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Introduction. Analysis of the modern literature shows that the number of children complaining of low back pain of 
varying intensity in the spine increases annually. Publications on the surgical treatment of juvenile osteochondrosis 
were scarce. Currently, there are no algorithms for choosing a surgical treatment for children and adolescents with 
lumbar spine pathology, particularly high-grade listhesis, methods and terms of surgical treatment, and the use of 
reduction maneuvers remain debatable. There are no high-quality evidence studies.
Aim. This study aimed to summarize the experience of treatment of children and adolescents with pathology of the 
lower lumbar spine.
Material and methods. We performed a retrospective analysis of the treatment outcomes in patients with lower lumbar 
spine pathology who were younger than 18 years and who underwent surgery in the Neurosurgical Department No. 2 
of the Tsiv’yan Novosibirsk Research Institute of Traumatology and Orthopedics between 2008 and 2018. The mean age 
of the patients was 15.5 years. We structured pathologies and interventions in children and adolescents and evaluated 
the clinical and radiological outcomes of treatment and the rate of intraoperative and postoperative complications.
Results and discussion. From 2008 to 2018, 11,428 patients with degenerative spine disease and isthmic/dysplastic 
spondylolisthesis underwent surgery at the Neurosurgical Department No. 2. Of these, 55 (0.5%) patients were younger 
than 18 years. In all patients, surgical treatment led to pain relief and physical activity recovery. Decompression/
stabilization surgery through the posterior approach enabled formation of an artificial block in 100% of cases. The 
rate of surgical treatment complications was 8.6% and 28.6% in children and adolescents with herniated lumbar 
intervertebral discs and spondylolisthesis, respectively.
Conclusion. Surgical treatment of children and adolescents with pathology of the lower lumbar spine demonstrated an 
excellent clinical outcome. Disc herniation did not recur 4.9 years after decompression surgery for herniated lumbar 
intervertebral discs. Decompression/stabilization surgery through the posterior approach in children and adolescents 
with spondylolisthesis facilitated abolition of pain, regression of neurological disorders, full recovery of physical activity, 
and formation of a reliable artificial block. Potential complications were resolved without consequences and did not 
downplay the importance of surgical techniques in the treatment of this group of patients.

Keywords: juvenile osteochondrosis; spondylolisthesis; protrusion; lumbar disc herniation; spondyloarthrosis; 
microdiscectomy; fusion.
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Введение. Анализ современной литературы показывает, что количество детей, обращающихся с жалобами на 
боли в позвоночнике различной интенсивности, увеличивается с каждым годом. Публикаций, посвященных 
хирургическому лечению ювенильного остеохондроза, немного. В настоящее время нет алгоритмов выбора 
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метода хирургического лечения детей и подростков с патологией поясничного отдела позвоночника, особенно 
листезов высокой степени, остаются дискуссионными способы и сроки хирургического лечения, использование 
редукционных маневров, отсутствуют исследования высокой степени достоверности. 
Цель — обобщить опыт лечения детей и подростков с патологией нижнепоясничного отдела позвоночника.
Материал и методы. Проведен ретроспективный анализ результатов лечения пациентов с патологией 
нижнепоясничного отдела позвоночника в возрасте до 18  лет, прооперированных в нейрохирургическом 
отделении № 2  ФГБУ «ННИИТО им. Я.Л. Цивьяна» за 2008–2018  гг. Средний возраст пациентов составил 
15,5  года. Проведена структуризация патологий и выполненных вмешательств детям и подросткам. Оценены 
клинико-рентгенологические результаты лечения, частота интра- и послеоперационных осложнений.
Результаты и их обсуждение. В период с 2008 по 2018 г. в нейрохирургическом отделении № 2 прооперированы 
11 428  пациентов с дегенеративными заболеваниями позвоночника и спондилолистезами (истмическим, 
диспластическим), из них 55 были в возрасте до 18 лет (0,5 %). Хирургическое лечение во всех случаях привело 
к купированию болевого синдрома и восстановлению физической активности пациентов. Формирование 
артифициального блока после декомпрессивно-стабилизирующих вмешательств из заднего доступа достигнуто 
в 100 % случаев. Частота осложнений при хирургическом лечении детей и подростков с грыжами поясничных 
межпозвонковых дисков и спондилолистезом составила 8,6 и 28,6 % соответственно.
Заключение. Хирургическое лечение детей и подростков с патологией нижнепоясничного отдела позвоночника 
показывает отличный клинический результат. Через 4,9 года после декомпрессивных операций по поводу грыжи 
поясничных межпозвонковых дисков рецидив грыжи диска ни в одном случае не выявлен. Декомпрессивно-
стабилизирующие вмешательства из заднего доступа у детей и подростков со спондилолистезом способствуют 
купированию болевого синдрома, неврологических расстройств, полному восстановлению физической 
активности и формированию надежного артифициального блока. Возникающие осложнения купируются без 
последствий и не умаляют достоинства хирургических методов лечения данной категории пациентов.

Ключевые слова: ювенильный остеохондроз; спондилолистез; протрузия; грыжа поясничных межпозвонковых 
дисков; спондилоартроз; микродискэктомия; межтеловой спондилодез.

introduction

Analysis of has shown that the number of 
children who complain of pain of varying intensity 
in the spine increases yearly. The incidence of 
Perthes disease has recently increased. According 
to a panel of authors, the incidence of lumbodynia 
in children and adolescents ranges from 10% to 
30% [1]. Back pain is fairly prevalent in adolescents 
aged 13–15 years [2].

Yang et al. analyzed the data of adolescents aged 
10–19 years who sought back pain treatment from 
2007 to 2010. In 80.3% of cases, the causes of lum-
bodynia have not been identified as of yet. In  the 
remaining cases, distortion of the musculo-liga-
mentous apparatus (muscle spasm in 8.9%), scolio-
sis (4.7%), degenerative lesions of the lumbar spine 
(1.7%), and lumbar disk hernia (1.3%) were diag-
nosed. The frequency of other diseases, including 
spondylolysis, spondylolisthesis, infection, tumor, 
and fracture, was less than 1% [3]. Generally, spon-
dylolisthesis (especially stages 1–2) does not mani-
fest clinically in children [4, 5]. Nonetheless, studies 
have demonstrated that the frequency of symptom-
atic spondylolisthesis in children amounts to 5% [6]. 
According to other authors, scoliosis serves as the 
primary cause of pain syndrome in adolescents [7].

Various studies have indicated that herniated 
lumbar intervertebral disk occurs in 0.1%–0.4% 
of children and adolescents [8, 9]. Potential risk 
factors for disk herniation in children include 
injuries (most often sports, weight lifting, falling), 
genetic predisposition, and impaired develop-
ment of the spine [10–12]. The principles of 
diagnostics and conservative therapy in children 
and adolescents do not differ from those in adults. 
However, the effectiveness of conservative therapy 
in children is relatively low [9]. Surgical treatment 
shows excellent results and minimal risk of 
complications [13–15].

In children and adolescents, spondylolisthesis 
is registered in 2.4%–6.0% of the cases [16]. In 
children under the age of 1, spondylolisthesis 
may not manifest. Between the ages of 5–7, the 
incidence of spondylolisthesis is about 5%, and this 
incidence rate can increase slightly, where it reaches 
6% by the age of 18. A high degree of dysplastic 
spondylolisthesis, as described by Marchetti and 
Bartolozzi, is observed in 1% of spondylolisthesis 
cases [17]. It has been shown that spondylolisthesis 
is three times more common in boys than in 
girls [18]. The primary complaint of children and 
adolescents with spondylolisthesis is pain in the 



ORiGinAl PAPERS 39

 Pediatric Traumatology, Orthopaedics and Reconstructive Surgery. Volume 6. issue 4. 2018

lumbar spine. In some cases, compression syndrome 
or neurological disorders are observed.

Literature data has indicated the advantage of 
surgical treatment methods for the progression of 
listhesis and the appearance of radicular syndrome 
and/or neurological disorders [17, 19–24]. With 
regard to the frequency and efficiency of the 
treatment of spondylolisthesis, including scoliosis in 
children and adolescents, M.V.  Mikhailovsky et al. 
revealed that revealed that non-surgical treatment 
for spondylolisthesis of 1–2 degrees did not affect the 
quality of life of patients, and surgical treatment over 
long-term periods could provide a greater analgesic 
effect, with lesser risk of complications  [25].

To date, the surgical treatment of high-grade 
spondylolisthesis is of utmost priority. The algorithm 
for choosing an effective method of surgical 
treatment has not been developed. In addition, 
the current methods of surgical treatment and 
the use of reduction maneuvers remain debatable, 
and there are no high-quality studies [22,  26,  27]. 
Several methods of surgical treatment for high-
grade spondylolisthesis have been proposed, 
namely, posterior spondylosyndesis with an auto-
bone in situ (Wiltse technique), instrumental in situ 
fixation of posterior spondylosyndesis with an 
auto-bone, corrective interbody fusion (according 
to Dubousset)  [28], reduction of vertebra with 
interbody fusion, including an overlying seg-
ment with transpedicular fixation, and transsacral 
screw in situ fixation [29, 30]. A.P. Palejwala 
presents a case of transsacral transpedicular 
in  situ fixation in a 12-year-old adolescent with 
degree 4 spondylolisthesis [31]. In situ fixations 
are recommended for maintaining the parameters 
of the sagittal balance [32]. In the case of surgical 
treatment of 12 adolescents with high degree of 
L5 vertebra listhesis, posterior interbody fusion 
of the overlying segment and reduction of the L5 
vertebra were performed. Following the treatments, 
the pain syndrome regressed, and no complications 
were identified. Moreover, radiological studies show 
that the angular parameters and the spinal-pelvic 
relationships have improved [33].

The decompressive-stabilizing intervention 
with screw fixation and the use of reduction 
maneuvers can restore the segmental lordosis and 
spinal-pelvic relationships as well as improve the 
formation of the artifactual block [34, 35]. However, 
reduction methods may lead to neurological type 

of complications, [32, 36] where the frequency of 
persistent neurological complications amounts to 
2.75% (0%–14%). Besides, complications occur 
in 0.47% (0%–4%) of in situ fixation cases 37]. 
Hence, the intraoperative use of neurophysiological 
monitoring has been recommended to prevent 
neurological complications. Nakamae et al. [38] 
performed a decompressive-stabilizing intervention 
with full reduction from the posterior approach 
under neurophysiological monitoring. There were 
no complications observed during the postoperative 
period. On the other hand, reducing maneuvers are 
associated with uneven and excessive distribution 
of biomechanical loads on the adjacent segment. 
Hence, the use of the reduction maneuvers should 
be combined with the extension of screw fixation 
into the pelvis [39].

There have been several studies published 
on the surgical treatment of Perthes disease; 
however, there is no study that investigates the 
efficiency of radiofrequency denervation of the 
zygapophysial  joints and cold plasma coblation of 
the intervertebral disk in various manifestations 
of this condition. Given the alarming trend of 
degenerative diseases developing in adolescents, 
we suggest that radiofrequency denervation of 
the zygapophysial joints and coblation should be 
implemented in their treatment.

Given the above, the present study aimed to 
summarize the experience and study the efficiency 
of the surgical treatment for various pathologies of 
the lower lumbar spine in children and adolescents.

material and methods

A retrospective analysis was performed on 
11,428 patients with degenerative diseases and 
spondylolisthesis (isthmic, dysplastic). From 2008 
to 2018, these patients were operated upon in the 
neurosurgical department No. 2 of the Tsivyan 
Novosibirsk Research Institute of Traumatology and 
Orthopedics. Patients under the age of 18 constituted 
0.5% of the studied group (n = 55). Descriptive 
statistics were used to describe the indicators 
collected during the study period. The  mean 
value (M) and the standard error of the mean (m) 
were calculated to indicate the age of patients. All 
calculations were made using Microsoft Excel 2016. 
The distribution of patients according to nosology 
is presented in Table 1.
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Twenty-three patients under the age of 18 
(mean age 15.8 years) were operated on herniation 
of intervertebral disk (IVD). upon admission to 
the clinic, all patients developed radicular pain 
syndrome. Among the patients, 4 patients (17.4%) 
had neurological disorders. In all cases, conservative 
treatment was ineffective.

Three patients were diagnosed with facet 
syndrome resistant to conservative treatment. 
Spondylarthrosis in the patients was verified by 
MRI. Subsequently, these patients were subjected 
to radiofrequency denervation of the zygapophysial 
joints. The average age of patients ranged from 
14.6 years (in patients with dysplastic listhesis) 
to 16.3 years (in patients with protrusions and 
spondylarthrosis). In 8 patients, the protrusion of 
IVD was the cause of the pain syndrome. Twenty-

one patients were operated on for isthmic (16) and 
dysplastic (5) spondylolisthesis.

The types of surgery are summarized in Table 2. 
MRI (as the primary diagnostic method) and radio-
graphy of the lumbar spine in two views with 
functio nal tests were conducted. Also, multislice 
spiral computed tomography (MSCT) of the lumbar 
spine and radiography of the spine with hip joints 
in step mode were performed on patients with 
spondylolisthesis.

results and discussion

All patients with hernias of lumbar IVD had 
complete regression of radicular symptoms during 
the postoperative period. Neurological impairment 
was completely rectified within 1 year following 

Table 1
the distribution of patients according to nosology

Nosology Number  
of patients Age, years (М ± m)

Gender
Male, n (%) Female, n (%)

IVD protrusion 8 16.3 ± 0.57 3  (37.8) 5  (62.2)
Disk herniation 23 15.8 ± 0.33 8  (34.8) 15  (65.2)
Spondylarthrosis 3 16.3 ± 1.1 1  (33.3) 2  (66.7)
Dysplastic spondylolisthesis 5 14.6 ± 0.8 2  (40) 3  (60)
Isthmic spondylolisthesis 16 14.8 ± 0.4 9  (56.3) 7  (43.7)
Total 55 15.5 ± 0.2 23  (41.8) 32  (58.2)

Note. IVD — intervertebral disk. 

Table 2
surgical interventions performed on children and adolescents in the clinic

Methods of surgical treatment Nosology Quantity,  
n

Age, years, 
М ± m

Gender
Male,  
n (%)

Female,  
n (%)

Radiofrequency denervation Spondyloarthrosis 3 16.3 ± 1.1 1 (33.3) 2 (66.7)
Cold plasma nucleoplasty IVD protrusion 7 16.4 ± 0.6 3 (42.8) 4 (57.2)
Microdiscectomy Disk herniation 6 16.3 ± 0.7 4 (66.7) 2 (33.3)
Posterior decompression, TPF, interbody 
fusion (posterior, transforaminal)

Spondylolisthesis, 
herniated disk in one case

22 14.8 ± 0.3 11 (50) 11 (50)

Endoscopic excision of a herniated disk Disk herniation 3 14.3 ± 0.9 1 (33.3) 2 (66.7)
Medical dereception of IVD IVD protrusion 1 15 – 1 (100)
Excision of a herniated disk, dynamic 
interspinal fixation (DIAM, Coflex)

Disk herniation 12 15.8 ± 0.5 3 (25) 9 (75)

Excision of a herniated disk, grafting 
of the defect of the fibrous ring with 
implant Barricaid

Disk herniation 1 17 – 1 (100)

Total 55 15.5 ± 0.2 23 (41.8) 32 (58.2)

Note. IVD — intervertebral disk; TPF — transpedicular fixation.
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the surgery. Recurrence of a herniated disk was 
not detected in any case within 4.9 years after the 
surgery (from 1 to 10 years). In one case, taking 
into account the median herniation of the disk 
along with the spinal stenosis, decompression, 
transforaminal interbody fusion, and transpedicular 
fixation were performed. The detailed results of 
this combination treatment were described in the 
multicenter work of A.A. Kuleshov et al. [40].

In the 3 patients who underwent radiofrequency 
denervation showed persistent clinical results, pain 
syndrome was relieved and physical activity restored. 
So far, there has been no study that has examined 
the efficacy of radiofrequency denervation in 
patients younger than 18 years old. Due to the high 
prevalence of degenerative diseases in adolescents, 
we surmised that radiofrequency denervation will 
be a popular choice of treatment.

Coblation was performed on 8 adolescents (ave-
rage age 16.3 years). Pain syndrome was rectified 
only in 50% of the patients. In a patient persistent 
radicular symptoms manifested 8 months after the 
coblation; henceforth, the patient was subjected to 
further microdiscectomy In the remaining 3 patients, 
pain syndrome decreased slightly or persisted; 
therefore, conservative treatment was performed to 
alleviate it. In the literature, we have not found any 
studies that have assessed the efficiency of coblation 
in adolescents.

In the present paper, we aimed to analyze the 
results of surgical treatment of 21 adolescents with 
spondylolisthesis. In all cases, the indications for 
surgery were pain syndrome and/or neurological 
disorders and progression of dislocation according 
to radiological studies.

Patients mainly had isthmic (16) and dys-
plastic  (5) spondylolisthesis. The average age of 
patients was 15.8 years; there were 11 boys and 
10 girls (Table 3).

Spondylolisthesis, especially a high degree one, in 
children and adolescents requires complex surgical 
techniques. The main purpose of the surgery is 
to arrest pain and/or neurological disorders. The 
restoration of the vertebral-pelvic relationship 
and the formation of artifactual block are of great 
importance [41, 42, 19]. According to different 
authors, the frequency of fusion after surgery is 
97.6% (81%–100%) [17, 36, 43]. In our series, after 
2.5  years (from 12 to 40 months), formation of an 
artifactual bone block was revealed in all cases.

Reduction maneuvers were applied in all 
patients; in 14 cases, a full reduction was achieved, 
and in 7 cases, a partial reduction was achieved. 
In  these patients, further reduction was not 
performed due to the high risk of neurological 
complications. S.V.  Vissarionov et al. has reported 
on surgical treatment for L5 spondylolisthesis in 
children (n = 48). In all cases, surgical treatment 
was performed with posterior approach and resulted 
in pain relief. With the degrees 1–3, complete 
reduction of the vertebra was achieved [1].

Clinical case

Patient B., 11 years old, was admitted to the 
clinic with a complaint about pain in the lumbar 
spine, with irradiation to the lower extremities 
along the outer surfaces of thighs and legs.

According to the radiological data of the 
lumbar spine, spondylolisthesis of degree 2 L5 was 

Table 3 
characteristics of patients with spondylolisthesis

Spondylolisthesis Degree Quantity, 
n

Age, years
(М ± m)

Gender
Male, n

(%)
Female, n

(%)
Isthmic 1 6 15.8 ± 0.7 4 (66.7) 2 (33.3)

2 5 15.4 ± 0.8 3 (60) 2 (40)
3 2 12 ± 1.6 1 (50) 1 (50)
4 3 14 ± 0.7 1 (33.3) 2 (66.7)

Dysplastic 2 2 15 ± 1.3 – 2 (100)
3 1 15 1 (100) –
4 1 15 1 (100) –
5 1 13 – 1 (100)
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detected (Fig. 1). As observed on the MSCT of the 
lumbar spine (see Fig. 1), there was a congenital 
malformation, a bilateral slit-like bone defect in 
the inter-articular part of the L5 arch. Spina bifida 
posterior of L5. True spondylolisthesis of L5 of the 
degree 2. Deformity of the intervertebral disk L5–S1 
and the cranial part of the body S1.

After clinical, neurological, and instrumental 
examinations, diagnoses of dysplastic spondylo-
listhesis of L5 of degree 2 (44%), bilateral foraminal 
stenosis of L5–S1, segmental instability of L5–S1, 
bilateral dynamic compression syndrome of L5 
roots, and lumbodynia syndrome were established.

Considering the persistent pain syndrome after 
the conservative treatment and progressive nature 
of spondylolisthesis of L5, the following surgical 
intervention was performed: L5 laminectomy, 
microsurgical decompression of the spinal cord 
roots, complete reduction of the L5 vertebra, 
transpedicular fixation of the L5–S1 with additional 
fixation in the pelvic bone, and posterior interbody 
fusion of L5–S1. The duration of the surgery was 
355 mins; the volume of blood lost was 800 ml. 
The patient was activated on the day 2 after surgery. 
During the postoperative period, the radicular 
pain syndrome had regressed completely, and no 
neurological disorders were detected. According 
to the control radiography, the restoration of the 
anatomical relationship of the vertebrae was noted. 
The position of the screws and implants was correct 
(Fig. 2). During the follow-up period, the patient 

Fig. 1. MSCT of the lumbar spine before surgery

Fig. 2. Radiography of the lumbar spine in two views 
immediately after the surgery

Fig. 3. MSCT of the lumbar spine 1.5 years after the 
surgery
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had no complaints. After 1.5 years, MSCT revealed 
the formation of a reliable artifactual block, and the 
integrity of the surgical hardware was preserved 
(Fig. 3).

Complication

In children and adolescents with degenerative 
diseases of the lower lumbar spine, operation by 
using minimally invasive methods did not result 
in complications. In the 2 patients with herniated 
lumbar intervertebral disks, one manifested 
epidural hematoma and another had dura mater 
(DM) damage (Table 4). Given the point nature of 
damage to the DM, grafting was not performed. 
During the postoperative period, no liquorrhea was 
observed. According to the literature, the incidence 
of intraoperative DM damage in children and 
adolescents ranges from 1% to 5% [44, 45].

In the early postoperative period after hernia 
excision of the L4–L5 disk, a patient manifested 
radicular symptoms in the form of pain on the 

outer surface of the thigh and lower leg and 
weakness of the flexors and extensors of the foot. 
MRI data revealed that epidural hematoma was 
causing a  compression of the dural sac; therefore, 
the surgery was repeated, and hematoma was 
excised. During the postoperative period, the 
radicular symptoms had regressed and the 
neurologic impairment completely stopped within 
3 months. Besides, there are studies that describe 
surgical site infections (SSI) after the excision of 
herniated disk in children. Cahill at al. revealed 
SSI in 1 out of 87 operated patients [44]. There 
are cases of aggravation of neurologic impairment 
in the early postoperative period, recurrent disk 
herniation, and reflex urinary retention [24, 46, 47]. 
However, recurrence of herniated disk in our series 
was not observed. According to some authors, the 
recurrence rate is about 3.3% [47].

In a retrospective work by Huynh et al., the results 
of surgical treatment of children and adolescents 
with spondylolisthesis and/or stenosis (group A) 
and hernias of lumbar intervertebral disks (group B) 

Table 4 
the frequency and structure of the complications

Nosology

Complications
Q-ty  

of cases % Treatment OutcomeIntra-
operative

Postoperative

early late

Disk 
herniation

Damage  
to DM

– – 1 4.3 Considering the 
small size of the 
defect, grafting was 
not performed

Favorable

– Epidural 
hematoma

– 1 4.3 Repeated surgery, 
excision of 
hematoma

Favorable

Total for hernias 2 8.6 Situational Favorable

Spondylo-
listhesis

Injury  
of DM

– – 1 4.8 Suturing the defect Favorable

Radiculo-
pathy of L5

– – 2 9.5 Conservative 
treatment

In one case it was 
favorable, in an-
other case there was 
a moderate neuro-
logic impairment

– Post-hemor-
rhagic ane-
mia of mode-
rate severity

– 2 9.5 Blood transfusion 
in one case, and 
symptomatic therapy 
in another case

Favorable

– – Transverse 
fracture of 
S1–S2

1 4.8 Bed rest for 
2 months, then spi-
nal support therapy 
for 4 months

Favorable, 
consolidation

Total with spondylolisthesis 6 28.6 Situational Favorable

Note. IVD — intervertebral disk; DM — dura mater.
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were compared. It was found that the frequency of 
complications in group A was significantly higher 
(18.1% and 5.3%, p < 0.0001) than that of group B. 
In patients with spondylolisthesis and/or stenosis, 
more bed-days, complications, and costs were 
noted  [48].

The present study shows that the incidence 
rate of complication in the treated patients was 
28.6% (Table 4). Jalanko et al. reported 21% 
of complications in the surgical treatment of 
spondylolisthesis in children and adolescents. The 
main complications are infectious and neurological 
[49, 50]. Intraoperative complications were obser-
ved in 3 cases. In one patient, the DM injury was 
recorded, due to which the defect was sutured. 
Neurological impairment associated with tension of 
the nerve roots occurred in 2 patients. Neurological 
complications occur during reduction maneuvers, 
and their frequency can reach up to 30% [20, 51–53]. 
In the early postoperative period, moderate post-
hemorrhagic anemia was diagnosed in 2 patients.

Late complications occurred in one case. Two 
weeks after the surgery, severe sacrum pain occurred 
in the patient. According to radiological studies, the 
patient was diagnosed with a lateral S1–S2 fracture. 
Symptomatic treatment was performed. Bed rest 
for 2 months, and subsequent spinal assistant 
therapy for 4 months have shown a favorable 
outcome. Fracture area was consolidated. In high-
grade spondylolisthesis, it is advisable to combine 
the reduction maneuvers with the extension of 
lumbosacral fixation more caudally than S1 [39]. In 
our series of infectious complications, there are no 
cases of pseudoarthrosis, migration, or violation of 
the integrity of the surgical hardware.

It should be noted that all complications were 
recorded in listhesis of grade 3 or more. In 4 cases, 
we used neurophysiological monitoring. In these 
patients, the degree of reduction is dependent on 
the neurophysiological monitoring results. With 
a  decrease in induced potentials, the reduction was 
stopped and fixed in the reached position. None 
of these patients had neurological disorders in the 
postoperative period.

Conclusion

Surgical treatment of children and adolescents 
with herniated lumbar intervertebral disks leads to 
a complete regression of radicular symptoms and 

neurological disorders as well as functional recovery.
Facet syndrome due to spondyloarthrosis of 

the lower lumbar segments of the spine can occur 
in adolescents. Radiofrequency denervation is 
a preferred treatment method in case of failure 
of conservative therapy. The effect of coblation 
of the intervertebral disk is comparable to that 
of conservative treatment methods; therefore, 
preference should be given to the latter.

The frequency of complications with surgical 
treatment of spondylolisthesis in children and 
adolescents directly depends on the reduction 
maneuvers. This procedure should be performed 
under neurophysiological monitoring. Regardless of 
the frequency of complications (28.6%), the outcome 
of surgical treatment of children and adolescents 
with spondylolisthesis is favorable.

additional information

Source of funding. The study had no sponsor-
ship.

Conflict of interest. The authors declare no 
conflict of interest.

Ethical review. Materials, methods, research 
design were discussed and approved by the ethical 
committee of the Tsivyan Novosibirsk Research 
Institute of Traumatology and Orthopedics (Minutes 
No. 060/18 dated 13.11.2018).

Contribution of the authors
A.V. Krutko performed surgical treatment of the 

patients, formulated the aim, design, and conclu-
sions.

A.D. Sanginov was engaged in literature review, 
data collection and analysis, article design.

M.B. Giers was involved in design consultancy, 
literature review.

A.A. Alshevskaya performed data analysis, veri-
fication of formal aspects.

A.V. Moskalev performed data analysis, verifica-
tion of formal aspects.

references

1. Виссарионов С.В., Мурашко В.В., Белянчиков С.М., 
и др. Хирургическое лечение спондилолистеза L5 
позвонка у детей. Возможности заднего доступа // 
Ортопедия, травматология и восстановительная 
хирургия детского возраста. – 2014. – Т. 2. – № 3. – 
С. 24–33. [Vissarionov SV, Murashko VV, Belyan-
chikov  SM, et al. Surgical treatment of L5-spondylo-
listhesis vertebrae in children. Benefits of posterior 



ORiGinAl PAPERS 45

 Pediatric Traumatology, Orthopaedics and Reconstructive Surgery. Volume 6. issue 4. 2018

approach. Pediatric traumatology, orthopaedics and re
constructive surgery. 2014;2(3):24-33. (In Russ.)]. doi: 
10.17816/PTORS2324-33.

2. Altaf F, Heran MK, Wilson LF. Back pain in children 
and adolescents. Bone Joint J. 2014;96-B(6):717-723. 
doi: 10.1302/0301-620X.96B6.33075.

3. Yang S, Werner BC, Singla A, Abel MF. Low Back Pain 
in Adolescents: A 1-Year Analysis of Eventual Diagno-
ses. J Pediatr Orthop. 2017;37(5):344-347. doi: 10.1097/
BPO.0000000000000653.

4. Randall RM, Silverstein M, Goodwin R. Review of 
Pediatric Spondylolysis and Spondylolisthesis. Sports 
Med Arthrosc Rev. 2016;24(4):184-187. doi: 10.1097/
JSA.0000000000000127.

5. Afshani E, Kuhn JP. Common causes of low back pain 
in children. Radiographics. 1991;11(2):269-291. doi: 
10.1148/radiographics.11.2.1827529.

6. Beutler WJ, Fredrickson BE, Murtland A, et al. The 
natural history of spondylolysis and spondylolis-
thesis: 45-year follow-up evaluation. Spine (Phila 
Pa 1976). 2003;28(10):1027-1035. doi: 10.1097/01.
BRS.0000061992.98108.A0  doi: 10.1097/00007632-
200305150-00014.

7. Виссарионов С.В., Кокушкин Д.Н., Дроздецкий А.П., 
Белянчиков С.М. Варианты коррекции деформации 
позвоночника у детей с идиопатическим сколиозом 
грудной локализации // Вестник травматологии и 
ортопедии им. Н.Н. Приорова.  – 2012.  – № 3.  – 
С. 9–13. [Vissarionov SV, Kokushin DN, Drozdetsky 
AP, Belyanchikov SM. Variants of Spine Deformity 
Correction in Children with Idiopathic Scoliosis of 
Thoracic Localization. Vestnik travmatologii i ortopedii 
im. N.N. Priorova. 2012;(3):9-13. (In Russ.)]

8. Papagelopoulos PJ, Shaughnessy WJ, Ebersold MJ, et al. 
Long-term outcome of lumbar discectomy in children 
and adolescents sixteen years of age or younger. J Bone 
Joint Surg Am. 1998;80(5):689-698.

9. Dang L, Liu Z. A review of current treatment for lumbar 
disc herniation in children and adolescents. Eur Spine  J. 
2010;19(2):205-214. doi: 10.1007/s00586-009-1202-7.

10. Durham SR, Sun PP, Sutton LN. Surgically treated 
lumbar disc disease in the pediatric population: an 
outcome study. J Neurosurg. 2000;92(1 Suppl):1-6.

11. Kumar R, Kumar V, Das NK, et al. Adolescent lum-
bar disc disease: findings and outcome. Childs Nerv 
Syst. 2007;23(11):1295-1299. doi: 10.1007/s00381-
007- 0370-1.

12. DeOrio JK, Bianco AJ, Jr. Lumbar disc excision in 
children and adolescents. J Bone Joint Surg Am. 
1982;64(7):991-996.

13. Stromqvist F, Stromqvist B, Jonsson B, et al. Lumbar 
disc herniation surgery in children: outcome and gen-
der differences. Eur Spine J. 2016;25(2):657-663. doi: 
10.1007/s00586-015-4149-x.

14. Haidar R, Ghanem I, Saad S, uthman I. Lumbar disc her-
niation in young children. Acta Paediatr. 2010;99(1):19-
23. doi: 10.1111/j.1651-2227.2009.01460.x.

15. Lagerback T, Elkan P, Moller H, et al. An observational 
study on the outcome after surgery for lumbar disc her-

niation in adolescents compared with adults based on 
the Swedish Spine Register. Spine J. 2015;15(6):1241-
1247. doi: 10.1016/j.spinee.2015.02.024.

16. Hershman S, Hochfelder J, Dean L, et al. Spondy-
lolisthesis in Operative Adolescent Idiopathic Sco-
liosis: Prevalence and Results of Surgical Interven-
tion. Spine Deform. 2013;1(4):280-286. doi: 10.1016/j.
jspd.2013.05.003.

17. Lamartina C, Zavatsky JM, Petruzzi M, Specchia N. 
Novel concepts in the evaluation and treatment of high-
dysplastic spondylolisthesis. Eur Spine J. 2009;18 Suppl 
1:133-142. doi: 10.1007/s00586-009-0984-y.

18. Скрябин Е.Г. Спондилолиз и спондилолизный 
спондилолистез L5  позвонка у детей дошкольного 
и младшего школьного возраста // Вестник новых 
медицинских технологий.  – 2014.  – Т. 21.  – № 3.  – 
С. 72–75. [Skryabin EG. Spondylolis and spondylolisis 
spondylolistesis lv vertebra in the children of preschool 
and primary school. Journal of new medical technolo
gies. 2014;21(3):72-75. (In Russ.)]

19. Newton PO, Johnston CE, 2nd. Analysis and treat-
ment of poor outcomes following in situ arthrod-
esis in adolescent spondylolisthesis. J Pediatr Orthop. 
1997;17(6):754-761. doi: 10.1097/00004694-199711000-
00010.

20. Vialle R, Charosky S, Padovani JP, et al. Surgical treat-
ment of high-grade lumbosacral spondylolisthesis in 
childhood, adolescent and young adult by the “dou-
ble-plate” technique: a past experience. Eur Spine J. 
2006;15(8):1210-1218. doi: 10.1007/s00586-005-0051-2. 

21. Kuh Su, Kim YS, Cho YE, et al. Surgical treatments 
for lumbar disc disease in adolescent patients; che-
monucleolysis/microsurgical discectomy/PLIF with 
cages. Yonsei Med J. 2005;46(1):125-132. doi: 10.3349/
ymj.2005.46.1.125.

22. Gagnet P, Kern K, Andrews K, et al. Spondylolysis and 
spondylolisthesis: A review of the literature. J Orthop. 
2018;15(2):404-407. doi: 10.1016/j.jor.2018.03.008.

23. Tsirikos AI, Sud A, McGurk SM. Radiographic and 
functional outcome of posterolateral lumbosacral fu-
sion for low grade isthmic spondylolisthesis in children 
and adolescents. Bone Joint J. 2016;98-B(1):88-96. doi: 
10.1302/0301-620X.98B1.35672.

24. Tu Z, Wang B, Li L, et al. Early Experience of Full-
Endoscopic Interlaminar Discectomy for Adolescent 
Lumbar Disc Herniation with Sciatic Scoliosis. Pain 
Physician. 2018;21(1):E63-E70.

25. Михайловский М.В., Садовой М.А., Белозеров В.В. 
Сколиоз и спондилолистез: обзор литературы // 
Хирургия позвоночника.  – 2017.  – Т. 14.  – № 3.  – 
С. 23–31. [Mikhaylovskiy MV, Sadovoy MA, Beloze-
rov VV. Scoliosis and spondylolisthesis: literature re-
view. Spine surgery. 2017;14(3):23-31. (In Russ.)]. doi: 
10.14531/ss2017.3.23-31.

26. Lundine KM, Lewis SJ, Al-Aubaidi Z, et al. Patient 
outcomes in the operative and nonoperative man-
agement of high-grade spondylolisthesis in children. 
J Pediatr Orthop. 2014;34(5):483-489. doi: 10.1097/
BPO.0000000000000133.



46 ORiGinAl PAPERS

 Pediatric Traumatology, Orthopaedics and Reconstructive Surgery. Volume 6. issue 4. 2018

27. Lim MR, Yoon SC, Green DW. Symptomatic spondy-
lolysis: diagnosis and treatment. Curr Opin Pediatr. 
2004;16(1):37-46. doi: 10.1097/00008480-200402000-
00008.

28. Dubousset J. Treatment of spondylolysis and spondylo-
listhesis in children and adolescents. Clin Orthop Relat 
Res. 1997(337):77-85.

29. Violas P, Lucas G. L5–S1  spondylolisthesis in chil-
dren and adolescents. Orthop Traumatol Surg Res. 
2016;102(1 Suppl):S141-147. doi: 10.1016/j.otsr.2015.03.021. 

30. Vialle R, Charosky S, Padovani JP, et al. Surgi-
cal   treatment of high-grade lumbosacral spondylo-
listhesis in  childhood, adolescent and young adult by 
the “ double-plate” technique: a past experience. Eur 
Spine J. 2006;15(8):1210-1218. doi: 10.1007/s00586-
005-0051-2.

31. Palejwala A, Fridley J, Jea A. Transsacral transdis-
cal L5-S1  screws for the management of high-grade 
spondylolisthesis in an adolescent. J Neurosurg Pediatr. 
2016;17(6):645-650. doi: 10.3171/2015.12.PEDS15535.

32. Cheung EV, Herman MJ, Cavalier R, Pizzutillo PD. 
Spondylolysis and spondylolisthesis in children and 
adolescents: II. Surgical management. J Am Acad Or
thop Surg. 2006;14(8):488-498.

33. Bouyer B, Bachy M, Courvoisier A, et al. High-grade 
lumbosacral spondylolisthesis reduction and fusion in 
children using transsacral rod fixation. Childs Nerv Syst. 
2014;30(3):505-513. doi: 10.1007/s00381-013-2260-z.

34. Schoenleber SJ, Shufflebarger HL, Shah SA. The As-
sessment and Treatment of High-Grade Lumbosacral 
Spondylolisthesis and Spondyloptosis in Children and 
Young Adults. JBJS Rev. 2015;3(12). doi: 10.2106/JBJS.
RVW.O.00015. 

35. Mataliotakis GI, Tsirikos AI. Spondylolysis and spon-
dylolisthesis in children and adolescents: current con-
cepts and treatment. Orthop Trauma. 2017;31(6):395-
401. doi: 10.1016/j.mporth.2017.09.011.

36. Tsirikos AI, Garrido EG. Spondylolysis and 
spondylolisthesis in children and adolescents. 
J Bone Joint Surg Br. 2010;92(6):751-759. doi: 
10.1302/0301-620X.92B6.23014.

37. Tsirikos AI, Mataliotakis GI. Evidence-based treatment 
of spondylolysis and spondylolisthesis. In: Paediatric 
orthopaedics: an evidence-based approach to clinical 
questions. Ed. by S. Alshryda, J. Huntley, P.A. Ban-
aszkiewicz. Cham: Springer; 2016. P. 237-254. doi: 
10.1007/978-3-319-41142-2_26.

38. Nakamae T, Tanaka N, Nakanishi K, et al. Surgical 
treatment of high-grade dysplastic spondylolisthesis 
using intraoperative electrophysiological monitoring: 
report of two cases and review of the literature. Eur J 
Orthop Surg Traumatol. 2013;23 Suppl 1:S121-127. doi: 
10.1007/s00590-013-1199-9.

39. Маркин С.П., Козлов Д.М. Переломы крестца после 
хирургического лечения спондилолистеза  // Между-
народный журнал прикладных и фундаментальных 
исследований.  – 2015.  – № 9–4.  – С. 661–665. [Mar-
kin  SP, Kozlov DM. Fractures of the sacrum after sur-
gical treatment of spondylolisthesis. Mezhdunarodnyy 

zhurnal prikladnykh i fundamental’nykh issledovaniy. 
2015;(9-4):661-665. (In Russ.)]

40. Кулешов А.А., Крутько А.В., Исхаков О.С., и др. Хи-
рургическое лечение грыж межпозвонкового дис-
ка у детей и подростков // Хирургия позвоночни-
ка.  – 2017.  – Т. 14.  – № 1.  – С. 68–77. [Kuleshov  AA, 
Krutko AV, Iskhakov OS, et al. Surgical treatment 
of disc herniation in children and adolescents. Spine 
surgery. 2017;14(1):68-77. (In Russ.)]. doi: 10.14531/
ss2017.1.68-77.

41. Grzegorzewski A, Kumar SJ. In situ posterolateral 
spine arthrodesis for grades III, IV, and V spondylo-
listhesis in children and adolescents. J Pediatr Orthop. 
2000;20(4):506-511. doi: 10.1097/00004694-200007000-
00016.

42. Molinari RW, Bridwell KH, Lenke LG, et al. Compli-
cations in the surgical treatment of pediatric high-
grade, isthmic dysplastic spondylolisthesis. A com-
parison of three surgical approaches. Spine (Phila Pa 
1976). 1999;24(16):1701-1711. doi: 10.1097/00007632-
199908150-00012.

43. Mehdian SH, Arun R. A new three-stage spinal shorten-
ing procedure for reduction of severe adolescent isthmic 
spondylolisthesis: a case series with medium- to long-
term follow-up. Spine (Phila Pa 1976). 2011;36(11):E705-
711. doi: 10.1097/BRS.0b013e3182158c1f.

44. Cahill KS, Dunn I, Gunnarsson T, Proctor MR. Lumbar 
microdiscectomy in pediatric patients: a large single-
institution series. J Neurosurg Spine. 2010;12(2):165-
170. doi: 10.3171/2009.9.SPINE09756.

45. Wang H, Cheng J, Xiao H, et al. Adolescent lum-
bar disc herniation: experience from a large mini-
mally invasive treatment centre for lumbar degen-
erative disease in Chongqing, China. Clin Neurol 
Neurosurg. 2013;115(8):1415-1419. doi: 10.1016/j.cli-
neuro.2013.01.019.

46. Gulati S, Madsbu MA, Solberg TK, et al. Lumbar mi-
crodiscectomy for sciatica in adolescents: a multicen-
tre observational registry-based study. Acta Neurochir 
(Wien). 2017;159(3):509-516. doi: 10.1007/s00701-017-
3077-4.

47. Li H, Jiang C, Mu X, et al. Comparison of MED 
and PELD in the Treatment of Adolescent Lumbar 
Disc Herniation: A 5-Year Retrospective Follow-up. 
World Neurosurg. 2018;112:e255-e260. doi: 10.1016/j.
wneu.2018.01.030.

48. Huynh TR, Lagman C, Sweiss F, et al. Pediatric spon-
dylolysis/spinal stenosis and disc herniation: national 
trends in decompression and discectomy surgery 
evaluated through the Kids’ Inpatient Database. Childs 
Nerv Syst. 2017;33(9):1563-1570. doi: 10.1007/s00381-
017-3471-5.

49. Hu SS, Bradford DS, Transfeldt EE, Cohen M. Reduc-
tion of high-grade spondylolisthesis using Edwards in-
strumentation. Spine (Phila Pa 1976). 1996;21(3):367-
371. doi: 10.1097/00007632-199602010-00023.

50. Jalanko T, Helenius I, Remes V, et al. Operative treat-
ment of isthmic spondylolisthesis in children: a long-
term, retrospective comparative study with matched 
cohorts. Eur Spine J. 2011;20(5):766-775. doi: 10.1007/
s00586-010-1591-7.



ORiGinAl PAPERS 47

 Pediatric Traumatology, Orthopaedics and Reconstructive Surgery. Volume 6. issue 4. 2018

51. Sailhan F, Gollogly S, Roussouly P. The radiogra-
phic results and neurologic complications of instru-
mented reduction and fusion of high-grade spon-
dylolisthesis without decompression of the neural 
elements: a retrospective review of 44  patients. Spine 
(Phila Pa 1976). 2006;31(2):161-169. doi: 10.1097/01.
brs.0000194780.17528.6b.

52. Vialle R, Miladi L, Wicart P, Dubousset J. Surgical 
treatment of lumbosacral spondylolisthesis with major 

displacement in children and adolescents: a continuous 
series of 20  patients with mean 5-year follow-up. Rev 
Chir Orthop Reparatrice Appar Mot. 2005;91(1):5-14. 
doi: 10.1016/S0035-1040(05)84270-9.

53. Min K, Liebscher T, Rothenfluh D. Sacral dome re-
section and single-stage posterior reduction in the 
treatment of high-grade high dysplastic spondylolis-
thesis in adolescents and young adults. Eur Spine J. 
2012;21  Suppl 6:S785-791. doi: 10.1007/s00586-011-
1949-5.

Information about the authors

Aleksandr V. Krutko — MD, PhD, Professor, Head of De-
partment of Neurovertebrology Novosibirsk SRITO named 
after Ya.L. Tsivyan, Novosibirsk, Russia. ORCID: 0000-
0002-2570-3066. E-mail: ortho-ped@mail.ru. 

Александр Владимирович Крутько — д-р мед. наук, 
начальник отделения нейровертебрологии ФГБУ «Но-
восибирский НИИТО имени Я.Л. Цивьяна», Новоси-
бирск. ORCID: 0000-0002-2570-3066. E-mail: ortho-ped@
mail.ru. 

Abdugafur J. Sanginov — MD, Neurosurgeon Depart-
ment of Neurosurgery No. 2 Novosibirsk SRITO named af-
ter Ya.L.Tsivyan, Novosibirsk, Russia. ORCID: 0000-0002-
4744-4077. E-mail: dr.sanginov@gmail.com.

Абдугафур Джабборович Сангинов — врач-нейрохирург 
нейрохирургического отделения № 2  ФГБУ «Новоси-
бирский НИИТО имени Я.Л. Цивьяна», Новосибирск. 
ORCID: 0000-0002-4744-4077. E-mail: dr.sanginov@gmail.com

Morgan B. Giers — Department of Neurosurgery, Barrow 
Neurological Institute, St. Joseph’s Hospital and Medical 
Center, Phoenix, uSA. ORCID: 0000-0002-2247-1167. 
E-mail: giersmorgan@gmail.com.

Морган Гиерс — отделение нейрохирургии, Невроло-
гический институт Бэрроу, больница и медицинский 
центр Святого Иосифа, Финикс, США. ORCID: 0000-
0002-2247-1167. E-mail: giersmorgan@gmail.com.

Alina А. Alshevskaya — MD, PhD, Head of Biomedical 
Departament of Biostatistics and Clinical Trials Center, 
Novosibirsk, Russia. ORCID: 0000-0002-7307-4524. E-mail: 
alkkina@yandex.ru.

Алина Анатольевна Альшевская — канд. мед. наук, 
начальник биомедицинского департамента, Научно-ис-
следовательского центра биостатистики и клинических 
исследований, Новосибирск. ORCID: 0000-0002-7307-
4524. E-mail: alkkina@yandex.ru. 

Andrei V. Moskalev — Head of Biostatistics and Clinical 
Trials Center, Novosibirsk, Russia. ORCID: 0000-0002-
6711-3822. E-mail: andrei.v.moskalev@gmail.com. 

Андрей Владимирович Москалев — директор Науч-
но-исследовательского центра биостатистики и клини-
ческих исследований, Новосибирск. ORCID: 0000-0002-
6711-3822. E-mail: andrei.v.moskalev@gmail.com. 


