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The very first issue of the Russian Journal of Spine Surgery (2004;(1):39—46) published an article entitled “Surgical Treatment for L5
Spondylolisthesis with Transpedicular Fixators”. Twenty years later, the authors analyzed changes in approaches to surgical treatment of
spondylolisthesis, taking into account the experience in surgical treatment of this pathology gained at the N.N. Priorov National Medical
Research Center of Traumatology and Orthopaedics. The issues of classification, fixation methods, reduction, changes in sagittal balance,
the possibility of using additive technologies and possible complications of surgical treatment are considered.

In conclusion, it is noted that the development of surgical treatment methods, the study of biomechanical features, the introduction of ad-
ditive technologies and much more enable improving the outcomes of spondylolisthesis treatment.

Key Words: L5—S1 spondylolisthesis; surgical treatment of spondylolisthesis; transpedicular fixation.

Please cite this paper as: Nazarenko AG, Kuleshov AA, Vetrile MS, Lisyansky IN, Makarov SN, Zakharin VR, Sharov AV, Aganesov NA. L5—S1 Spondylolisthesis:
what has changed in 20 years? An overview of the main issues in comparison with personal experience. Russian Journal of Spine Surgery (Khirurgiya Pozvonoch-
nika). 2024;21(3):93—98. In Russian.

DOI: http://dx.doi.org/10.14531/ss2024.3.93-98.

Two decades ago, the authors from
the N.N. Priorov National Medi-
cal Research Center of Traumatol-
ogy and Orthopaedics published an
article on surgical treatment of L5
spondylolisthesis using transpedicular
fixation in the Russian Journal of
Spine Surgery. In the meantime, our
own experience in surgical treatment
of spondylolisthesis has been
accumulated, and research activities
have been performed, as well as data
from numerous academic papers that
have been reviewed. In the proposed
article, we would like to look back and
evaluate the progress, the knowledge
and experience gained, and consider
how approaches to the treatment of
spondylolisthesis have changed.

Reading again the article of 2004,
we would like to highlight several
aspects. These include classification,
fixation techniques, reduction, changes
in sagittal balance, the use of additive
techniques, and possible complications
of surgery.

More on the issue

of spondylolisthesis classifications

The Marchetti — Bartolozzi etio-
logical classification remains relevant
and provides the possibility to divide
spondylolisthesis into two main types.
Yet, to this day, articles and scientific
reports still use elements of the Wil-
tse et al. classification that sometimes
leads to confusion between etiological
and morphological criteria.

Definitely, the main commonly accept-
ed classification of the severity of disloca-
tion has been and remains the well-known
Meyerding Spondylolisthesis Grading, Nev-
ertheless, the fact that deformity in spondy-
lolisthesis is not limited to an anteroposte-
rior dislocation has been obvious to many
researchers. IM. Mitbreit and V.E. Belenky
stated that the slip angle of the overhang-
ing vertebra, rather than the linear magni-
tude of the dislocation, is of greater signifi-
cance, and a grading of dislocation degrees
was proposed on this basis. Dubousset
recommended measuring the lumbo-
sacral angle, the so-termed Dub-LSA
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(Dubousset lumbosacral angle), and
stated that its correction to at least 100°
allows to avoid unsuccessful surgical
treatment [2]. The more recent papers
have confirmed the importance of cor-
rection of lumbosacral kyphosis and
the correlation of its magnitude with
quality of life [3].

The new information, gained from
the study of sagittal balance parame-
ters, has provided a better understand-
ing of biomechanical disorders and
compensatory mechanisms in spon-
dylolisthesis. Based on this, the SDSG
(Spinal Deformity Study Group) clas-
sification was proposed [4]. Depend-
ing on the severity, two types of spon-
dylolisthesis are distinguished: low grade
(I-1I) and high grade. The SDSG classi-
fication, depending on the radiological
parameters and features, compensation
or decompensation of the sagittal bal-
ance, provides an opportunity to deter-
mine the surgical strategy: in situ fixation
or reduction of the L5 vertebra with res-
toration of the spinopelvic relationship.
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Radiological parameters

Jor the evaluation

of spondylolisthesis

As noted above, the deformity
in spondylolisthesis is based on two com-
ponents: translational and angular. The
translational component is expressed
in grades (the Meyerding classification
[5]) or in percent, as described in Boxall
et al. [0]. The angular component consists
of measuring dislocation angles and is
expressed in degrees, as described in the
classic monograph by IL.M. Mitbreit [7].
In studies of the end of the last century
and the beginning of this century, such
radiological parameters as lumbar lordo-
sis, sacral slope, L5 tilt angle, sagittal rota-
tion angle, Mitbreit — Belenky angle, and
many others were used to evaluate the
spinopelvic relationship. The data given
in our article shows a reliable improve-
ment in the parameters characterizing
the angular component of lumbosacral
deformity — sagittal rotation angle, Mit-
breit dislocation angle, etc.

The gaining of information on the
parameters and relationships describ-
ing the sagittal balance of the spine in
particular and the trunk in general, as
well as the introduction of the postural
full-height radiological examination,
has provided new instruments for a
more complete evaluation of chang-
es in spondylolisthesis. A number of
parameters have been introduced: Pel-
vic Incidence (PI), Pelvic Tilt (PT), and
Sacral Slope (SS), that describe the
morphology and position of the pel-
vis in space. The load distribution in
the lumbosacral spine also depends on
these parameters [8]. PI is a static (ana-
tomical) parameter, the value of which is
individual and constant for each person,
unlike SS and PT, which, in turn, reflect
compensatory changes [9].

A particular area of interest is the
results of studies [10-13] demonstrat-
ing that sagittal pelvic parameters differ
between healthy individuals and patients
with spondylolisthesis, with the degree of
abnormalities correlating directly with
the severity of spondylolisthesis.

During the studies of sagittal bal-
ance in patients with spondylolisthe-
sis, we concluded that the key point

of surgical treatment of this group
of patients is to resolve the angle of
local lumbosacral kyphosis; in turn, the
parameters of sagittal balance may be
not fully restored [14].

Techniques of posterior fixation

in spondylolisthesis

The title of the article itself reflected
the use of transpedicular fixation at the
time, emphasizing the importance of the
technique and its novelty. Professor Stepan
Timofeevich Vetrile was the first to per-
form the surgery using the transpedicular
fixation for spondylolisthesis in our coun-
try at the N.N. Priorov National Medical
Research Center of Traumatology and
Orthopaedics in 1992. The instrumenta-
tion system developed by Arthur D. Stef-
fe [15], consisting of pedicle screws and
plates fixed to the screws with nuts, was
used. In the early 2000s, this technique,
although already used in specialized units
of leading traumatology and orthopaedic
as well as neurosurgical centers, was not
widespread. Undoubtedly, transpedicu-
lar fixation is the main technique in the
surgical treatment of spondylolisthesis
for correction of abnormal relationships
and stabilization. Previously, in order
to reduce the dislocated vertebra and
stabilize it, a rather extended fixation
(two- and three-segment fixation) was
performed considering that less than a
third of the patients analyzed in this article
had I-II-degree dislocation. Certainly, the
gained experience with screw placement,
intraoperative imaging options, and avail-
able technical devices for correction of ver-
tebral relationships, and rod fixation now
allow to perform less extensive fixation in
most cases and are often limited to a single
segment. However, the criteria for selecting
fixation levels proposed by Lamartina et al.
[16] in 2009 and based on the calculation
of the “stable area,” provide to choose an
optimal extent of fixation and prevent pos-
sible dislocation of the superjacent vertebra.

L5-S1 anterior support column

stabilization techniques

[t is unquestionable that stabilization
of the anterior support column is cru-
cial for successful outcomes in the treat-
ment of spondylolisthesis with lumbo-
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sacral spine fixation. Numerous articles
confirm this, and our experience, repre-
sented in the article of 2004, has shown
that in the absence of interbody fixation
there is a high percentage of fractures
of the instrumentation (23.3 % in the
study group). Simultaneous surgeries
with TLIF or PLIF with sufficient reduc-
tion and preserved anatomical shape of
the vertebral end plates is the proce-
dure of choice. Nevertheless, in cases
of a high degree of both dysplastic and
secondary deformities of the adjacent
vertebral end plates of the L5 and S1,
the so-termed dome shape of S1, and
incomplete reduction of dislocation in
high-grade spondylolisthesis, it is dif-
ficult or even impossible to achieve a
full-fledged interbody bone block with
cages from the posterior approach. In
such cases, interbody fixation from
the anterior approach is most often
the procedure of choice. Most of the
patients studied in this article under-
went an anterior extraperitoneal fusion
with a cortical allograft. This technique
has been widely used by us; it provid-
ed primary stable fixation and a good
outcome in the long term (Fig. 1). The
introduction of mesh implants, along
with the limited availability of the nec-
essary cortical allografts, has led to the
use of 12 mm cervical mesh cages filled
with bone chips to perform interbody
fixation. For the same purpose, cus-
tomized extended cages with threads
have been developed and successfully
used (Fig. 2). The technique of using
the so-termed Dotsenko mega-cage for
L5-S1 fusion is effective; its benefit is
the possibility of using in revision sur-
geries after PLIF/TLIF-type failed fusion
and, when necessary, to perform ante-
rior decompression of neural structures
at the L5-S1 level [17].

Reduction

The elimination of linear, anteropos-
terior dislocation is understood under
the term “reduction”, when evaluating
the surgical outcomes of spondylolisthe-
sis. As noted above, the key point is the
correction of the angular relationship
of the lumbosacral spine. Nonetheless,
the issue of reduction always arises
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when discussing spondylolisthesis.
Systematic reviews and meta-analyses
performed and published in articles
of the highest level of evidence agree
that reduction and in situ fixation
for spondylolisthesis are equally valid
and have no significant differences
in clinical outcomes. A higher level
of co-ossification and, accordingly, a
lower incidence of pseudarthrosis are
registered when performing reduction
[18-22]. However, it should be noted
that a number of papers indicate that
neurological complications are more
common when reduction is performed
(23, 24].

The most difficult for treatment is
the extreme degree of dislocation —
spondyloptosis. One of the most rad-
ical techniques is the Gaines proce-
dure: vertebrectomy of the L5 verte-
bra located in front of the sacrum and
fixation of the L4 vertebra on the S1. In
one case, we successfully applied this
technique, modifying it with addition-
al fixation of L4-S1 with cages with
excellent long-term outcomes, but we
should not recommend widespread use,
given the complexity and high risk of
neurological and other complications.
The author points out a high risk of
neurological complications in the ana-
lysis of 30 cases of treatment [25]. In
spondyloptosis, it is essential to correct
L5-S1 kyphosis, to control visually and
neurophysiologically the condition of
the roots and the dural sac during cor-
rection, and to perform an adequate
L5-S1 fusion either from the anterior
approach (Fig. 1) or from the posteri-
or approach in a trans-sacral technique,
as described in our paper, or with more
often preferred Bohlman technique with
the use of a mesh cage. Trans-sacral fixa-
tion with long screws is also effective [20,
27). A case of successtul use of external fix-
ation instrumentation for gradual elimi-
nation of deformity in spondyloptosis fol-
lowed by transpedicular fixation and ante-
rior fusion has been described [28].

Caudal extension of fixation with
spinopelvic fixation and placement of
screws in the iliac bones is also becom-
ing more frequently used to increase the
stability of fixation [29).

Fig. 1
A 12-year-old patient underwent two-stage surgical treatment for spondyloptosis of the
L5 vertebra, ie. transpedicular fixation of the L4-L5-S1 and anterior extraperitoneal
fusion of the L5-S1 with a cortical allograft: a — radiological image in lateral view,
lumbosacral kyphosis; b — correction of lumbosacral kyphosis; ¢ — CT scan 15 years
after surgery — complete fusion of the L5-S1

Additive technologies

The first application of additive tech-
nologies in spine surgery in our coun-
try was associated with the treatment
of spondylolisthesis. V.V. Dotsenko et al.
[30] in 2004 described the use of stereo-
lithographic full-size models in planning
surgical treatment of spondylolisthesis
and the making of customized instru-
mentation for anterior stabilization of
the lumbosacral spine. After anterior
decompression at the L5-S1 level, in situ
fixation with a customized plate was per-
formed from the extraperitoneal mini-
approach proposed by the authors. We
used this technique in several cases and
after partial reduction from the posterior
approach for fixation of the anterior sup-
port column [31].

The extensive development and avail-
ability in the last decade of computer
simulation and additive technologies for
the making of full-size spine models and
customized implants has also found its
application in the surgery for spondylo-
listhesis. The N.N. Priorov National Med-
ical Research Center of Traumatology
and Orthopaedics has developed a tech-
nique and a customized design for surgi-
cal treatment of patients with spondy-
lolysis [32]. An customized instrumenta-
tion, contouring of the L5 vertebral arch
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with sublaminar fixation and covering
the base of the spinous process, provides
indirect restoration of the arch integri-
ty in spondylolysis in combination with
transpedicular fixation. The possibility
of preoperative planning provides the
opportunity to make the instrumenta-
tion in such a way that when fixing it to
the screws, reduction of the anterior part
of the vertebral body is achieved in spon-
dylolisthesis of grade I-11. The first appli-
cation of this technique in 29 patients
with spondylolysis, 22 of whom also had
grade I-1I spondylolisthesis, showed its
efficacy [33]. The obvious advantage is
the preservation of movement in the L5-
S1 segment.

Neurological complications

In our article of 2004, it was noted in
the study group that 2 (6.7 %) patients
developed paresis of the extensor mus-
cles of the foot and toes after surgery
that decreased satisfaction with the sur-
gical outcome. Fu et al. [23] analyzed a
group of 605 children and adolescents
operated on for spondylolisthesis and
noted the onset of neurological deficit
after surgery in 5 %.

Kasliwal et al. [24], analyzing the treat-
ment outcomes of 165 patients, adults
and children, noted the onset of neuro-
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Fig. 2

L5-S1 with a special cage

Variants of performing anterior interbody fusion of the L5-§1: a2 — 12 mm mesh cage
filled with autografts; b — CT of the L5-S1 interbody bone block with a mesh cage;
¢ — planning of a surgery using a special extended threaded cage; d — appearance
of the threaded cage; e — CT of the patient after performing anterior fusion of the

logical complications in 11.5 % of cases,
and the use of intraoperative neurophysi-
ological monitoring (IONM) did not

always make it possible to avoid these
complications. In reduction and correc-
tion of angular relationships, especially in
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large grades of spondylolisthesis, in our
opinion, direct visualization of the roots
is crucial to ensure their compression
and tension are not present. Nonethe-
less, the use of IONM during vertebro-
plasty is undoubtedly valuable, and the
development of new IONM techniques
will prevent neurological complications
to a greater extent [34].

Conclusion

The development of surgical tech-
niques, new aspects of etiopathogenesis
and biomechanical features, introduc-
tion of additive technologies and so on
can improve the outcomes of spon-
dylolisthesis treatment. Original stu-
dies performed with a high degree of
evidence, analysis of the international
literature, and exchange of experience
are significant in this way.

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

The study was approved by ihe local ethics
commiitee of the institution. All authors contributed
significantly to the research and preparation of the
article, read and approved the final version before
publication.

20 YEARS LATER...



KHIRURGIYA POZVONOCHNIKA (RUSSIAN JOURNAL OF SPINE SURGERY) 2024;21(3):93-98

A.G. NAZARENKO ET AL. L5-S1 SPONDYLOLISTHESIS: WHAT HAS CHANGED IN 20 YEARS?

References

Mironov SP, Vetrile ST, Vetrile MS, Kuleshov AA. Surgical treatment for L5 spondylo-
listhesis with transpedicular fixators. Russian Journal of Spine Surgery (Khirurgiya Pozvo-
nochnika). 2004;(1):39-46.

Dubousset J. Treatment of spondylolysis and spondylolisthesis in children and adolescents.
Clin Orthop Relat Res. 1997;(337):77-85. DOIL 10.1097/00003086-199704000-00010.
Tanguay F, Labelle H, Wang Z, Joncas J, de Guise JA, Mac-Thiong JM. Clinical signifi-
cance of lumbosacral kyphosis in adolescent spondylolisthesis. Spine. 2012;37:304-308.
DOI: 10.1097/BRS.0b013€31821cc558.

Mac-Thiong JM, Duong L, Parent S, Hresko MT, Dimar JR, Weidenbaum M,
Labelle H. Reliability of the Spinal Deformity Study Group classification of lumbosa-
cral spondylolisthesis. Spine. 2012;37:E95-102. DOL 10.1097/BRS.0b013¢3182233969.
Meyerding H. Spondylolisthesis. Surg Gynecol Obstet. 1932;(54):371-377.

Boxall D, Bradford DS, Winter RB, Moe JH. Management of severe spondylolis-
thesis in children and adolescents. ] Bone Joint Surg Am. 1979;61:479-495.

Mitbreit IM. Spondylolisthesis. Moscow; 1978.

Nahle IS, Labelle H, Parent S, Joncas J, Mac-Thiong JM. The impact of surgical
reduction of high-grade lumbosacral spondylolisthesis on proximal femoral angle
and quality of life. Spine J. 2019;19:670-676. DOI 10.1016/j.spinee.2018.10.001.
Mac-Thiong JM, Labelle H, Berthonnaud E, Betz RR, Roussouly P. Sagittal spi-
nopelvic balance in normal children and adolescents. Eur Spine J. 2007;16:227-234.
DOI: 10.1007/500586-005-0013-8.

. Hanson DS, Bridwell KH, Rhee JM, Lenke LG. Correlation of pelvic incidence

with low-and high-grade isthmic spondylolisthesis. Spine. 2002;27:2026-2029.
DOL 10.1097/00007632-200209150-00011.

. Labelle H, Roussouly P, Berthonnaud E, Transfeldt E, O’Brien M, Chopin D,

Hresko T, Dimnet J. Spondylolisthesis, pelvic incidence, and spinopelvic balance: a cor-
relation study. Spine. 2004;29:2049-2054. DOI: 10.1097/01.brs0000138279.53439.cc.

. Whitesides TE Jr, Horton WC, Hutton WC, Hodges L. Spondylolytic spondylolis-

thesis: a study of pelvic and lumbosacral parameters of possible etiologic effect in two
genetically and geographically distinct groups with high occurrence. Spine. 2005;30
(6 Suppl):812-521. DOIL: 10.1097 /01.brs.0000155574.33693.60.

. Rajnics P, Templier A, Skalli W, Lavaste F, Illes T. The association of sagittal spinal

and pelvic parameters in asymptomatic persons and patients with isthmic spondylolis-
thesis. Spinal Disord Tech. 2002;15:24-30. DOL 10.1097/00024720-200202000-00004.

. Kuleshov AA, Vetrile MS, Zakharin VR, Lisyansky IN, Makarov SN, Strunina YuV.

Changes in spinopelvic relationships in children with spondylolisthesis after surgical
treatment and their correlation with the assessment of quality of life. Russian Jour-
nal of Spine Surgery (Khirurgiya Pozvonochnika). 2023;20(2):32-39. DOIL 10.14531/
$82023.2.32-39.

. Steffee AD, Biscup RS, Sitkowski DJ. Segmental spine plates with pedicle screw

fixation. A new internal fixation device for disorders of the lumbar and thoracolumbar
spine. Clin Orthop Relat Res. 1986;(203):45-53.

. Lamartina C, Zavatsky JM, Petruzzi M, Specchia N. Novel concepts in the evalu-

ation and treatment of high-dysplastic spondylolisthesis. Eur Spine J. 2009;18 Suppl
1:133-142. DO 10.1007/500586-009-0984-y.

. Dotsenko VV. Revision surgeries for degenerative spine diseases. Russian Journal

of Spine Surgery (Khirurgiya Pozvonochnika). 2004;(4):63-67.

. Zhan X, Xi X, Li F, Xiang Q, Qian J, Yu H, He L, Yu Y, Cheng L. Is reduction

or arthrodesis in situ the optimal choice for adolescent spondylolisthesis? — a systematic
review and meta-analysis. Ann Palliat Med. 2021;10:8523-8535. DOL: 10.21037 /apm-21-569.

. He R, Tang GL, Chen K, Luo ZL, Shang X. Fusion in situ versus reduction for

spondylolisthesis treatment: grading the evidence through a meta-analysis. Biosci Rep.
2020:40:BSR20192888. DOL: 10.1042/BSR20192888.

96

[ )

21

22.

23.

24,

26.

27.

28.

29.

30.

31

32

33.

34.

0. Jiang G, Ye C, Luo J, Chen W. Which is the optimum surgical strategy for spondylolis-

thesis: Reduction or fusion in situ? A meta-analysis from 12 comparative studies. Int J Surg.
2017:42:128-137. DOL 10.1016/jsu.2017.04.066.

Lak AM, Abunimer AM, Devi S, Chawla S, Aydin L, Tafel I, Smith TR, Mekary RA,
Zaidi HA. Reduction versus in situ fusion for adult high-grade spondylolisthesis: a system-
atic review and meta-analysis. World Neurosurg. 2020;138:512-520.¢2. DOL 10.1016/j.
wneu.2020.03.030.

Bai X, Chen J, Liu L, Li X, Wu Y, Wang D, Ruan D. Is reduction better than arthrodesis
in situ in surgical management of low-grade spondylolisthesis? A system review and meta analy-
sis. Bur Spine J. 2017;26:606-618. DOL 10.1007/500586-016-4810-z.

Fu KM, Smith JS, Polly DW Jr, Perra JH, Sansur CA, Berven SH, Broadstone PA,
Choma TJ, Goytan MJ, Noordeen HH, Knapp DR Jr, Hart RA, Donaldson WF 3rd,
Boachie-Adjei O, Shaffrey CI. Morbidity and mortality in the surgical treatment of six hun-
dred five pediatric patients with isthmic or dysplastic spondylolisthesis. Spine. 2011;36:308—
312.DOL 10.1097/BRS.0b013¢3181cf3ald.

Kasliwal MK, Smith JS, Shaffrey CI, Saulle D, Lenke LG, Polly DW Jr, Ames CP, Per-
ra JH. Short-term complications associated with surgery for high-grade spondylolisthesis
in adults and pediatric patients: a report from the scoliosis research society morbidity and mor-
tality database. Neurosurgery. 2012;71:109-116. DOL 10.1227/NEU.0b013€3182535881.

. Gaines RW. L5 vertebrectomy for the surgical treatment of spondyloptosis: thirty cases

in 25 years. Spine. 2005306 Suppl)S66-S70. DOL 10.1097/01brs0000155577.19606f.
Minamide A, Akamaru T, Yoon ST, Tamaki T, Rhee JM, Hutton WC. Transdiscal L5-S1
screws for the fixation of isthmic spondylolisthesis: a biomechanical evaluation. J Spinal Disord
Tech. 2003;16:144-149. DOL 10.1097/00024720-200304000-00005.

Kerr HL, Gee A, Fernandes RJR, Kanawati AJ, Jin W, Gurr KR, Bailey CS,
Zdero R, Rasoulinejad P. Biomechanical comparison of 3 types of transdiscal fix-
ation implants for fixing high-grade L5/S1 spine spondylolisthesis. Spine J. 2021;21:
1587-1593. DO 10.1016/jspinee.2021.04017.

Afaunov AA, Polyukhovich EM, Afaunov AL Shevchenko AV. Surgical treatment of severe
spondylolisthesis: clinical case report. Russian Journal of Spine Surgery (Khirurgiya Pozvonoch-
nika). 2008,(1):20-23. DOL 10.14531/552008.1.20-23.

Vetrile MS, Kuleshov AA, Makarov SN, Lisyansky IN, Kokorev Al, Aganesov NA,
Zakharin VR. Peculiarities of spinopelvic fixation in deformations and traumatic injuries of the
spine. NN. Priorov Journal of Traumatology and Orthopedics. 2021;28(1):17-27.DOL 10.17816/
V1063954,

eDotsenko VV, Shevelev IN, Zagorodniy NV, Konovalov NA, Koshevarova QV. Spon-
dylolisthesis: anterior mini-invasive surgery. Russian Journal of Spine Surgery (Khirurgiya Pozvo-
nochnika). 2004;(1):47-54.

Kuleshov AA, Vetrile MS, Shkarubo AN, Docenko VV, Es’kin NA,
Lisyanskiy IN, Makarov SN. Additive technologies in surgical treatment of spi-
nal deformities. N.N. Priorov Journal of Traumatology and Orthopedics. 2018;25
(3-4):19-29. DOL 10.17116/vt0201803-04119.

Kuleshov AA, Vetrile MS, Zakharin VR, Lisyanskij IN, Makarov SN, Aganesov NA,
Kokorev AL Method of surgical fixation of the zone of bilateral spondylolysis of L5 vertebra
using a metal fixing device. Patent RU 2798704. Appl. 02.12.2022. Publ. 23.06.2023. Bul. 18]
Vetrile MS, Kuleshov AA, Makarov SN, Lisyansky IN, Zakharin VR, Kokorev Al
Aganesov NA. Surgical treatment of L5 spondylolysis in an  athlete using custom-made
implant. N.N.Priorov Journal of Traumatology and Orthopedics. 2024;31(3):407-417.
DOI 10.17816/vt0634755.

Torio C, Koucheki R, Strantzas S, Vandenberk M, Lewis SJ, Zeller R, Camp M,
Rocos B, Lebel DE. Utility of intraoperative neurophysiological monitoring in detecting
motor and sensory nerve injuries in pediatric high-grade spondylolisthesis. Spine J. 2023;23:1920—
1927.DOL 10.1016/jspinee.2023.08.002.

20 YEARS LATER...



KHIRURGIYA POZVONOCHNIKA (RUSSIAN JOURNAL OF SPINE SURGERY) 2024:21(3):93-98
A.G. NAZARENKO ET AL. L5-S1 SPONDYLOLISTHESIS: WHAT HAS CHANGED IN 20 YEARS?

Address correspondence to: Received 15.08.2024
Vetrile Marchel Stepanovich, Review completed 26.08.2024
N.N. Priorov National Medical Research Center Passed for printing 09.09.2024

of Traumatology and Orthopaedics,
10 Priorova str., Moscow, 127299, Russia,
vetrilams@cito-priorov.ru

Anton Gerasimovich Nazarenko, DMSc, Professor of RAS, N.N. Priorov National Medical Research Center of Traumatology and Orthopaedics, 10 Priorova sir., Mos-
cow, 127299, Russia, ORCID: 0000-0003-1314-2887, anazarenko@mail.ru;

Marchel Stepanovich Veirile, MD, PhD, orthopedic traumatologist, deputy director for science, N.N. Priorov National Medical Research Center of Traumatology
and Orthopaedics, 10 Priorova str., Moscow, 127299, Russia, ORCID: 0000-0001-6689-5220, vetrilams@cito-priorov.ru;

Aleksandr Alekseyevich Kuleshov, DMSc, Head of the Vertebrology Department, N.N. Priorov National Medical Research Center of Traumatology and Orthopaedics,
10 Priorova str., Moscow, 127299, Russia, ORCID: 0000-0002-9526-8274, cito-spine@mail.ru;

Sergey Nikolayevich Makarov, MD, PhD, orthopedic iraumatologist, N.N. Priorov National Medical Research Center of Traumatology and Orthopaedics, 10 Pri-
orova sir., Moscow, 127299, Russia, ORCID: 0000-0003-0406-1997, moscow.makarov@gmail.com;

Igor Nikolayevich Lisyansky, MD, PbD, orthopedic traumatologist, N.N. Priorov National Medical Research Center of Traumatology and Orthopaedics, 10 Pri-
orova str., Moscow, 127299, Russia, ORCID: 0000-0002-2479-4381, lisigornik@Iist.ru;

Vitaly Romanovich Zakbarin, MD, PhD, orthopedic traumatologist, N.N. Priorov National Medical Research Center of Traumatology and Orthopaedics, 10 Pri-
orova str., Moscow, 127299, Russia, ORCID: 0000-0003-1553-2782, zakbvit@gmail.com;

Viadislav Andreyevich Sharov, orthopedic traumatologist, N.N. Priorov National Medical Research Center of Traumatology and Orthopaedics, 10 Priorova str., Mos-
cow, 127299, Russia, ORCID: 0000-0002-0801-0639, sharov.viad397 @gmail.com;

Nikolay Aleksandrovich Aganesov, MD, PhD, orthopedic traumatologist, N.N. Priorov National Medical Research Center of Traumatology and Orthopaedics, 10 Pri-
orova sir., Moscow, 127299, Russia, ORCID: 0000-0001-5383-6802, kolyanzer@yandex.ru.

97

20 YEARS LATER...




KHIRURGIYA POZVONOCHNIKA (RUSSIAN JOURNAL OF SPINE SURGERY) 2024;21(3):93-98

A.G. NAZARENKO ET AL. L5-S1 SPONDYLOLISTHESIS: WHAT HAS CHANGED IN 20 YEARS?

98

20 YEARS LATER...



