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POSTERIOR CERVICAL SCREW
FIXATION IN CHILDREN:
THE TREATMENT EXPERIENCE

O.M. Pavlova, A.V. Burtsev, A.V. Gubin, S.0. Ryabykh
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Objective. To prove the safety and technical and mechanical validity of posterior screw fixation of the cervical spine in children and to
compare different types of the cervical spine fixation based on our own treatment experience and literature data.

Material and Methods. A retrospective analysis of 47 patients under the age of 18 years who underwent various types of posterior
instrumental fixation of the cervical spine was performed. Level of Evidence — III.

Results. The duration of postoperative follow-up varied from 2 months to 6.6 years (mean, 2.1 + 1.6 years). A total of 186 screws were placed,
the number of screws inserted in one patient reached 10 (mean, 3.9 + 2.4). Postoperative complications were observed in 5 (10.6 % ) patients.
Conclusion. Posterior screw fixation of the cervical spine provides biomechanically reliable stabilization of the segment, helps to achieve

good correction of deformity and reduction of dislocations, shortens the period of rehabilitation, and is a safe method of surgical treatment

in children.
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Given that the child’s head is relatively
large and the articular facets of the cer-
vical spine are positioned horizontally,
cervical spine pathologies, especially at
the craniocervical and atlantoaxial areas
and the upper portion of the subaxial
segment, are associated with a high risk
of instability and deformity.

Stabilizing operations on the C§ in
children are often required for the fol-
lowing groups of diseases:

1) mechanically and neurologically
unstable congenital spinal malformations,
abnormalities causing spinal imbalance,
stenosing and ischemic malformations;

2) systemic diseases causing steno-
sis at the cervical spine and craniover-
tebral junction, spinal imbalance, spinal
Stenosis;

3) mechanically and neurologically
unstable spinal injury;

4) growing tumors that cause com-
pression of neural and vascular structures
and persistent pain syndrome;

5) infections of the vertebrae;

6) neuromuscular diseases that cause
spinal imbalance and spinal stenosis;

7) iatrogenic conditions causing ste-
nosis, mechanical and neurological insta-
bility of the spine, spinal imbalance and
spinal stenosis.

While in the case of the traumatic
injury to the CS surgical indications are
determined by the type of traumatic inju-
ty [1], stability signs [3, 16], and the pres-
ence of neurological deficit [2], neurolog-
ical instability still remains the only abso-
lute indication for surgery in patients
with non-traumatic CS pathology.

Operations on the CS in children can
be classified into subgroups based on
the purpose of the operation: decom-
pression, stabilization, decompression
and stabilization, and correction of the
spinal deformity in combination with
stabilization.

However, the indications and the
choice of CS fixation methods in chil-
dren are still questionable. In this part of
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the paper, the authors present a 6-year
experience in treatment of 47 patients.

The objective of the study was to
prove the safety and technical and
mechanical validity of the posterior
screw fixation of the cervical spine in
children and to compare different types
of cervical spine fixation based on our
own treatment experience and litera-
ture data.

Material and Methods

Study design: single-center retrospec-

tive cohort. Level of Evidence: III. Patient

recruitment period: 2010-2016.
Inclusion criteria:

— age under 18 years at the time of the
operation,

- the same place of the operations
(clinic for spine diseases of the Ilizarov
Scientific Center for Restorative Trauma-
tology and Orthopaedics, Russia);

— the use of various options of the pos-
terior instrumented fixation of the CS;
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— etiologically verified diagnosis;
— comprehensive radiographic archive.

Preoperatively, somatic, neurological,
and orthopedic status of all patients was
assessed. Biplane X-ray, CT, and MRI were
carried out. Functional CT, CT angiog-
raphy, and functional radiography were
used when indicated.

In two cases, the use of halo trac-
tion was required during preoperative
preparation.

In some cases, intubation was per-
formed using endoscopic techniques
and videolaryngoscopy. Intubation was
carried out by the same anesthesiologist
experienced in endotracheal tube place-
ment in these patients. Neuromonitoring
was used during the operation. Motor
and somatosensory evoked potentials
in the upper and lower extremities were
measured using standard techniques.
Anesthetics that do not hinder reliable
and stable monitoring were used.

Various options of the posterior
instrumented fixation, either isolated or
in combination with spinal deformity
correction, and decompression of neu-
ral structures were used as surgical treat-

ment methods. All patients underwent
postoperative X-ray or CT.

Results

The study involved 22 (46.8 %) gitls
and 25 (53.2 %) boys aged 2 to 16 years
at the time of the operation (mean
age 9.2 = 4.4 years). The duration of
postoperative follow-up was 2 months
to 6.6 years (on the average, 2.1 + 1.6
years). The pathology was mostly
represented by congenital anomalies,
27 (57.50 %) cases (Table 1). Systemic
diseases were diagnosed in 13 (25.50 %)
patients (Table 2). Additionally, neglected
atlantoaxial rotatory fixation was
observed in 3 (6.40 %) cases, primary
tumors of cervical vertebrae in 2 (4.30 %)
cases, post-laminectomy kyphosis in 1
(3.15 %) case, progressive scoliosis
with underlying Rossolimo myotonic
dystrophy involving the cervicothoracic
segment in 1 (3.15 %) case.

Clinical manifestations included pain
in the neck, torticollis, restriction of CS
movement, progtessive cervical vertebro-
genic myelopathy, progressive deformity

Table 1

Abnormality

Klippel — Feil

Malformation

Odontoid bone

Odontoid aplasia
Dynamically unstable defect

The types of defects in patients with congenital malformations

Patients, n (%)

12 (44.5)
9 (33.3)
3(11.1)
2(7.4)
1(3.7)

Table 2

Systemic diseases with vertebral complications

Nosology

Spondyloepiphyseal dysplasia
Type I neurofibromatosis

Type IV mucopolysaccharidosis
Larsen syndrome

Ollier syndrome

Down's syndrome

Diastrophic dysplasia

Undifferentiated connective tissue dysplasia

Patients, n (%)

3(23.1)
3(23.1)
2 (15.3)
1(7.7)
1(7.7)
1(7.7)
1(7.7)
1(7.7)
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of the CS (scoliotic, kyphotic), and verte-
brobasilar insufficiency symptoms.

[t should be noted that the etiopatho-
genesis of the underlying disease in some
cases predetermined clinical manifesta-
tions (Fig,). For example, local symptoms,
such as pain, torticollis, and restriction
of neck movement dominated in the
case of congenital malformations. In the
case of systemic diseases, many patients
had myelopathy symptoms due to spinal
stenosis or concomitant nervous system
disorders (e.g, neurofibromas); progres-
sive scoliosis was characteristic of these
patients.

All patients underwent various types
of the posterior fixation of the CS using
screw systems, in some cases supple-
mented by laminar hooks or occipital
plates. A total of 186 screws, 10 laminar
hooks (Table 3), and 10 occipital T- or
Y-shaped plates were implanted. We used
conventional posterior fixation instru-
mentation with the screws sized 3.5 mm
in diameter and having various lengths.
In 30 cases, instrumented fixation was
complemented by local fusion with allo-
geneic or autologous bone. The number
of screws per patient was up to 10 (on
the average, 3.9 + 2.4). In 14 cases, we
failed to insert screws at the planned lev-
el since there was a risk of injury to the
neuro vascular structures due to com-
plicated path selection or fragile bone
structures.

CT control showed no screw malpo-
sitions in the early postoperative peri-
od. Postoperative complications were
observed in 5 (10.6 %) patients. Four
complications occurred in the late peri-
od, including pseudarthrosis with the rod
fracture — 3 (60.0 %) cases and progres-
sion of cetvicothoracic kyphoscoliosis

— 1(20.0 %) case. In the immediate post-
operative period, 1 (20.0 %) complica-
tion was observed, myelopathy associat-
ed with corrective maneuvers in a patient
with Morquio syndrome. In complicated
cases, revision surgery and reinstrumen-
tation were performed.
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The main symptoms in patients with congenital abnormalities and systemic diseases

Discussion

The screw instrumentation systems have
several advantages in the treatment of
spinal pathologies:

1) provide a reliable framework for
further fusion, whereas the attempts of
non-instrumented fixation at the level
of cervical spine often do not result in
stabilization of the segment [4, 8, 11, 15];

2) enable intraoperative segment-wise
reduction of displacements due to lever-

age on the dislocated vertebrae along
with manual positioning of the patient’s
head [8, 12, 14, 15];

3) enables avoiding long-term use of
halo-apparatus, which is inconvenient
and restricts patient’s activity [4-10, 13,
15}

4) they demonstrate higher biome-
chanical reliability, because, according
to the 3-column vertebral body load dis-
tribution system, anterior column bears
about 36 % of the load, while the poste-

rior CS structures bear 64%, which proves
the effectiveness of the posterior fixation
systems.

We used the data of 430 children with
posterior screw fixation of the CS report-
ed in the literature and 47 our own cases
to determine the total number of com-
plications amounting to 31 (6.5 %), of
which 13 (2.7 %) were implant-related
and required revision surgery. A small
number of complications is indicative
of safety of the posterior fixation tech-
niques in children.

Conclusion

The posterior screw fixation of the CS
in children has several advantages over
non-instrumented fusion, wire and
cable fixation, fixation with the anterior
plate and the locking hook: segment
stabilization is biomechanically reliable
and provides good deformity correction
and reduction of displacement and
shortens the rehabilitation period.

Standardized implants and instru-
mentation are suitable to perform the
posterior screw fixation in children older
than two years.

Posterior screw fixation of the CS is
a safe method of surgical treatment in
children.

The study was not sponsored. The authors declare
no conflict of interest.

Table 3

Options of the posterior fixation in patients
Fixation place Screws, n (%) Hooks, n (%)
Lateral masses of C1 9 (4.8) 1 (10.0)
Transpedicularly into C2 6(3.2) —
Articular part of C2 21 (11.3) —
Intralaminarly into C2 26 (13.9) 2 (20.0)
Intralaminarly into C3 3(1.6) —
Lateral masses of C3 29 (15.6) —
Lateral masses of C4 31 (16.7) 2 (20.0)
Lateral masses of C5 24 (13.0) 1 (10.0)
Lateral masses of C6 24 (13.0) 2 (20.0)
Intralaminarly into C7 4(2.1) —
Transpedicularly into C7 6(3.2) —
Lateral masses of C7 3(1.6) 2 (20.0)
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