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This publication was inspired by the 
proposal made by the organizers of the 
9th Meeting of the Association of Spi-
nal Surgeons of Russia «Spine Surgery: 
the Achievements and Unsolved Ques-
tions» to one of the authors to deliver a 
speech on the current trends in surgery 
of congenital spinal deformities. This 
analysis has gone beyond the scope 
of the conventional reviews and was 
actually shaped as a public dialogue.

The questions related to surgical treat-
ment of spinal anomalies in Russia start-
ed to be studied in the late 1970s–early 
1980s [1–3]. However, their development 
in the USSR and during the first several 
decades of existence of the Russian Fed-
eration was characterized by a number of 
political (the lack of scientific or practi-
cal networking), economic («backyard» 
production of implants and the insuffi-
ciently developed technical equipment), 
and psychological features (many top 
orthopedists believed that reconstruc-
tive stabilization surgeries were justified 
only for preadolescent and adolescent 
patients). These limitations have to a cer-
tain extent hindered the evolution of sur-
gery of the axial skeleton in children of 
early age. At that time, systematic devel-

opment of this field was started only at 
the Leningrad Pediatric Medical Insti-
tute (its name being later changed to St. 
Petersburg Medical Academy). Although 
the ideology of the institute back then 
was virtually not different from those of 
the leading clinics abroad, very few Rus-
sian studies have been published in for-
eign journals and have mostly focused 
on simultaneous two-stage (later single-
stage) hemivertebral excision involv-
ing instrumented correction/fixation or 
presented justification of the benefits 
of compression as the main correction 
maneuver characterized by greater safety 
[4–10].

Over the past 10–15 years, there has 
been sufficient progress in technical facil-
ities and treatment outcomes in pediatric 
spine surgery in Russia, bringing it to the 
level comparable to that in top foreign 
clinics. The geography of Russian pub-
lications has been broadened, although 
the number of articles published in for-
eign journals still remains limited [11–
16]. Comparison with the modern global 
trends reveals the following patterns in 
surgery of spinal deformities:

– the evolution of visual diagnosis 
methods (the EOS system, side-bending 

X-ray, the emergence of gravity comput-
ed tomography or magnetic resonance 
imaging, and 3D printing), which has 
modified treatment planning and made 
it possible to elaborate tailored surgical 
approaches with allowance for the type 
of vertebral malformations;

– modification of the criteria used to 
evaluate the intervention efficiency: they 
started to involve not only the assess-
ment of deformity correction but also 
the traumaticity degree of an interven-
tion (blood loss volume and duration), 
which has led to implementing blood-
saving techniques and methods for con-
trolling surgeon’s actions (3D navigation, 
intraoperative CT/MRI, robot-assisted 
technologies, and neuromonitoring);

– implementation of the adapted 
functional status scales and quality of 
life questionnaires (e.g., SRS);

– application of different types of 
instrumentation in the same patient, as 
well as performing simultaneous inter-
ventions for the spine, spinal cord, and 
the thorax, has made it necessary to use 
hybrid surgical methods; more accurate 
patient selection has led to the revival of 
external fixation methods (ExFix, Halo-
pelvic, and Halo-gravity);
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– the evolution of spinal implants 
(third- and fourth-generation ones, Len-
ke frame, reduction and uniaxial screws) 
and equipment (tables, osteoplasty kits, 
power-driven equipment, and ultrasonic 
bone cutters);

– the progress in anesthesia manage-
ment has made it possible to monitor 
the depth of anesthesia, perform video-
assisted intubation, and use drugs for 
hemostasis management [7, 8, 17–19].

However, new clinical and fundamen-
tal problems have also emerged:

– terminology unif ication was 
required for refining developmental 
malformations;

– treatment planning became more 
challenging: first of all, there appeared 
some new factors that can hardly be 
analyzed in children of young age (e.g., 
balance of the body or certain spinal 
segments);

– the advances in medicine and eco-
nomics have made it necessary to com-
pare the treatment methods and tech-
niques using the criteria that can hardly 
be compared between different coun-
tries (e.g., the cost/benefit analysis);

– interdisciplinary integration started 
to play an exclusively administrative and 
organizational role: so it was necessary to 
form a complimentary team consisting of 
surgeons, orthopedists, neurosurgeons, 
anesthetists, pediatricians, general prac-
titioners, neurologists, neurophysiolo-
gists, rehabilitation therapists, and physi-
cal therapists; all the team members need 
to be trained, and the learning curves will 
inevitably have an effect when new tools 
start to be used;

– there has been controversy between 
the new knowledge (systematization of 
nonconventional rare malformations 
and justification of their management) 
and the limitations related to the regula-
tory statistical tools (first of all, the ICD), 
which does not involve this detalization.

The following aspects are typical of 
our country: the strict regulations of sur-
gical activity limiting any innovations 
related to the choice of treatment modal-
ity; the need to prove that a certain pro-
cedure is superior to another one, while 
there are no criteria for this assessment 
or they are rather inconsistent; blatant 

disregard (or, vice versa, hypertrophy) 
of certain expert’s personal opinion. This 
is especially true for rare spinal malfor-
mations when it is very difficult to find 
enough patients to form study and con-
trol groups that would be sufficiently 
large for statistical analysis.

Taking these aspects into account, we 
will try to focus on the questions out-
lined above.

Terminology and Classification

Strange as it may seem, these ques-
tions are of the utmost importance in 
Russia. Codes for almost all congeni-
tal spinal malformations are listed in 
the ICD-10 not only in the Q group 
(Q00–Q99 «Congenital malformations/
developmental anomalies») but also 
correspond to «deforming dorsopathies» 
(M40–M43), «spondylopathies» (M45–
M49), «other dorsopathies» (M50–M54), 
and «chromosomal abnormalities.» It is 
worth mentioning that the International 
Classification of Diseases (ICD) is a 
statistical classifier rather than the 
clinical one and is used as a tool for 
administrative control in maintenance 
of clinical records (patient’s records) 
and, unfortunately, for financial reasons. 
Since a pathology needs to fall into a 
certain ICD class, the clinicians tweak 
the diagnosis to a more convenient 
(sometimes the «more expensive») ICD 
code, which has nothing to do with 
standardization of surgical approaches, 
the strategy of  dynamic patient 
management, and prediction treatment 
outcomes, but makes clinical evaluation 
of the pathology more difficult.

One should bear in mind that the 
classifications of vertebral developmen-
tal anomalies proposed by MacEwen 
et al. [20] and complemented by Winter 
et al. [21], McMaster and Ohtsuka et al. 
[22], E.V. Ulrikh [4], and Kawakami et al. 
[23] do not take into account the mod-
ern potential of using CT (including 3D 
CT) to evaluate the pathology (Fig. 1), 
so many complex deformities are clas-
sified as combined malformations (i.e., 
those including abnormal vertebral seg-
mentation, formation, and coalescence). 
Meanwhile, to choose a proper treatment 

modality, it is fundamentally impor-
tant to identify the key anomaly that is 
responsible for certain spinal deformi-
ty and malformation progression or a 
combination of anomalies, which allows 
one to differentiate the approach used 
for treating its harmful effect on spinal 
growth and development [4]. This idea 
has also been presented in other studies 
[5, 24].

Figure 1 shows an example of com-
bined malformation with the noncom-
pensated triad of key anomalies: asym-
metric L2 butterfly vertebra (in com-
bined malformations, the number of 
vertebrae is regarded as conditional), the 
semisegmented T7 hemivertebra with 
contralateral block and sacralization of 
the L6. The risk of progression of any of 
these components makes it necessary 
to perform differentiated planning of 
the strategy for surgical treatment of the 
deformity; neither the supernumerary 
anomalous vertebrae nor the complex 
of fused vertebrae in the upper thoracic 
spine affects the deformity progression.

Modern Diagnosis Techniques

The emergence of Slot radiography, 
which allows one to obtain full-body 
radiographs followed by 3D processing 
and analysis of the deformities of 
the axial skeleton and body balance 
(the EOS system), has been the key 
trend over the past decade [25, 26]. 
Functional radiographs still remain 
important in evaluation of the mobility 
of structural and nonstructural curves; 
however, their analysis in the 3D 
model is fundamentally different. The 
digital platforms for processing the 
radiography data (Surgimap, MediCAD, 
and SagittalMeter) al low one to 
take into account an extended set 
of parameters: the length and Cobb 
angle of the structural or nonstructural 
curves, torsion of the apical vertebrae, 
deviation from the central sacral vertical 
line (CSVL), curve mobility parameters, 
rotation of the cranial and caudal 
vertebrae, the horizontal position of the 
distal neutral vertebra, the stability zone, 
shoulder balance, T1 slope, deviation of 
the C7 vertebra from the posterior sacral 
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vertical line (PSVL), etc. Today, routine 
examination in the leading clinics 
already involves radiographic telemetry 
of the spine, CT in the 3D VRT and MPR 
modes, and MRI. The first reports on 
evaluation of both static and dynamic 
body balance have been published [27]. 
It is fair to expect that the options of 
vertical (gravity) CT and MRI, as well as 
evaluation of the dynamic body balance, 
will become available in the near future.

The emergence of virtual (computer-
assisted) and real-world 3D modeling 
(3D printing) of the anomalous spine 
gives grounds to expect that a checklist 
of surgeon’s actions will be elaborated 
and will be based on 3D classification 
of the malformation, identification of its 
key components, allowance for the met-
ric and spatial parameters of the instru-
mentation zone, the geometry and tra-
jectory of screw placement, as well as 
the type and level of osteotomy. Howev-
er, it still remains unclear how decision-
making regarding the treatment tactics 
depends on the geometrically increasing 
number of evaluated characteristics and 
whether they actually need to be evalu-
ated for this purpose.

Evolution of Implants

The emergence of Harrington distrac-
tion rod in the 1960s, as well as the 
Luque fixation procedure and ventral 
fixation systems in the 1970s (Dwyer and 
Zielke), to treat patients with congenital 
vertebral malformations ensured only 
moderate deformity correction [28, 29]. 
An absolutely new stage became possible 
in the 1980s as the CD instrumentation 
[30] started to be used and transpedicular 
fixation was popularized [31, 32]; the 
assortment of anchoring elements 
(hooks, transpedicular and pelvic 
screws) was broadened in the 1990s 
[3–5, 33–35]. Meanwhile, personalized 
correction of congenital scoliosis of 
children of early age (primarily having 
hemivertebrae) has become feasible as 
surgeons started to use the compression 
maneuver instead of distraction already 
when Harrington rods threaded in 
opposite direction with respect to the 
distractor were launched into practice 

and subsequently, due to designing 
low-profile instrumentation having 
small diameter (baby CD) especially for 
this age cohort. The instrumentation 
further evolved as an apical vertebral 
derotation frame, percutaneous fixation, 
and various systems for monitoring the 
axial growth in children started to be 
used in the 2000s. The latter systems are 
generally classified to distraction-type 
(growing rods, VEPTR, and magnetic 
rods – Phenix/MAGEC), compression-
type (stapling and using cable tension 
systems), and guided growth systems 
(Luque–Trolley and Shilla systems) 
[36–46].

If one views the instrumented fixa-
tion systems as a «technology – method – 
option» algorithm, the first two decades 
of the 21st century can be character-
ized as the evolution of instrumentation 
options.

Choosing the Fixation Zone

According to the Dubousset cone of 
economy concept [47], the evolution 
in techniques used for analyzing the 
radiographic and functional parameters 
characterizing the static and dynamic 
frontal and sagittal spinal profile (the 
so-called spinal alignment and balance) 
has made it topical to choose the fixation 
zone. The capabilities of the main four 
correction maneuvers (translation, 
apical vertebral derotation, distraction, 
and compression) have reached the 
maximum possible capabilities of 
segment-wise correction of all the 
deformity components [48].

As mentioned earlier, in order to pro-
cess the data using progressive digital 
platforms, one needs to understand the 
biomechanics of axial skeleton deforma-
tion whose key components can be pre-
sented as follows:

(1) segmental and global gravitational 
balance [47];

(2) mobility of deformity curves and 
imbalance compensation; and

(3) optimization of correction tech-
nologies, methods, and procedures 
that involve the potential of operative 
approach, the levels and types of oste-
otomy and variants of spinal fixation.

Growth Control

The broad range of technologies and 
implants used for spinal growth con-
trol makes it difficult to choose the 
best option. The key trends in spinal 
growth control are as follows: the 
predominant use of bilateral systems 
[36, 49] or controlling growth and 
volume of the thorax [38, 39–41, 50, 
51]. The efficiency of correction is 
compared to the rate of complications, 
the functional outcomes, and patients’ 
quality of life. It has been reported that 
minimally invasive approaches within 
the zone of instrumentation placement 
and insertion of thoracic rods via the 
axillary approach are beneficial [52]. 
The risk of complications (mainly, 

Fig. 1
A CT scan (3D multiplanar recon-
struction, anterior view) of an 
18-month-old child having con-
genital scoliosis and multiple devel-
opmental anomalies of the verte-
brae: the key components of the 
deformity are shown with arrows 
(see explanation in the text)
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implant instability and surgical site 
infection) decreases with age at which a 
patient has undergone primary surgery, 
while simultaneously the outcomes 
of correction are worsened [43] and 
parameters of the body balance and 
thoracic volume (the SAL index and the 
thorax asymmetry index) are improved 
[53]. The advantages of using distractors 
ensuring single- or double-tip rib fixation 
in patients with thoracic insufficiency 
syndrome have also been demonstrated 
[42, 45, 54].

Release Procedures and Control 
over Surgeon’s Actions

The wide implementation of corrective 
spinal osteotomies and their systematiza-
tion are especially relevant for congenital 
deformities. Three-column osteotomies 
(Schwab grades 3–6) can be regarded 
as the main tool for correcting severe 
and decompensated deformities; the 
posterior approach is associated with 
fewer complications [55]. The trend to 
limit the fixation zone (including via 
achieving local mobility) observed for 
three-column osteotomies fully agrees 
with the viewpoint of Dubousset [47], 
who has repeatedly suggested that 
extensive fixation should be avoided if 
it is possible to perform local correction 
(Fig. 2) [56–59].

The technical features of limited inter-
ventions include the use of navigation 
or endoscopy to control the osteotomy 
volume [60], as well as the application of 
ultrasonic bone cutter to resect osseous 
structures of the spine [59, 61, 62].

An individual trend in evolution of 
spinal surgery involves controlling sur-
geon’s actions to reduce the number of 
most severe complications (the neuro-
logical and infectious ones) after defor-
mity correction surgeries [63]. Briefly, the 
main intraoperative measures involve 
controlling the instrumentation insertion 
(radiography, CT, MRI, or 3D template-
assisted navigation), controlling the sta-
tus of spinal cord conduction (intraop-
erative neuromonitoring), and control-

ling the osteotomy volume (bone tool 
navigation and endo video assistance). 
However, the problems related to inter-
pretation of the results of intraopera-
tive neuromonitoring with allowance 
for false negative and, more importantly, 
false positive data, still persist. The key 
studies focus on elaboration of proto-
cols of neurophysiological control [64–
67] and measures to be taken if signal 
is lost (the NASCIS II, NASCIS III proto-
cols, etc.) [68–71]. To reduce the risk of 
complications, it is justified to use check-
lists for preoperative examination and 
preparation of patients by a multidisci-
plinary medical team and checklists for 
the team’s actions during a surgery to 
correct spinal deformities (including the 
congenital ones) [72].

Hybridization of Techniques

One of the current trends in surgery of 
congenital spinal malformations is to 
simultaneously use several techniques 
for treating a combined pathology. 
This largely has been done due to the 
establishment of spinal surgery, a 
subdiscipline that simultaneously uses 
the neurosurgical and orthopedic 
methods. Combination of meningolysis 
and meningoradiculolysis involving 
spinal fixation (Fig. 3) [14, 73], as well 
as spinal osteotomy with dynamic or 
total interstitial instrumentation [63] 
and/or temporary external extrafocal 
transpedicular fixation, halo-gravity, 
halo-pelvic, and halo-cast apparatuses 
[14, 16, 73], are the most in-demand ones.

Conclusions

Today, prospective, multicenter, inter-
rater concordance trials should be 
regarded as the most efficient studies for 
elaborating classifications and protocols 
of managing patients with different 
pathologies. However, for the group of 
congenital developmental anomalies of 
the spine, this resource can be limited 
because of the small number of cohorts 
of patients having homotypic anomalies 

or their combinations [57]. For this very 
reason, it still is extremely important 
to perform multicenter retrospective 
evaluation and systematization of reviews 
to develop a unified terminology to be 
used in evaluation and management 
protocols for these patients.

In our opinion, the key current trends 
of surgery of congenital spinal deformi-
ties are as follows:

– the diagnostic one, which is relat-
ed to 3D X-ray imaging, detalization of 
the anomaly structure, the use of digital 
platforms for parameter assessment, and 
refinement of the body balance;

– the multidisciplinarity of syndromic 
evaluation of the patient’s status and the 
related treatment risks;

– comprehensive diagnosis of the ver-
tebral and concomitant anomalies inev-
itably leads to refinement of planned 
surgery volume, which striving for 
correction of the deformity and body 
imbalance;

– the low-trauma nature of the 
approach (including that used for spinal 
osteotomy) and justified minimization of 
the length of instrumented spinal fixa-
tion zone at an early age are preferred; 
however, the role of the instrumenta-
tion controlling growth of children 
with extensive spinal deformities will be 
refined as more data become available;

– if there are no large-size homoge-
neous clinical cohorts, the nonconven-
tional (including novel) approaches to 
treatment of rare spinal malformations 
cannot be regarded as evidence-based; 
pooling the data obtained at different 
study sites, elaborating the checklists for 
surgeon’s actions, and unifying the ana-
lysis results using the principle of inter-
rater concordance at the initial stage can 
rather quickly give rise to conclusions 
whose reliability will also be proved by 
statistical analysis.

We will appreciate any comments, 
additional information, and proposals on 
designing perspective multicenter studies.

This study had no sponsorship. The authors declare 

that there is no conflict of interest.
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Fig. 2
The data for a 7-year-old girl with congenital scoliosis; the main malformation is developmental and segmentation anomaly of the C7–T5 
vertebrae: a – a photo taken prior to treatment: severe shoulder girdle imbalance; b – preoperative frontal and lateral radiographs of the 
spine (the Surgimap software was used for digital analysis); c – CT scan in the MPR mode; frontal view: the asymmetric form of T1–T6 
vertebral segmentation anomaly, unsegmented lateral T1–T5 hemivertebrae, Cobb angle, 38°; d, e – postoperative frontal and lateral 
radiographs (the Surgimap software was used for digital analysis): asymmetric bone–disc–bone osteotomy (BDBO, Schwab grade 4) at the 
T4 level, local posterior instrumented fixation of T1–T5 anomaly zone using pediatric instrumentation, deformity correction, local fusion, 
Cobb angle, 5.6°; f – a photo taken after the treatment: the shoulder girdle balance has been restored
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Fig. 3
The data of a 6.5-year-old girl with congenital kyphoscoliosis associated with congeni-
tal spinal dysraphism (myelomeningocele) starting at the T6 level: a – a photo before 
treatment: severe frontal imbalance; b – preoperative frontal and lateral radiographs of 
the spine, CT in the VRT mode (posterior and lateral views): the asymmetric form of the 
T6–T12 vertebral segmentation anomaly, conditionally unsegmented lateral T9 and T11 
hemivertebrae; c – intraoperative photos: asymmetric PSO osteotomy (Schwab grade 3) 
at the T10–T11 level, bone–disc–bone osteotomy (BDBO, Schwab grade 4) at the L1–L2 
and L2–L3 levels, posterior instrumented fixation with pediatric instrumentation at the 
T3–L5 level, deformity correction, local fusion, correction of the kyphotic and scoliotic 
components of the deformity (96 and 78%, respectively); d – postoperative frontal and 
lateral radiographs of the spine: the sagittal and frontal balance has been restored

c d

а b



Hirurgia Pozvonochnika 2020;17(1):15–24 

Spine deformities

21

S.O. Ryabykh et al. Treatment of congenital spinal deformities in children: yesterday, today, tomorrow

1.  Ulrich EV. Fibrous septa of the spinal canal in children with developmental anomalies 

of the locomotor system. Khirurgiia (Mosk). 1987;(8):105-107. In Russian.

2.  Ulrich EV, Bairov GA. The method of wedge-shaped resection in the treatment of 

congenital scoliosis in toddlers. Klinicheskaia khirurgiia. 1989;(11):24-27. In Russian.

3. Ulrich EV, Moushkin AYu. Surgical treatment of scoliosis and kyphoscoli-

osis caused by hemivertebrae in infants. J Pediatr Orthop B. 1992;1:113–115. 

DOI: 10.1097/01202412-199201020-00005.

4.  Ulrikh EV. Abnormalities of the Spine in Children. St. Petersburg, 1995. In Russian.

5.  Ulrikh EV, Mushkin AYu. Surgical Treatment of Malformations of the Spine in 

Children. St. Petersburg, 2007. In Russian.

6.  Ulrikh EV, Vissarionov SV, Mushkin AYu. Surgery for congenital vertebral 

abnormalities using transpedicular fixation implants in infants. Hir. Pozvonoc. 

2005;(3):56-60. In Russian. https://doi.org/10.14531/ss2005.3.56-60.

7.  Ulrikh GE, Ulrikh EV, Kachalova EG, Ushakov AV. The effectiveness of new 

blood-saving techniques in pediatric spinal surgery. Hir. Pozvonoc. 2005;(1):95-99. In 

Russian. https://doi.org/10.14531/ss2005.1.95-99.

8.  Ulrikh GE. Blood saving in pediatric spinal surgery: literature review. Hir. Pozvonoc. 

2005;(1):91-94. In Russian. https://doi.org/10.14531/ss2005.1.91-94.

9.  Gubin AV, Ulrich EV, Ryabykh SO. Prospects of rendering care for the children 

of young and juvenile age with surgical pathology of the spine. Geniy ortopedii, 

2011;(2):123-127. In Russian.

10.  Ryabykh SO, Ulrikh EV. Transpedicular hemivertebra resection in children. Hir. 

Pozvonoc. 2013;(4):30-35. In Russian. https://doi.org/10.14531/ss2013.4.30-35.

11. Mushkin AYu, Gubin AV, Ulrich EV, Snischuk VP. A case study of occipital 

outgrowth: a rare suboccipital abnormality. Eur Spine J. 2016;25 Suppl 1:198–203. 

DOI: 10.1007/s00586-016-4389-4.

12. Pavlova OM, Ryabykh SO, Kozyrev DA, Gubin AV. Surgical treatment of tho-

racolumbar segmental spinal dysgenesis: optimal type of fusion. World Neurosurg. 

2017;106:551–556. DOI: 10.1016/j.wneu.2017.07.031.

13. Mushkin AYu, Naumov DG, Evseev VA. Multilevel spinal reconstruction in pedi-

atric patients under 4 years old with non-congenital pathology (10-year single-center 

cohort study). Eur Spine J. 2019;28:1035–1043. DOI: 10.1007/s00586-018-5756-0.

14. Ryabykh SO, Pavlova OM, Savin DM, Burtsev AV, Gubin AV. Surgical man-

agement of myelomeningocele-related spinal deformities. World Neurosurg. 

2018;112:e431–e441. DOI: 10.1016/j.wneu.2018.01.058.

15. Al Kaissi A, Ryabykh S, Pavlova OM, Ochirova P, Kenis V, Chehida FB, Gang-

er R, Grill F, Kircher SG. The managment of cervical spine abnormalities in children 

with spondyloepiphyseal dysplasia congenita: Observational study. Medicine (Balti-

more). 2019;98:e13780. DOI: 10.1097/MD.0000000000013780.

16. Mejabi JO, Sergeenko OM, MD, Ryabykh SO. Correction using halo gravity trac-

tion for severe rigid neuromuscular scoliosis: a report of three cases. Malays Orthop J. 

2019;13:49–53. DOI: 10.5704/MOJ.1903.010.

17.  Lebedeva MN. Massive blood loss as a risk factor in scoliosis surgery and ways for the 

problem solution. Hir. Pozvonoc. 2009;(4):70-79. In Russian. https://doi.org/10.14531/

ss2009.4.70-79.

18.  Lebedeva MN. Anesthetic protection at stages of surgical treatment of patients with 

severe spinal deformities: Abstract of DMSc Thesis. Novosibirsk, 2010. In Russian.

19.  Riabykh SO, Shusharina VL, Ochirova PV, Tret’iakova AN, Riabykh TV. 

Perioperative risk reduction for vertebrologic surgeries in patients with hereditary 

diseases of the connective tissue. Genij Orthopedii. 2015;(4):48-52. In Russian. https://

doi.org/10.18019/1028-4427-2015-4-48-52.

20. MacEwen GD, Winter RB, Hardy JH. Evaluation of kidney anomalies in congenital 

scoliosis. J Bone Joint Surg Am. 1972;54:1451–1454.

21. Winter RB, Moe JH, Wang JF. Congenital kyphosis: its natural history and treat-

ment as observed in a study of one hundred and thirty patients. J Bone Joint Surg Am. 

1973;55:223–256. DOI: 10.2106/00004623-197355020-00001.

22. McMaster MJ, Ohtsuka K. The natural history of congenital scoliosis. A study 

of two hundred and fifty-one patients. J Bone Joint Surg Am. 1982;64:1128–1147. 

DOI: 10.2106/00004623-198264080-00003.

23. Kawakami N, Tsuji T, Imagama S, Lenke LG, Puno RM, Kuklo TR. Classifica-

tion of congenital scoliosis and kyphosis: a new approach to the three-dimensional 

classification for progressive vertebral anomalies requiring operative treatment. Spine. 

2009;34:1756–1765. DOI: 10.1097/BRS.0b013e3181ac0045.

24. Ryabykh SO. The choice of surgical approach for congenital spinal deformity caused 

by multiple vertebral malformations. Hir. Pozvonoc. 2014;(2):21-28. In Russian. https://

doi.org/10.14531/ss2014.2.21-28.

25. Dubousset J, Charpak G, Dorion I, Skalli W, Lavaste F, Deguise J, Kalifa G, 

Ferey S. [A new 2D and 3D imaging approach to musculoskeletal physiology and 

pathology with low-dose radiation and the standing position: the EOS system]. Bull 

Acad Natl Med. 2005;189:287–297. In French.

26. Dubousset J, Charpak G, Skalli W, Deguise J, Kalifa G. EOS: a new imaging sys-

tem with low dose radiation in standing position for spine and bone & joint disorders. 

J Musculoskelet Res. 2010;13:1–12. DOI: 10.1142/S0218957710002430.

27. Diebo BG, Shah NV, Pivec R, Naziri Q, Patel A, Post NH, Assi A, Godwin EM, 

Lafage V, Schwab FJ, Paulino CB. From static spinal alignment to dynamic body 

balance: utilizing motion analysis in spinal deformity surgery. JBJS Rev. 2018;6(7):e3. 

DOI: 10.2106/JBJS.RVW.17.00189.

28. Dwyer AF, Newton NC, Sherwood AA. An Anterior Approach to Scoliosis: A Pre-

liminary Report. Clin Orthop Relat Res. 1969;62:192–202.

29. Zielke K, Berthet A. [VDS-ventral derotation spondylodesis-preliminary report on 

58 cases]. Beitr Orthop Traumatol. 1978;25:85–103. In German.

30. Cotrel Y, Dubousset J, Guillaumat M. New universal instrumentation in spinal sur-

gery. Clin Orthop Relat Res. 1988;227:10–23.

31. Roy-Camille R, Saillant G, Mazel C. Internal fixation of the lumbar spine with ped-

icle screw plating Clin Orthop Relat Res. 1986;(203):7–17.

32. Roy-Camille R, Saillant G, Mazel C. Plating of thoracic, thoracolumbar, and lumbar 

injuries with pedicle screw plates. Orthop Clin North Am. 1986;17:147–159.

33. Shono Y, Abumi K, Kaneda K. One-stage posterior hemivertebra resection and 

correction using segmental posterior instrumentation. Spine. 2001;26:752–757. 

DOI: 10.1097/00007632-200104010-00011.

34. Ruf M, Harms J. Hemivertebra resection by a posterior approach: inno-

vative operative technique and first results. Spine. 2002;27:1116–1123. 

DOI: 10.1097/00007632-200205150-00020.

35. Bollini G, Docquier PL, Viehweger E, Launay F, Jouve JL. Thoracolumbar hemi-

vertebrae resection by double approach in a single procedure: long-term follow-up. 

Spine. 2006;31:1745–1757. DOI: 10.1097/01.brs.0000224176.40457.52.

36. Akbarnia BA, Marks DS, Boachie-Adjei O, Thompson AG, Asher MA. Dual grow-

ing rod technique for the treatment of progressive early-onset scoliosis: a multicenter 

study. Spine. 2005:30(17 Suppl):S46–S57. DOI: 10.1097/01.brs.0000175190.08134.73.

37. Skaggs DL, Akbarnia BA, Flynn JM, Myung KS, Sponseller PD, Vitale MG. A clas-

sification of growth friendly spine implants. J Pediatr Orthop. 2014;34:260–274. DOI: 

10.1097/BPO.0000000000000073.

38. Campbell RM Jr, Hell-Vocke AK. Growth of the thoracic spine in congenital 

scoliosis after expansion thoracoplasty. J Bone Joint Surg Am. 2003;85:409–420. 

DOI: 10.2106/00004623-200303000-00002.

References



Hirurgia Pozvonochnika 2020;17(1):15–24 

22
Spine deformities

S.O. Ryabykh et al. Treatment of congenital spinal deformities in children: yesterday, today, tomorrow

39. Campbell RM Jr, Smith MD, Hell-Vocke AK. Expansion thoracoplasty: the surgi-

cal technique of opening-wedge thoracostomy. J Bone Joint Surg Am. 2004;86(Suppl 

1):51–64. DOI: 10.2106/00004623-200403001-00008.

40. Emans JB, Caubet JF, Ordonez CL, Lee EY, Ciarlo M. The treatment of spine 

and chest wall deformities with fused ribs by expansion thoracostomy and inser-

tion of vertical expandable prosthetic titanium rib: growth of thoracic spine and 

improvement of lung volumes. Spine. 2005;30(17 Suppl):S58–S68. DOI: 10.1097/01.

brs.0000175194.31986.2f.

41. Campbell RM Jr, Smith MD. Thoracic insufficiency syndrome and exotic scoliosis. 

J Bone Joint Surg Am. 2007;89 Suppl 1:108–122. DOI: 10.2106/JBJS.F.00270.

42. Guille JT, D’Andrea LP, Betz RR. Fusionless treatment of scoliosis. Orthop Clin 

North Am. 2007;38:541–545. DOI: 10.1016/j.ocl.2007.07.003.

43. Sankar WN, Skaggs DL, Yazici M, Johnston CE 2nd, Shah SA, Javi-

dan P, Kadakia RV, Day TF, Akbarnia BA. Lengthening of dual growing 

rods and the law of diminishing returns. Spine. 2011;36:806–809. DOI: 10.1097/

BRS.0b013e318214d78f.

44. Ouellet J. Surgical technique: modern Luque trolley, a self-growing rod technique. 

Clin Orthop Relat Res. 2011;469:1356–1367. DOI: 10.1007/s11999-011-1783-4.

45. Flynn JM, Emans JB, Smith JT, Betz RR, Deeney VF, Patel NM, Camp-

bell RM. VEPTR to treat nonsyndromic congenital scoliosis: a multicenter, 

mid-term follow-up study. J Pediatr Orthop. 2013;33:679–684. DOI: 10.1097/

BPO.0b013e31829d55a2.

46. Teoh KH, Winson DM, James SH, Jones A, Howes J, Davies PR, Ahuja S. 

Do magnetic growing rods have lower complication rates compared with con-

ventional growing rods? Spine J. 2016;16(4 Suppl):S40–S44. DOI: 10.1016/j.

spinee.2015.12.099.

47. Dubousset J. Three-dimensional analysis of the scoliotic deformity. In: Wein-

stein SL (ed). The Pediatric Spine: Principles and Practice. New York: Raven Press, 

1994:479–496.

48. Benzel EC. Biomechanics of Spine Stabilization. Third edition. Thieme, 2015. 

49. Bess S, Akbarnia BA, Thompson GH, Sponseller PD, Shah SA, El Sebaie H, 

Boachie-Adjei O, Karlin LI, Canale S, Poe-Kochert C, Skaggs DL. Complications 

of growing-rod treatment for early-onset scoliosis: analysis of one hundred and forty 

patients. J Bone Joint Surg Am. 2010;92:2533–2543. DOI: 10.2106/JBJS.I.01471.

50. Dimeglio A, Bonnel F. Le rachis en croissance: scoliose, taille assise et puberte. Paris, 

Berlin, Heidelberg: Springer-Verlag, 1990.

51. Motoyama EK, Yang CI, Deeney VF. Thoracic malformation with early-onset sco-

liosis: effect of serial VEPTR expansion thoracoplasty on lung growth and function in 

children. Paediatr Respir Rev. 2009;10:12–17. DOI: 10.1016/j.prrv.2008.10.004.

52. Yamaguchi KT Jr, Skaggs DL, Mansour S, Myung KS, Yazici M, Johnston C, 

Thompson G, Sponseller P, Akbarnia BA, Vitale MG. Are rib versus spine anchors 

protective against breakage of growing rods? Spine Deform. 2014;2:489–492. 

DOI: 10.1016/j.jspd.2014.08.007.

53. Tis JE, Karlin LI, Akbarnia BA, Blakemore LC, Thompson GH, McCarthy RE, 

Tello CA, Mendelow MJ, Southern EP. Early onset scoliosis: modern treatment and 

results. J Pediatr Orthop. 2012;32:647–657. DOI: 10.1097/BPO.0b013e3182694f18.

54. Yang JS, McElroy MJ, Akbarnia BA, Salari P, Oliveira D, Thompson GH, Emans 

JB, Yazici M, Skaggs DL, Shah SA, Kostial PN, Sponseller PD. Growing rods for 

spinal deformity: characterizing consensus and variation in current use. J J Pediatr 

Orthop. 2010:30:264–270. DOI: 10.1097/BPO.0b013e3181d40f94.

55. Schwab F, Blondel B, Chay E, Demakakos J, Lenke L, Tropiano P, Ames C, 

Smith JS, Shaffrey CI, Glassman S, Farcy JP, Lafage V. The comprehensive ana-

tomical spinal osteotomy classification. Neurosurgery. 2014;74:112–120. DOI: 10.1227/

NEU.0000000000000182o.

56. Shono Y, Abumi K, Kaneda K. One-stage posterior hemivertebra resection and 

correction using segmental posterior instrumentation. Spine. 2001;26:752–757. 

DOI: 10.1097/00007632-200104010-00011.

57.  Ryabykh SO, Filatov EYu, Savin DM. Results of hemivertebra excision through 

combined, posterior and transpedicular approaches: systematic review. Hir. Pozvonoc. 

2017;14(1):14-23. In Russian.

58.  Ryabykh SO, Filatov EYu, Savin DM. Three column vertebrectomy outside the apical 

zone as a method for correction of cervicothoracic junction deformities: analysis of 

clinical series and literature data. Hir. Pozvonoc. 2017;14(3):15-22. In Russian.

59.  Mushkin AYu, Naumov DG, Umenushkina EYu. Thoracic and lumbar hemivertebra 

excision in pediatric patients: how does the operation technique influence on 

outcomes? (sohort analysis and literature review). Travmatologiya i ortopediya Rossii. 

2018;24(3):83-90 In Russian. https://doi.org/10.21823/2311-2905-2018-24-3-83-90.

60. 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. https://doi.org/10.14531/ss2018.2.33-38.

61. Hu X, Ohnmeiss DD, Lieberman IH. Use of an ultrasonic osteotome device in 

spine surgery: experience from the first 128 patients. Eur Spine J. 2013;22:2845–2849. 

DOI: 10.1007/s00586-013-2780-y.

62. Bartley CE, Bastrom TP, Newton PO. Blood loss reduction during surgical correc-

tion of adolescent idiopathic scoliosis utilizing an ultrasonic bone scalpel. Spine Deform. 

2014;2:285–290. DOI: 10.1016/j.jspd.2014.03.008.

63. Reames DL, Smith JS, Fu KM, Polly DW Jr, Ames CP, Berven SH, Perra JH, 

Glassman SD, McCarthy RE, Knapp RD Jr, Heary R, Shaffrey CI. Complica-

tions in the surgical treatment of 19,360 cases of pediatric scoliosis: a review of the 

Scoliosis Research Society Morbidity and Mortality database. Spine. 2011;36:1484–1491. 

DOI: 10.1097/BRS.0b013e3181f3a326.

64. Sloan TB, Heyer EJ.  Anesthesia for intraoperative neurophysiolog-

ic monitoring of the spinal cord. J Clin Neurophysiol. 2002;19:430–443. 

DOI: 10.1097/00004691-200210000-00006.

65. Devlin VJ, Schwartz DM.  Intraoperative neurophysiologic monitor-

ing during spinal surgery. J Am Acad Orthop Surg. 2007;15:549–560. 

DOI: 10.5435/00124635-200709000-00005.

66. Skripnikov AA, Saiphutdinov MS, Ryabykh SO, Krivoruchko GA, Shein AP. 

Rating of intra-operative neuro-monitoring results in operative corretion of the spinal 

deformities.Travmatologiya i ortopediya Rossii. 2015(4):37-45. In Russian.

67.  Sayfutdinov MS, Ryabykh SO.  Neurophysiological control of somat-

ic motor system functional status during treatment of patients with spinal defor-

mity. Nevrologicheskiy Zhurnal. 2018;23(5):248-258. In Russian. https://doi.

org/10.18821/1560-9545-2018-23-5-248-258.

68. Bracken MB, Shepard MJ, Collins WF, Holford TR, Young W, Baskin DS, 

Eisenberg HM, Flamm E, Leo-Summers L, Maroon J, Marshall LF, Perot PL Jr, 

Piepmeier J, Sonntag VK, Wagner FC, Wilberger JE, Winn HR. A randomized, 

controlled trial of methylprednisolone or naloxone in the treatment of acute spinal-

cord injury: results of the Second National Acute Spinal Cord Injury Study. N Engl J Med. 

1990;322:1405–1411. DOI: 10.1056/NEJM199005173222001.

69. Bracken MB, Shepard MJ, Holford TR, Leo-Summers L, Aldrich EF, Fazl M, Feh-

lings M, Herr DL, Hitchon PW, Marshall LF, Nockels RP, Pascale V, Perot PL Jr, 

Piepmeier J, Sonntag VK, Wagner F, Wilberger JE, Winn HR, Young W. Admin-

istration of methylprednisolone for 24 or 48 hours or tirilazad mesylate for 48 hours 

in the treatment of acute spinal cord injury. Results of the Third National Acute Spi-

nal Cord Injury Randomized Controlled Trial. National Acute Spinal Cord Injury Study. 

JAMA. 1997;277:1597–1604. DOI: 10.1001/jama.277.20.1597.

70. Cheh G, Lenke LG, Padberg AM, Kim YJ, Daubs MD, Kuhns C, Stobbs G, 

Hensley M. Loss of spinal cord monitoring signals in children during thoracic kypho-



Hirurgia Pozvonochnika 2020;17(1):15–24 

Spine deformities

23

S.O. Ryabykh et al. Treatment of congenital spinal deformities in children: yesterday, today, tomorrow

Sergey Olegovich Ryabykh, DMSc, Head of the Clinic of Spine Pathology and Rare Diseases, AOSpine RF Education Officer Ortho, Russian Ilizarov Scientific Center for 

Restorative Traumatology and Orthopaedics, 6 Marii Ulyanovoy str., Kurgan, 640014, Russia, ORCID 0000-0002-8293-0521, rso_@mail.ru;

Eduard Vladimirovich Ulrikh, MD, DMSc, Prof., St. Petersburg State Pediatric Medical University, 2, Litovskaya str., St. Ptersburg, 194100, Russia, ORCID: 0000-

0002-4741-7300, ulrih05@rambler.ru;

Aleksandr Yuryevich Mushkin, DMSc, Prof., chief researcher, Head of Clinic of Pediatric Surgery and Orthopedics, Head of the Scientific and Clinical Centre for Spinal 

Pathology, Coordinator of the «Extrapulmonary Tuberculosis» research direction, post-chairman of AOSpine RF, St. Petersburg Research Institute of Phthisiopulmon-

ology, 2–4 Ligovsky prospekt, St. Petersburg, 191036, Russia, ORCID: 0000-0002-1342-3278, aymushkin@mail.ru;

Alexandr Vadimovich Gubin, DMSc, Director, AOSpineRF Education Officer Ortho, chairman of AOSpine RF, Russian Ilizarov Scientific Center for Restorative Trau-

matology and Orthopaedics, 6 Marii Ulyanovoy str., Kurgan, 640014, Russia, ORCID: 0000-0003-3234-8936, shugu19@gubin.spb.ru.

sis correction with spinal osteotomy: why does it occur and what should you do? Spine. 

2008;33:1093–1099. DOI: 10.1097/BRS.0b013e31816f5f73.

71. Cheung V, Hoshide R, Bansal V, Kasper E, Chen CC. Methylprednisolone in the 

management of spinal cord injuries: Lessons from randomized, controlled trials. Surg 

Neurol Int. 2015;6:142. DOI: 10.4103/2152-7806.163452.

72. Sucato DJ. Management of severe spinal deformity: scoliosis and kyphosis. Spine. 

2010;35:2186–2192. DOI: 10.1097/BRS.0b013e3181feab19.

73.  Ryabykh SO, Mushkin AYu, Savin DM. Vertebral syndrome in consequences of spina 

bifida: clinical features and treatment. Hir. Pozvonoc. 2018;15(4):107-114. In Russian. 

https://doi.org/10.14531/ss2018.4.107-114.

Address correspondence to:
Ryabykh Sergey Olegovich
Russian Ilizarov Scientific Center for Restorative  
Traumatology and Orthopaedics,
6 Marii Ulyanovoy str., Kurgan, 640014, Russia,
rso_@mail.ru

Received 13.09.2019

Review completed 10.10.2019

Passed for printing 14.10.2019



Hirurgia Pozvonochnika 2020;17(1):15–24 

24
Spine deformities

S.O. Ryabykh et al. Treatment of congenital spinal deformities in children: yesterday, today, tomorrow


