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Surgical treatment of severe congenital 
spinal deformities remains an urgent 
problem of modern orthopedics . 
According to the State Statistics 
Committee, there were a total of 
28,202,500 children aged 0 to 17 in 
the Russian Federation in 2006. The 
average incidence of scoliosis in pediatric 
population (9 %) allows calculating that 
2.53 million children and adolescents 
suffer from scoliotic deformity of the 
spine. Assuming that the proportion of 
congenital scoliosis in pediatric scoliosis 
is 2.5 %, the absolute number of patients 
suffering from this pathology in Russia 
can be estimated as 63,250 people. [6] 
There are well developed methods of 
surgical treatment of vertebrae formation 
disorders and pure congenital kyphoses 
[5, 7, 8, 18]. A single hemivertebra can be 
extirpated with simultaneous correction 
of deformity and fixation of the spine 
over a limited section (2–3 segments). 
Modern instrumentation allows for 
fixation either by fixing an implant 
at vertebral arcs or by introduction of 
pedicle screws to support the structure. 
The optimal strategy in case of kyphosis is 
wedge vertebrectomy with multisupport 

endocorrectors. Currently, the method of 
staged correcting distraction of the spine 
and thoracic volume correction using 
VEPTR instrumentation is employed [2, 
9, 10].

We present a clinical observation of 
surgical treatment of a patient with mul-
tiple skeletal malformations, congeni-
tal kyphoscoliosis of the thoracic spine, 
non-fusion of vertebral arches and ver-
tebral bodies from the C5 to the sacrum 
(bodies are separated from arches with 
slit-like defects along the whole length), 
and spinal compression syndrome.

Patient N., 14 years of age, was admit-
ted to the department with complaints 
of spine deformity, weakness in the lower 
limbs, and dysfunction of pelvic organs. 
The deformation of the spine was identi-
fied at birth. The patient received conser-
vative treatment (physical therapy, mas-
sage) and was monitored by a neurolo-
gist at the place of residence. In 2006, 
at the age of 9 he was examined in the 
CITO and diagnosed with severe spinal 
deformity of congenital nature. Clini-
cally, at that time, dysfunction of pelvic 
organs of peripheral type manifested as 
true incontinence and involuntary defe-

cation. There was no paresis and sensory 
disturbances. The child was monitored 
and received conservative treatment 
at the place of residence. The parents 
have noted gradual progression of the 
deformity. In 2011, he developed spastic 
contractions in the muscles of the lower 
limbs, required support for walking, and 
weakness and spasticity in the legs gradu-
ally increased; in 2012, one week before 
the admission to the CITO he lost the 
ability to walk.

Neuroorthopedic status on admission: 
clinical symptoms of kyphoscoliosis of 
the thoracic and lumbar spine and chest 
deformity. Paravertebral muscles are 
relaxed, painless. The spinal deformity 
is not corrected by traction of the head. 
Neri, Dejerine and Lasegue symptoms are 
negative. Motor functions: upper limbs, 
no pareses, tendon reflexes were brisk 
and symmetrical; lower limbs, lower spas-
tic paraparesis, iliopsoas muscles 3 points 
on the right, 4 points on the left, quad-
riceps muscle 3 points on the right, 5 
points on the left; extensors of feet and 
fingers 2 points on the right, 4 points on 
the left; flexors of the lower leg 3 points 
on the right and left, medium and small 
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gluteal muscles 2 points, large, 1 point. 
Knee-jerk reaction of medium strength, 
Achilles reflexes cannot be engaged due 
to spasticity and forced position of the 
feet in flexion. Abnormal Babinski reflex 
on both sides; Preserved top and mid-
dle left abdominal reflexes. Equinovarus 
position of the feet. If the legs are bent at 
the hip and knee joints, the feet move to 
physiological position of 90°; conductor 
hypoesthesia (hypoalgesia) from T7–T8 
level. Impaired function of pelvic organs 
of incontinence type. According to his 
mother, the child tries to move around 
a room over short distances, in upright 
position, using both arms for support 
with the weight on the forefeet.

Conclusion: thoracic myelopathy, low-
er spastic profound paraparesis with dys-
function of the pelvic organs (Frankel C; 
ASIA: motor, 81 points, needle prick, 84 
points, touch, 84 points).

The following special methods of 
investigation were used: X-ray, CT, CT 
myelography, MRI, angiography.

CT of the spine: severe malformation 
of the cervical, thoracic and lumbar spine 
with rough kyphoscoliosis at the thoracic 
spine level; aplasia of C2 vertebra arch 
with C2–C3 bone block. From level of 
C5 on the left and C6 on the right, non-

fusion of vertebral bodies and arches to 
the sacrum (bodies are separated from 
arches with slit-like defects along the 
whole length, Fig. 1); there are also mul-
tiple butterfly-like vertebrae at different 
levels; T5 vertebral body is hypoplastic, 
wedge deformed, and synostotic with 
T4 and Th6 bodies; kyphotic deforma-
tion of the thoracic spine with apex at 
T5 (kyphosis angle of 90°); visible spinal 
stenosis at the level of T5–T6 vertebrae 
and to a lesser extent at the level of T12; 
the lumbar vertebral arches are close 
together, bodies of the lumbar vertebrae 
are dislocated towards pelvis with under-
lying hyperlordosis; hypoplasia of sacral 
vertebral bodies and aplasia of the lateral 
masses of the sacrum (pelvic cavity dra-
matically reduced in volume); there are 
also the thoracic malformation, aplasia 
of dorsal section of ribs IV–VI on the left, 
ribs V and VI on the right and complete 
aplasia of rib I on the left and ribs I and 
II on the right (Fig. 1).

CT myelography: contrast agent can 
be traced at all examined levels, dural 
sac is deformed at the level of the nar-
rowing of the spinal canal (T5–T6 and 
T12 vertebrae), the spinal cord is thinned 
at these levels; maximum narrowing of 

the spinal canal at the T5–T6 level up to 
80 % (Fig. 2).

MRI: a series of tomograms reveals 
changes in the axis of the thoracic and 
lumbar spine; at the studied levels the 
endplates of the vertebral bodies and the 
articular surfaces of the intervertebral 
joints have irregular contours, are moder-
ately compressed and notably deformed; 
at the middle thoracic and upper lumbar 
spine vertebral bodies and posterior ele-
ments are malformed, the spinal canal 
is narrowed with pronounced deforma-
tion; sacrum is partially present; the inter-
vertebral discs and vertebral body at the 
studied level have reduced height and 
signal intensity; the spinal cord has pro-
nounced deformation due to compres-
sion by the deformed vertebral bodies at 
the middle thoracic and upper lumbar 
levels, which also cause the narrowing 
of the spinal canal, with no signs of CSF.

Abdominal aortography, spinal arte-
riography (Fig. 3), excretory urography: 
the thoracic and abdominal sections 
of the aorta are identified on a series 
of angiograms, passable throughout; 
no deformation of the aorta, visceral 
abdominal aorta branches are arranged 
in a typical manner and are unchanged; 
great anastomotic artery is visible orig-

Fig. 1
CT of the Patient N., 14 years old, prior to the surgery: the arrows indicate the absence of arc roots in the thoracic and lumbar spine
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inating from the left intercostal T11 
artery; great anastomotic artery runs 
into the anterior spinal artery at T9 level; 
ascending and descending sections of the 
anterior spinal artery are not visible; the 
spinal cord cone is not contrasted; renal 
pelvis system is unchanged; ureters are 
passable throughout.

Spirography: disruption of ventilator 
function of the lungs of restrictive type.

Given the complexity of the malfor-
mation, the severity of the spinal defor-
mity, the presence of gross neurologi-
cal symptoms, a CT-based full-scale ste-
reolithographic model of the patient’s 
spine has been produced to better assess 
the situation and choose the optimal 
approach to surgery (Fig. 4). A particular 
feature of this model is its exact match 
to the anatomy of the patient’s deformed 
spine. Analysis of the clinical presenta-
tion, the data of the specialized exam-
ination, and the direct visualization of 
the spine using the stereolithographic 
model led to the following conclusions: 
1) a surgical intervention is indicated to 
eliminate the neurological disorders; 2) 
to achieve this goal it is necessary to per-
form spinal decompression with spinal 
stabilization (ideally also with the cor-
rection of the spinal deformity).

The examination of the stereolitho-
graphic model of the spine and its com-
parison to the commonly used implants 
revealed futility of using dorsal fixation 
systems, namely the complete ineffec-
tiveness of hook systems and highly 
questionable feasibility of using pedicle 
screws. After weighing all pros and cons, 
we decided to perform surgery within 
the following scope: anterior decompres-
sion and anterior fixation of the spine by 
resection of vertebral bodies at the apex 
of the deformity with decompression of 
the spinal cord, anterior spinal fusion 
using a graft from the patient’s own rib 
and ventral fixation with metal construc-
tion (Fig. 5).

Course of the surgery. Right transtho-
racic access through the bed of rib IV. 
Marked kyphosis with the apex at the 
level of T4–T5–T6 vertebrae. The ver-
tebral bodies are deformed. Resection 
of T4–T5–T6 vertebrae bodies, decom-
pression of the dural sac along the entire 

length of the kyphosis. Screws are intro-
duced into the frontal plane of T3 and 
T6 vertebral bodies, a rod is placed on 
the screws and fixed with nuts. The rib 
autograft is laid on the lateral surface of 
the vertebral bodies is tied to the metal 
construction using Dacron. The postop-
erative course was uneventful; the patient 
was kept in the intensive care unit for 24 
hours for observation, and then trans-
ferred to the department. CT control: 
full decompression of the spinal canal 
(Fig. 6).

Examination by a neurologist on Day 
1 after the surgery: lower spastic parapa-
resis is present with unchanged severity, 

conduction hypoesthesia (hypoalgesia) 
from T7–T8 level. Conclusion: no neg-
ative dynamics in the early postopera-
tive period. Neurological status 20 days 
after the date of the surgery: clear posi-
tive dynamics in neurologic status in a 
form of increase in the lower limb mus-
cle strength to 5 points, but pronounced 
spastic hypertonicity with varus position-
ing of the feet. The patient can overcome 
spasticity on one’s own.

Pronounced postural and protective 
pathological reflexes with redistribution 
of spastic hypertonia. Conduction hypo-
esthesia (hypoalgesia) from T7–T8 lev-
el on the left, with hypertension on the 

Fig. 2
Myelography and CT myelography of the Patient N., 14 years old, prior to the surgery
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right (Frankel D; ASIA: motor, 90 points, 
needle prick, 84 points, touch, 84 points). 
Leningrad-type corset was made for the 
patient. Upright in the corset.

The patient was followed up on an 
outpatient basis and arrived to control 
examination 6 months after the surgery. 
Positive dynamics was observed. The 
patient moves independently, without 
additional support. Recovery of muscle 
strength in the limbs to 5 points (Frankel 
E; ASIA: motor, 100 points, needle prick, 
112 points, touch, 112 points; see Table). 
The metal construction was stable based 
on clinical and X-ray data; CT reveals 
signs of bone block formation. Normal 
function of the pelvic organs.

Three years from the date of the sur-
gery, clinical and radiological examina-
tion reveal no deterioration.

Discussion

There is rather limited number of 
reports on arch root anomalies in the 
literature; as a rule, they are represented 
by descriptions of individual clinical 
cases. The first arch root aplasia was 
described by Hadley in 1946 [12] in 
the cervical spine. In 1986, Lederman 
and Kaufman [14] gave a description of 
aplasia and hypoplasia of the roots of 
the thoracic vertebrae arches. In 1997, 
Villas and Barrios [19] reported a case 
of a 23-year-old man with congenital 
kyphoscoliosis, who had no posterior 
elements (arches and arches roots) at 
L2 vertebra. The patient suffered from 
pain in the spine and the progression 
of the deformity. Two-stage surgical 
intervention was performed (dorsal 
correction and fixation, anterior L1–L4 
interbody fusion).

In 2000, Rauzzino et al. [16] reported 
a case of a 14-year-old boy with bilateral 
aplasia of the arch roots from T4 to T8 
vertebrae, who suffered from pain and 
lower spastic paraparesis. The examina-
tion revealed spinal stenosis at the apex 
of the kyphosis. The spinal deformity was 
stabilized using the posterior multisup-
port tools in combination with the pos-
terior spondylosyndesis. There were no 
improvements in the neurological sta-
tus in the postoperative period. In 2008, 

Geoffray et al. [11] examined a 9-month-
old child with congenital kyphoscolio-
sis, who had no arc roots on both sides 
between T2 and T9 vertebrae. There were 

no neurological symptoms. Surgical treat-
ment of the patient was not performed.

In 2010, Ishida et al. [13] reported a 
case of a 59-year-old patient with con-
genital type 2 kyphosis, who developed 

Fig. 3
Spinal arteriography of the Patient N., 14 years old: the arrows indicated the great 
anastomotic artery

Fig. 4
Stereolithographic model of the Patient N.’s spine, 14 years old: the arrow indicate the 
absence of arches roots in the thoracic and lumbar spine
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spinal stenosis at the level of T10–T11 
with myelopathy, lower paraplegia and 
pelvic organs dysfunction. The patient 
underwent a surgical intervention: cos-
totransversectomy, laminectomy at the 
T10–T11 level with the spinal cord 
decompression and dorsal fixation of the 
spine with a metal structure along T7–L2. 
Neurological symptoms regressed after 
the surgical intervention. In 2013, Patel 
et al. [15] considered congenital hypo-
plasia of the arc roots of the lumbar ver-
tebrae as a rare cause of spondylolisthe-
sis in children. In 2015, S.V. Vissarionov 
et al. [1] described a case of a 2-year-old 
patient with a congenital deformity of 
the thoracic spine with multilevel bilater-
al aplasia of the arc roots of the thoracic 
and lumbar vertebrae. The spinal defor-
mity was stabilized using posterior mul-
tisupport tools under the control of the 
active 3D-CT- navigation. Stable correc-
tion improved the scoliotic deformity of 
the spine by 30 % and kyphosis by 50 %.

In our case, the patient had an 
extremely complex congenital malfor-
mation of the spine and the ribs. We were 
unable to find any description of such 
skeletal abnormalities in the literature. 
I would like to remark on its features 
once again: multiple anomalies of ribs 
(aplasia of the dorsal sections of ribs IV–
VI on the left, ribs V and VI on the right 

and full aplasia rib I on the left and rib II 
on the right); aplasia of the arc roots in 
the cervical, thoracic and lumbar spine; 
hypoplasia of the T5 vertebral body with 
the formation of the thoracic kyphosis 
and spinal canal stenosis; complex defor-
mity of the sacrum, which does not fit 
into the 5 known Cama types of caudal 
regression, hypoplasia of the sacral ver-
tebrae bodies and aplasia of the lateral 
masses of the sacrum [17]; a decrease in 
the volume of the pelvic cavity.

The development of neurological 
symptoms in this patient was due to 
stenosis of the spinal canal at the apex 
of kyphosis. The kyphotic deforma-
tions of the vertebral bodies are always 
dynamically unstable, and the rate and 
the extent of kyphosis progression are 
inversely related to the extent of the 
development of anterior and middle 
vertebral column. The risk of neurologi-
cal complications in congenital kyphosis 
is high and directly related to the type 
of deformity and the degree of spinal 

Fig. 5
Intraoperative snapshot with spinal cord decompression and installed metal construction with rib autograf (a) and radiographs (b) 
of the Patient N., 14 years old, after surgery

Fig. 6
CT of the Patient N., 14 years old, after surgery: visible spinal decompression

ба
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canal stenosis. The average incidence 
of vertebral myelopathy in kyphosis is 
21.1 %. In case of vertebral bodies agen-
esis, the incidence of neurological com-
plications is greater than 66.0 % (the 
degree of the spinal canal stenosis is 2/3 
or more of their proper values), in case 
of hypogenesis it amounts to 33.0 %, and 
in case of hypoplasia to 20.0 %. Com-
bined kyphosogenic deformities (type III 
kyphoses) are accompanied by myelopa-
thy in 30.8 % of cases [3, 4].

The use of three-dimensional full-
scale models of the spine is becoming 
more widely used by spinal surgeons 
who deal with extremely complex 
deformities of the spine of congenital 
or another etiology [20]. 3D-models are 
constructed based on data from high-
resolution CT, which provides the exact 
anatomic matching to the bone struc-
tures. There are no Russian articles on 
the use of three-dimensional plastic 
models in spine surgery. According to 
foreign publications, the most common 

approach to manufacture the model is 
stereolithographic prototyping method, 
which was used in this case. The avail-
ability of a full-scale plastic model of the 
deformed spine provides an invaluable 
advantage in comprehending and under-
standing the nature of spinal deformity 
due to the excellent visualization, even 
when compared with the three-dimen-
sional CT image, and tactile informa-
tion. In addition, it made it possible to 
conduct a stimulated operation, name-
ly establish the scope and nature of the 
required bone resection for the purpose 
of decompression of neural structures, 
and planning and carrying out corrective 
osteotomies, etc. [21]. Equally important 
is the ability to assess the effectiveness of 
various metal fixators. We appreciated 
the advantages of using a volume model 
of the spine in this clinical case.

The clinical presentation of the com-
plex congenital spine anomaly with spi-
nal compression syndrome, the data of 
visualization techniques and assessment 

of the deformity using the stereolitho-
graphic model defined the choice of a 
method for surgical treatment. We ruled 
out posterolateral decompression of the 
spinal canal, since its implementation 
was associated with extremely high risk 
of exacerbation of the existing neurolog-
ical symptoms. The deformity correction 
using dorsal instruments was also ruled 
out due to extremely high risk of desta-
bilization of the metal construction in 
the postoperative period. This made us 
decide in favor of anterior decompres-
sion and anterior stabilization.

Conclusion

The surgical intervention helped to 
restore the spinal cord function, achieve 
regression of neurological symptoms 
and return the patient to active life. 
Even though the spinal deformity was 
not eliminated, in this particular case 
the removal of spinal stenosis and 
fixing the anterior spinal column were 
of paramount importance and were 
successfully achieved. The atypical 
congenital anomalies of the spine require 
case-by-case approach to the selection of 
method for surgical correction, which 
first of all takes into account the clinical 
presentation and anatomical features 
of the patient. Stereolithographic 3D 
model allows qualitative assessment 
of deformation and the selection of the 
best option for surgery.

Table

The dynamics of neurological disorders during the treatment

Scales Before surgery After surgery

After 20 days After 6 months

Frankel C D E

ASIA, points

– Motor

– Needle pick

– Touch

81

84

84

90

84

84

100

112

112
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