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General methodology of guidelines
The guidelines are based on the data of
modern medical literature and authors’
own experience.
An analysis of publications devoted
to this problem has demonstrated that
almost all of the publications are based
on series of clinical cases. No studies that
might be attributed to an ASMOK (Association of Medical Societies for Quality of Medical Care and Education) level
exceeding 2+ and to a class I or II evidence level were found. Accordingly, all
guidelines in this document are of evidence level C or less.
The purpose of this work is to develop an algorithm for treatment of vertebral syndrome in patients after surgery
for myelomeningocele (post-myelomeningocele syndrome (post-MMC)), which
is reflected in the referential style of the
paper: the material is presented mainly
as tables, which, in our opinion, is convenient for practical use and making tactical decisions.
Features of analysis and material
selection. These guidelines intentionally
avoid consideration of spina bifida consequences presenting as “pure” congenital kyphosis and scoliosis in the setting
of accompanying vertebral anomalies,
the management of which is in detail
reflected in modern literature on congenital spinal malformations; manage-

ment of anterior spina bifida and its
consequences.
The main syndromic terminology
used in the guidelines for the pathology
in question is described in Table 1.
General information
The prevalence rate of spina bifida across
the world is 4.7 cases per 10,000 live
births [4]. According to the Federal State
Statistics Service website, 14,969 children
under the age of 18 years in the Russian
Federation in 2014 were for the first time
registered as disabled due to congenital
anomalies (malformations), deformities,
and chromosomal abnormalities, with
the rate of spina bifida being 2.1 cases
per 1,000 population [5].
The rate of spina bifida in different
spine parts varies significantly: 2–5 % in
the cervical spine, 2 to 3 % in the thoracic spine, 25 % in the lumbar spine, and
65–70 % in the lumbosacral spine [6].
Clinical and radiographic signs of
myelomeningocele consequences are
presented in Table 2.
Clinical and radiographic features of
vertebral syndrome associated with postMMC are as follows [2, 7–11]:
– lack of posterior vertebral structures;
– wide spinal canal;
– flattening of the vertebral bodies;
– low bone density of the caudal
vertebrae;
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– hypoplasia of the sacrum and pelvis;
– cicatricial soft tissue changes at the
deformity apex;
– soft tissue deficiency and formation
of ulcer at the deformity apex;
– prevalence of combined kyphosis
consisting of congenital (anomaly) and
neurogenic components [12–14];
– sagittal displacement of the pelvis
[15];
– rapid progression of deformity (up
to 12° per year) [7, 16];
– spinal cord tethering [17–20];
– tolerance to conservative treatment
[21–23].
The goals and basic principles of conservative treatment of spina bifida consequences in children are summarized in
Table 3 [2, 13, 14, 24–29], and the basic
principles of surgical treatment of spina
bifida and its consequences are presented in Table 4.
The goals of surgical treatment are as
follows [2, 13, 25–30]:
– prevention of respiratory disorders;
– ability to maintain the vertical
position;
– improved upper limb manipulations;
– improved quality of life;
– longer life span.
Variants of surgical correction of spinal deformities, with allowance for vertebral syndrome features, are presented
in Table 5.
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Table 1
Main syndromic terminology used in the guidelines for the pathology in question [1–3]
Vertebral syndrome

A complex of clinical and radiographic symptoms characterizing the anatomical condition
(structure and shape) and functional changes of the spine, spinal canal, and spinal cord

Vertebrogenic syndrome

A complex of clinical neurological (motor, sensory, visceral, and autonomic), postural,
and radiographic symptoms that are pathogenically caused by changes in the anatomy and
functions of the spine and spinal cord

Post-myelomeningocele syndrome (post-MMC)

A complex of clinical (orthopedic, neurological, and adaptive) and radiographic symptoms
that characterize consequences of surgical treatment for different types of spina bifida

Dysraphic syndrome (synonyms: Bremer
syndrome, dysraphic complex (status), dysraphic
myelodysplasia, dysraphism, Fuchs myelodysraphism)

A common term for developmental anomalies characterized by incomplete closure of any
anatomical structures along the midline

Spinal dysraphism (vertebral component of Bremer
syndrome)

Incomplete or no fusion of midline structures – vertebrae, spinal canal, and spinal cord

Table 2
Clinical and radiographic signs of myelomeningocele effects
Orthopedic

Neurological and
neurosurgical

– spinal deformity;
– lower limb deformity;
– dislocations and contractures of the lower limb joints, most often
the hip joint;
– clubfoot, including recurrent clubfoot after treatment;
– osteoporosis;
– fractures of long tubular bones of the lower limbs, including
recurrent fractures
– paresis and paralysis;
– tethered spinal cord syndrome;
– hydrosyringomyelia;
– Arnold–Chiari syndrome

Radiographic

– underdevelopment, up to complete absence of vertebral arches;
– vertebral anomalies;
– spinal deformities: kyphosis, scoliosis, kyphoscoliosis, and
lordoscoliosis;
– various myelodysplasias at the spina bifida level and in the
craniovertebral junction area

Other clinical signs

– skin stigmas located along the spine: hypertrichosis, pigment spots,
dimpling, subcutaneous lipomas;
– decubitus, usually at the kyphotic deformity apex;
– pelvic organ dysfunctions;
– chronic urinary tract infection;
– respiratory failure in the setting of an elevated diaphragm and
reduced chest volume

The advantage of pelvis fixation during correction of deformity associated
with spina bifida consequences is achieving spinal stability. However, spinopelvic fixation in early childhood, on the
one hand, may be associated with the
anatomical features of supporting bone
structures (their size, spatial position,
and strength) and, on the other hand,

significantly change further formation of
this skeleton part. In this regard, the issue
of extending fixation of the spine to the
pelvis may in some cases be resolved not
at the time of primary intervention but
be scheduled for implementation during
further follow-up of the child (Table 6).
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Restrictions on the use of guidelines
for surgical treatment of vertebral
syndrome associated with spina bifida consequences
Given that the main goal of surgical approaches described in the guidelines is to improve the child’s quality
of life, social adaptation, and the
possibility of caring for the child, the
contraindications to application of the
guidelines are as follows:
– severe decompensated concomitant,
including genetic, diseases and congenital malformations that are life-threatening or have significant limitations on the
expected survival period;
– concomitant cerebral pathology
accompanied by deep mental retardation and/or frequent convulsive seizures;
– infectious exacerbations.
Conclusion
Spinal deformities associated with postMMC syndrome are frequent and typical
manifestations. Kyphoscoliosis often
develops in patients with thoracolumbar
myelodysplasia, while lordoscoliosis
often occurs in patients with conus
medullaris dysplasia.
Corset therapy is usually ineffective and can lead to chest deformity, a
reduced tidal volume, and neuropathic
ulcers.

Hirurgia Pozvonochnika 2018;15(4):107–114
S.O. Ryabykh et al. Vertebral syndrome in consequences of spina bifida

Table 3
Goals and basic principles of conservative treatment of spina bifida consequences in children
Improvement of neurological status*

Neurotropic and vascular therapy

Prevention of urinary tract infection

Uroseptics, antibiotic therapy, intermittent or continuous catheterization

Improvement of orthopedic status

Corset therapy, massage, exercise therapy, orthoses, orthopedic correction of pathological
postures, contractures, etc.

Ulcer prevention

Motor regimen, treatment of skin, especially sites of the largest contact with underlying
surfaces (sacrum, greater trochanter area, heels), anti-ulcer mattresses, gel pads, etc.

Social adaptation**

Physical and functional rehabilitation, training in the use of auxiliary devices: verticalizers,
splints, apparatus

*the most valid scale for assessing the neurological status of patients with post-MMC is the modified JOA (mJOA) scale proposed by Benzel;
**an integrative score of life impairment and role limitations is often obtained using the functional independence measure (FIM) scale.

Table 4
Basic principles of surgical treatment for spina bifida and its consequences
Principles of surgical treatment

Indications, surgical features, and timing

Myelomeningocele plastic removal, skin defect closure

First days and weeks of life; in rachischisis –first hours of life

Removal of a bone spur in the spinal canal

Upon reaching an age of 1 year and/or weight of more than 10 kg

CSF shunt surgery
(triventriculocisternostomy, VPS) [20]

Hypertension syndrome – regardless of age, progressive hydrocephalic syndrome

Elimination of caudal spinal cord tethering

Tethered spinal cord syndrome:
– possibility to improve neurological symptoms;
– progressive hydrosyringomyelia

Foramen magnum decompressive craniectomy

Arnold-Chiari syndrome:
– presence or progression of basilar insufficiency symptoms;
– progressive hydrosyromingomyelia

Deformity correction with instrumented stabilization of the
spine

Recurrent ulcer at the deformity apex; progression of spinal deformity; failure of
stable verticalization, in particular in sitting position

Table 5
Variants of surgical correction for spinal deformities with allowance for vertebral syndrome features
Characterization of spinal deformity

Features of orthopedic correction

Mobile deformities less than 30° (Fig. 1)

Basic treatment technique – corset therapy [2, 9, 11, 12, 21]. Spine fixation with dynamic systems
(VEPTR or Shilla), including fixation of the sacrum or pelvis, should be considered as an option [14, 31–34]

Rigid deformities larger than 30° (Fig. 2)

Corrective vertebrotomy (kyphectomy or VCR), correction and posterior instrumented fixation of the
spine, including fixation of the sacrum or pelvis [33, 35, 36]

Deformities complicated by n ulcer in
the intended surgery site, usually at the
kyphotic apex (Fig. 3)

Two-stage surgical treatment:
stage 1 – external instrumented fixation (halo-pelvic, transpedicular-pelvic) with dosed correction of
deformity to reduce tension of soft tissues and improve conditions for their healing;
stage 2 – kyphectomy with correction and posterior instrumented fixation of the spine [14]
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Early surgical correction improves
body balance and quality of life, reducing
aggressiveness of the surgical procedure.

а

The dual growing rod technique is
safe and effective in cases of moderate
neuromuscular spinal deformities at an
early age.

b

c

Kyphectomy is a complex procedure
associated with a high risk of complications, but it has no alternative in the case
of severe rigid kyphosis.

d

Fig. 1
Examples of surgical treatment of mobile spinal deformity using growing rods; variants of arrangement of instrumentation with
longitudinal and parallel connectors: a – the appearance of a 5-year-old child; b – preoperative radiographs; c – radiographs after
placement of growing rods with a longitudinal connector; d – a dynamic system with side-by-side connectors and the ability of
separate control for growth of the thoracic and lumbar spine

а

b

c

d

e

Fig. 2
One-stage correction of rigid spinal deformity in an 18-month-child using polysegmental transpedicular and pelvic fixation: a child’s
appearance (a), a CT scan (b), and a MRI scan (c) before surgery; intraoperative photographs of instrumentation and kyphectomy
stages (d); postoperative radiographs of the spine (e)
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The use of external fixation systems
should be considered as a “parachute”
technology in patients with ulcers.

а

The study did not have sponsorship. The authors
declare no conflict of interest.

b

c

d

e

f

Fig. 3
Staged surgical treatment of post-MMC spinal deformity complicated by a recurrent ulcer in a 9-year-old child: an appearance (a, b) and
a spinal CT scan (c) before starting surgical treatment; an appearance at treatment stages with an external fixation device (d); intraoperative
photograph (e); radiographs of the spine after kyphectomy with polysegmental vertebropelvic fixation (f)
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Table 6
Complications of surgical treatment for spinal deformities associated with spina bifida consequences and methods for their prevention [30, 37–39]
Complication

Rate

Suture failure

10 %

Prevention methods

Treatment

Thorough wound closure with adaptation of edges

Re-closure of the wound, closure of defects by

without tension and, if possible, with excision of scars

plastic movement of flaps at excessive tension
of edges; upon lack of tissue for defect closure
(pronounced rough scars) – preventive
placement of subcutaneous expanders

Clear preoperative planning; adequate assessment of

Replacement of instrumentation; if necessary,

usually, pulling out lower

sizes of supporting bones and corresponding elements

changing fixation points of support elements

support elements)

of devices, strength of supporting bones, primarily

Failure of metal devices

15 %

caudal ones (sacrum and pelvis), and planning of
staged surgery
Surgical site infection

5%

Preoperative sanitation of chronic infection foci

Early revision and sanitation surgery to prevent

(especially urinary infection), active wound drainage,

infection spread

hematoma evacuation and serous drainage, adequate
antibiotic therapy, and ulcer prevention
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Invitation for discussion
At symposium “Orthopedic and Neurosurgical Problems in Children with Spina Bifida” that was held in Moscow on October 20–21,
2015 and was devoted to medical and social care of children who underwent surgical treatment for spina bifida, specialists in various fields, such as children neurologists, urologists, neurosurgeons, orthopedists, rehabilitologists, as well as children’s parents decided to create a comprehensive rehabilitation program aimed at improving social adaptation and quality of life as well as facilitating
care for these patients.
One of the directions of comprehensive rehabilitation is the management of vertebral post-MMC – a complex of pathological
manifestations of spinal lesions in the form of spinal deformities that are characterized by various shapes, severity, complications,
and, accordingly, types of social care, have a different prognosis, and, if necessary, require differentiated surgical treatment.
Surgeons with certain experience in treating spinal deformities in children have prepared recommendations that, in our opinion, should simplify and unify approaches to the management of patient. However, we consider it to be reasonable to bring up the
guidelines for discussion by a wide range of specialists before approval of the guidelines by associations of orthopedists, neurosurgeons, and spinal surgeons. The journal of Spine Surgery (Hirurgia Pozvonocnika) is objectively the optimal place for this discussion
that will be useful before the guidelines become a normative document.
The authors will gratefully accept additions and comments.
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