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Introduction Spinal deformity is one of major orthopaedic manifestations of cerebral palsy (CP). Despite the prevalence of the 
nosologic condition there is a deficiency in the availability of criteria for screening and management of the spinal pathology in CP 
patients, difficulties in interdisciplinary logistics, lack of registry and restraints in the continuity of the rehabilitation system. The 
purpose of the work was to focus the attention of mainstream audience of dedicated experts on the aspects of the course and correction 
techniques of spinal deformities in CP patients. Evidence level 5 (UK Oxford, version 2011). Results The type of spinal deformity 
depends on the functional level classified with the GMFCS. Vertebral evaluation included identification of the leading component of 
the deformity, apex location, mobility, trunk balance, chest deformity, type of pelvic obliquity, the way contractures and dislocation of 
the femoral heads affected the lumbar spine mobility. The goal of spinal deformity correction in CP patients is to maintain or improve 
the functionality of the patients, improve the quality of life for the patient and the family. The use of transpedicular multi-support 
fixation systems and bone allografts can be recommended for bone fusion in the patients. Spinal fixation can be extended from the 
upper thoracic vertebrae down to the pelvis. Dynamic fixation systems, multilevel or multi-rod fixation can be an option depending on 
the age, extent of the maturity of the axial skeleton and size of the curve. Conclusion The severity of manifestations of spinal deformity 
increases in CP patients with greater level of global motor functions and does not depend on the skeletal maturity. Conservative 
treatment is ineffective at a long term. Correction and instrumentation transpedicular fixation allows for three-dimensional correction 
without the need for anterior fusion. Surgical treatment significantly improves body balance, functional level and quality of life.
Keywords:  cerebral palsy, cerebral palsy in children, spinal pathology, spinal deformity, scoliosis, bracing, posterior spinal fusion, 
pelvis fixation, complications

BACKGROUND

Spinal deformity is one of the leading manifestations 
of orthopaedic complications of cerebral palsy (CP). 
Although the more common term "cerebral palsy" was 
used as the common term in the post-Soviet countries, 
we consider "cerebral palsy" to be a more adequate 
term based on age continuity. It is paradoxical that 
there is a lack of information in the assessment of spinal 
pathology with the widespread nosologic condition. 
So, the search queries for the key phrases "cerebral 
palsy" yielded about 23 thousand publications in the 
PubMed while a little more than 2 thousand reported 
were found for the query "cerebral palsy deformity", 
and only 101 publications were detected for "cerebral 
palsy spine deformity", which is less than 0.4% of the 
total number of works. Aspects of spinal pathology 
have been described in two prominent monographs 
[1, 2]. Eight protocols are presented in the Cochrane 
Library, and none of them involves surgical correction 
of orthopaedic complications: out of 74 reviews, the 

control of spinal deformity was indirectly reported in 
one publication [3]. At the same time, four clinical trials 
on spinal deformities and outcomes of the treatment 
have been reported [4-7].

Inadequate logistics (geographical, professional, 
age related); lack of registries, as well as evidence-
based rehabilitation centers; underestimation of 
the "motor ceiling" of rehabilitation; barriers to the 
continuity of the rehabilitation system mitigate against 
timely screening, management of spinal pathology in 
CP patients and pathogenetic treatment. The above 
factors lead to the high rate of disability, limited self 
care, loss of social functioning skills, low quality 
of life and life expectancy of the patients [8, 9, 10]. 
The purpose of the work was to focus the attention 
of mainstream audience of dedicated experts on the 
aspects of the course and correction techniques for 
spinal deformities in CP patients. Evidence level 5 
(UK Oxford, version 2011). 

RESULTS
The characterisation of the spinal curve depends 

on the functional level as classified with GMFCS 
(Gross Motor Function Classification System) 
system. Lonstein and Akbarnia [11] identified 2 most 
common types of scoliosis in cerebral palsy: group 1 

including single thoracic, double thoracic or lumbar 
arch without pelvic obliquity, usually observed in 
ambulatory patients, and group 2 comprising extended 
thoracolumbar or C-shaped arches with pelvic 
obliquity, often observed in patients with low activity 
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level (GMFCS groups IV and V). Hyperlordosis of 
the lumbar spine or kyphoscoliosis of the thoracic 
spine are also common in CP. Review of the rate of 
the curve progression in the natural course has shown 
that a mobile arc normally develops at the age of 3 to 
10 years and rapidly transforms into a rigid condition.

The vertebral status is determined by the leading 
component of deformity (scoliosis, lordosis, kyphosis), 
location of the apex, mobility (Fig. 1a), trunk balance 
(Fig. 1b), chest deformity (Fig. 1c), the type of pelvic 
obliquity, contractures and dislocation of the femoral 
heads affecting the mobility of the lumbar spine. 
Disturbed balance of the spine as a deviation of the C7 
vertebra from the CSVL (Central Sacrum Vertical Line) 
and PSVL (Posterior Sacrum Vertical Line) of more 
than 4 cm is indicative of inability to maintain balance 
due to spasticity and retraction (often asymmetric) of the 
axial musculature and leads to sternal torsion, disturbed 
skeletopy of internal organs and frequent dysfunction of 
the lungs and the heart. Scoliosis can also be the peak 
of the "TerribleTriad" [2] resulting from pelvic obliquity 
associated with unilateral or asymmetric hip dislocation 
and it is important with the leading component of the 
pelvic obliquity to be identified as either suprapelvic in 
a rigid deformity of the spine or infrapelvic in flexion-
adduction contracture of the hip [1] (Fig. 2).

Monitoring and correction of spinal deformity
The treatment of spinal deformity in CP is aimed at 

maintaining or improving the functional capabilities 
of patients, as well as the quality of life. Decision-
making about treatment should be individual and 
based on a thorough assessment of the risk-benefit 
ratio depending on the severity of concomitant 
diseases [12].

Conservative treatment of spinal deformity in CP 
includes a combined use of orthopaedic devices, technical 
means of rehabilitation for adaptation to an upright 
position and sitting, physiotherapy and medications to 
address spasticity and prevent contractures. Bracing 
that is normlly employed for the treatment of spinal 
deformity, appears to be ineffective in most cases [13-
15]. In addition to that, extrapyramidal symptoms and 
seizures, as well as the restricted chest movements 
associated with wearing a corset, can aggravate the 
lung deficiency and lead to pressure ulcers. Treatment 
of spinal deformity and non-surgical treatment of 
spasticity with botulinum toxin was evaluated in a 
limited number of cases with short follow-up periods, 
but with encouraging results. Nuzzo et al. [16] reported 
that botulinum toxin injected on the concave side of the 
deformity in patients who required a delayed surgical 
intervention increased the effectiveness of bracing and 
stopped the progression of the curvature. However, the 
temporary effectiveness of botulinum toxin prevents its 
use at later stages due to the rigidity of spinal deformity 
and gross imbalance.

Fig. 1 Clinical landmarks for identifying spinal mobility (a);disturbed frontal trunk balance (b); torsion chest deformity (c)

Fig. 2 Types of pelvic obliquity. 
From «Cerebral Palsy. Authors: 
Freeman Miller, ISBN 978-0-
387-27124-8, Springer, 2005» 
[1]
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Postural control methods including seat supports 
and functional wheelchairs can be used for control 
of a spinal deformity [17]. But it should be borne in 
mind that the increase in functional capabilities is 
limited due to the inability to control the progression 
of spinal deformity. 

Surgical treatment is considered when non-surgical 
methods of treatment have no chance of success or poor 
prognosis. Observation and non-surgical treatment of 
the curvature are practical for curves measuring Cobb 
angle less than 40°, for mobile deformities, as well as 
patients who can maintain a sitting position [17, 18]. 
Traditionally, bracing has limitations in reducing the rate 
of curve progression in CP patients [19, 20].

The goals of surgical treatment is aimed at restoring 
the trunk balance with the possibility of verticalization, 
stabilizing respiratory disorders and improving the 
quality of life of patients and associates. The main 
indications for surgical correction can be identified by an 
inter-expert consensus [19, 20, 21, 22, 23, 24, 25, 26] to 
include scoliosis > 40°; hyperkyphosis or hyperlordosis 
> 20° of the border of the normal sagittal profile, 
regardless of age, the presence of pronounced chest 
torsion with thoracic insufficiency syndrome, disturbed 
global balance of the trunk in the frontal and (or) sagittal 
plane; rapid progression of deformaty (more than 5° 
per year); achievement of verticalization of the patient. 
Surgical treatment can help patients to balanced sitting 
and independent use of the upper limbs. Other positive 
effects include effective respiration and pulmonary 
clearance, especially in children under 7 years of age, 
in particular, based on data on the possibility of lung 
tissue regeneration [27], and promoting proper nutrition. 
Lordoscoliosis and kyphoscoliosis are more common 
in patients with GMFCS level V [28]. Correction of 
hyperlordosis can also be helpful in the treatment of 
gastroesophageal reflux or upper mesenteric artery 
syndrome. Finally, spinal surgery significantly simplifies 
patient care and improves the quality of life of patients 
and their parents [29, 30]. Limitations to the operation 
include grades II and III protein-energy deficiency (BMI 
< 12); osteopenia (Z-criterion < -2.5) with rehabilitation 
to be focused on postural management using technical 
means of rehabilitation (TMR), pain control and 
nutritional support.

Surgical correction technique
Transpedicular multi-support fixation systems 

can be recommended for more effective correction 
of deformity in three planes to avoid postoperative 
external support. Low profile supporting components 
(monoaxial screws) are used on the convex side of 
the deformity with atrophic paravertebral muscles in 
addition to bone allografts for the fusion [18, 30]. This 
is important for patients with osteopenia who need 
more screws as support points and allografts [22].

The recommended fixation zone is from the 

upper thoracic vertebrae to the pelvis [30, 31, 32]. 
Current studies report successful restoration of the 
sagittal and frontal parameters of the spine balance 
in CP patients, improvement or stabilization of 
the ambulatory capacity [32, 33, 34]. Insufficient 
reconstruction of the balance leads to impossible or 
limited verticalization [19, 33].

Surgical planning
Proximal fixation level
Two main parameters are used to determine the 

proximal fixation level in CP patients including 
hyperkyphosis of the thoracic spine with a high 
inclination angle of Th1 (T1 slope) and preservation 
of head movements. Based on these aspects, the 
optimal level for Th3 fixation is identified by 
adequate correction of kyphosis, prevention of 
proximal transitional kyphosis or insufficient muscle 
control of the head position in the patients. To prevent 
the development of the complications, we agree with 
the specialists who prefer transpedicular fixation for 
hyperkyphosis of the thoracic spine with Cobb angle 
> 50°, in particular [22, 33].

Pelvic fixation
The need to realign and fix the pelvis in CP 

patients is determined by the functional status of the 
patient, the ability to walk and the extent of pelvic 
obliquity. Target fixation of the sacrum and pelvis is 
to be considered for patients GMFCS levels IV and 
V (non-ambulatory patients) and can be technically 
difficult due to osteopenia. Complications of pelvic 
fixation include resorption around screws, instability 
of intrumntation (broken screws or rods, dislocated 
nuts) and nonunions [35, 36].

The biomechanical concept of pivot point (points 
of rotation) suggests options for rigid screw fixation. 
A Multi-vector screw placement including fixation at 
the maximum width (MW-maximum width) with the 
screw heads being located ventrally from the center of 
rotation is a more stable version for the screw geometry 
[37, 38, 39] (Fig. 3A). However, soft tissue deficiency 
and the complexity of the screws and rod commutation 
can cause difficulties to be assessed during preoperative 
planning. The standard option is the use of double-
sided or iliosacral screws. We opt to use both in severe 
osteopenia. The first option is a combination of iliosacral 
bilateral fixation and transpedicular fixation of S1, the 
second is os illium fixation + bilateral fixation of the 
lateral sacral masses (Fig. 3B).

Pelvic fixation significantly improves the balance of 
the trunk for patients GMFCS levels IV and V at sitting. 
Fixation of L5 has been shown to result in a recurrence 
of pelvic obliquity in non-ambulatory CP patients with 
and severe pelvic obliquity. On the contrary, mobility at 
the L5–S1 level is to be maintained in patients GMFCS 
levels I and II without pelvic obliquity for rotational 
movements of the trunk during walking [22].
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Fig. 3 Options for sacrum and 
pelvic fixation using screws: (A) 
according to point of rotation 
concept described by McCord 
D.H. et al., 1992 [37]; (B) «MW» 
geometry according to V. Arlet et 
al., 1999 [39]

Surgical options
Dynamic systems
Assessment of the ambulation status is important for 

children aged under 7 years with early onset of scoliosis. 
There is a limited use of TSLO braces in children 
GMFCS levels IV andV. It is also important to evaluate 
thoracic insufficiency using the SAL (Space Available of 
Lung) index. It should be noted that there is an indirect 
relationship between the ability of lung tissue to grow 
(in children aged under 7 years) and the volume of the 
chest [30]. Therefore, it is extremely important to correct 
spinal deformity to improvement diaphragm position 
in children aged under 7 years.Dual growing rods are 
the most commonly used method [40, 41] (Fig. 4). 
McElroy M.J. et al. reported an improved SAL and a 
good realignment of pelvic obliquity [41]. We have not 
found a clear justification of the criteria including age, 
BMI (body mass index), EDAC (Excessive Dynamic 
Airway Collapse) has not been found in the literature for 
identifying the choice of dynamic systems or a multi-
segmental definitive fixation.

Multilevel fixation
Transpedicular screws provide three-column fixation 

allowing for greater correction forces to be applied 
including rotation to facilitate more effective posterior 

spinal fusion. Optimal diameter screws should be used 
for CP patients due to osteoporosis with all segments 
to be be fixed and allografts used [18, 29]. It is with 
the installation of At least two pairs of screws placed 
cranially are recommended to use for fixation with 
monoaxial screws mounted segmentally on the convex 
side of the apical arc and at least three pairs of screwsto 
be fixed caudally (Fig. 5).

Multi-rods Fusion
Three-rod fixation can be recommended for patients 

with a curve > 70° and mobility < 20 %. With the spine 
exposed a segmental facetectomy is performed at the 
site of instrumentation (Schwab osteotomy 1) and 
can be added by marginal resection of the arches and 
ligaments at the level of the apical arch as variations of 
Ponte Osteotomy, Smith-Petersen Osteotomy (Schwab 
osteotomy 2). A short apical rod is subsequently placed 
on the concave side with distraction, then a long rod 
is placed on the concave side with distraction of the 
main arc, a long rod is mounted on the convex side of 
the main arc at the third stage with compression at the 
level of the main arc (Fig. 6). This option shows better 
correction results providinga more reliable support 
along the concave side of the curve. The technique is 
practical for osteoporotic patients.

Fig. 4 Radiographs of the 
trunk of a 10-year-old patient 
with neurogenic scoliosis 
due CP GMFCS level V 
prior to (a, b) and following 
(c, d) dynamic fixation 
with dual growing rods at 
the Th4–S1 level (authors ' 
observation). Preoperative 
radiographs show a severe 
main lumbar lordoscoliosis, 
pelvic tilt and coronal 
imbalance measuring more 
than 52 mm. Postoperative 
radiographs demonstrate a 
balanced correction
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Fig. 5 Radiographs of 
the trunk of a 14-year-old 
patient with neurogenic 
scoliosis due CP 
GMFCS level IV prior 
to (a) and following (b) 
polysegmental fixation 
at Th4-L5 level (authors' 
observation).

Fig. 6 Radiographs of the trunk of a 
14-year-old patient with neurogenic 
scoliosis due CP GMFCS level 
V prior to (a) and following (b) 
polysegmental three-rod fixation 
at Th3-os illium level (authors ' 
observation).

Anterior release
Anterior mobilization of the spine has no 

advantages in achieving better spinal fusion for 
patients with neurogenic scoliosis, and additional risks 
bring its effectiveness into question. In addition to that, 
light weight and pathology of internal organs impose 
additional restrictions [18, 22, 23, 42]. Vialle et al. [43] 
suggest using a three-rod fixation as an alternative to 
anterior access. Auerbach et al. [44] concluded that 
posterior correction and fixation without anterior 
release in patients with a curvature measuring less 
than 72° and mobility up to 40 % showed an excellent 
correction of the pelvic tilt by 74 %, eliminating the 
risk of complications as compared to the patients who 
underwent anterior release.

Complications and consequences
The main risk factors for complications are weight 

deficiency, insufficient lung volume and chronic 
infections. Therefore, nutritional support and lung 
assessment are recommended preoperatively and 
postoperatively. NIVL would be needed for all CP 
patients GMFSC levels IV and V with orthopaedic 
complications who demonstrate hypoatelectases on 

preoperative CT scans of the lungs [22]. Anterior 
surgery often exacerbates lung dysfunction and is likely 
to increase the percentage of postoperative pulmonary 
complications including pneumonia, pneumothorax, 
atelectasis and respiratory failure [22]. The risk of 
neurological disorders associated with surgery is low. 
Neuromonitoring can be accompanied by a significant 
number of false negative or positive results and is 
practically useless. The risk of wound infection after 
spinal surgery is higher in CP patients and tends to 
increase in patients with cognitive impairment and 
epilepsy when using allografts, as well as in patients 
with low albumin and lymphocyte count [42, 45, 46].

Satisfaction of patients or their parents with the 
results of correction, improvement or stabilization 
of functional and somatic status is an important 
concern. Watanabe K. et al. [47] reported the overall 
satisfaction rate was 92 %. Ninety-three percent 
reported improvement with sitting balance, 94 % 
with cosmesis, and 71 % in patient's quality of life. 
Functional improvements seemed limited, but 8 % 
to 40 % of the patients still perceived the surgical 
results as improvement. Other authors also reported 
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