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Abstract - Congenital scoliosis is the most common congenial deformity, usually caused by one or more
hemivertebra. There is strong progressive potential of the deformity in about 50% of scoliosis patients with this
aetiology. The objective of our study was to report the results of the technique we use in the correction of
congenital scoliosis caused by a hemivertebra and to determine the correction percentage of the deformity and
observe the evolution in time of our patients. We selected a small study group of patients from our hospital, with
complete medical records, with at least one year follow-up after the surgery, no other surgeries on that site and
operated by the same senior surgeon. The technique we describe consists of a single approach procedure using
transpedicular enucleation of the vertebra, removal of the pedicle, correction of the deformity and posterior fusion
using segmentary fixation. The patient`s mean age at the time of surgery was 14.78(±2.09) years showing a
progressive curve in the last year or a major deformity requiring surgical treatment; the mean scoliotic deformity
was 62.35̊ (±12.91) before surgery and 26.64̊ (±11.57) after the operation; with a mean correction of
58.7(±12.25)% of the initial curve. At the latest follow-up the mean curve was 28̊ (±11.78), with no significant
difference to the immediate postoperative measurement. Transpedicular enucleation associated with posterior
spinal fusion is a safe and effective method for one-stage correction of a spinal deformity caused by the presence
of a hemivertebra.
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of a spinal dysraphism and on the cervical region due
to the connection with the Klippel-Fail syndrome [3].
After we studied the literature and the statistics we
observed that 25% of the curves do not progress, 25%
progress in a moderate way and 50% progress very
fast and need special treatment [4].
Surgical treatment of hemivertebra has been first
described by Royle in 1921 [5], ever since there has
been a large number of procedures that have been
described, mostly based on the transpedicular
approach and partial or complete removal of
vertebral body [6].
In this paper, we shall describe the method we use,
which consists of the enucleation of the vertebral
body using a transpedicular access, somehow similar
to the procedure used during a pedicle subtraction
osteotomy [7] , followed by the removal of the
pedicle and a compression force applied on the
vertebral segmentary stabilization system inserted.

1 Introduction
Congenital scoliosis is the most common congenital
deformity, most usually caused by the existence of
one or more hemivertebra. Failure of formation or
segmentation and a combination of these are the
causes of congenital scoliosis. The hemivertebra is
caused by complete failure of formation – missing
one pedicle and a region of the vertebral body;
incomplete failure leads to a wedged vertebra 1.
There is a strong progressive potential and little
response to bracing treatment in the case of a patient
with congenital scoliosis caused by a hemivertebra,
the worst prognosis being in the fully segmented
unincarcerated vertebra [1].
It is believed that congenital scoliosis is caused by
damage caused to the fetus in the interval between the
5th and the 8th week of pregnancy (the spine
development interval). It is also frequently associated
with spinal cord dysraphism, congenital heart disease
and kidney disorders [2].
Clinical examination of a patient presenting with a
congenital scoliosis must be thorough, with focus on
the skin of the patient, looking for the presence of
nevi, hairy patches or hemangiomas which are signs
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cancellous and cortical bone as autologous bone graft
and placed it on the lateral side of the rods to enhance
formation of the arthrodesis.
One patient presented 3 months after surgery with
2 level screw pull-out, the surgery was revised, larger
diameter screws were implanted and the fixation was
extended with two levels; due to difficult cooperation
with the patient we also used thoracolumbosacral
brace for 3 months after the revision.
The preoperative evaluation of the patient consisted
of standard blood tests, respiratory and neurologic
evaluation, MRI examination (usually of the entire
spine, looking for any abnormality of the spinal cord)
and radiologic evaluation consisting of standing
AP(antero-posterior) and LL(latero-lateral) x-rays of
the whole spine and lateral-bending x-rays used for
assessing whether the curves are structural or not.
Cobb angles were measured according to the
scoliotic curvature on AP view x-rays and standard
sagital balance measurements were made on the LL
view (T4-T12 thoracic kyphosis, L1-S1 lumbar
lordosis, the C7 plumb line and spino-pelvic
parameters) – allowing us to determine also the
sagital imbalance of the patient before the surgery, if
it was present, and the ideal kyphotic and lordotic
curves for each case [10] [11]. All the patients had xrays taken the first day after the surgery and standing
ones taken at the usual follow-ups (6 week after the
surgery, 3 months, 6 months, 1 year and then once
per year).

2 Patients and methods
In this retrospective study, we reviewed all the
medical records of the patients with a congenital
scoliosis secondary to a hemivertebra, that were
operated in the Foisor Hospital – in the interval 20072016, and we selected a small group of 14 patients
with full medical records including the postoperative
follow-up of at least 12 months, with no previous
surgery on that area and operated by the same senior
surgeon.
Our study was approved by the Hospital Ethics
Committee and Review Board, all the patients and
their legal representatives signed the informed
consent the day before the surgery for the procedure.
The surgeries were performed by the same team,
the patient placed in prone positon on the radiolucent
operating table, using endotracheal anesthesia and
our surgeon-directed neuromonitoring system using
motor evoked potentials for the patients operated in
the final 4 years of the interval and the Stagnara
wake-up test for the previous period [8].
We use a single approach procedure consisting of
transpedicular enucleation of the vertebra, removal of
the pedicle, correction of the deformity and a
posterior fusion using segmentary fixation. The
procedure starts with a posterior midline incision,
subperiosteally dissection (extended to the lateral
margin of the transverse process in the lumbar spine
or to the proximal part of the rib in the thoracic spine)
exposing the posterior elements at the level of the
hemivertebra, and the levels above and below used
for fixation. Pedicle screws are inserted above and
below the hemivertebra level, according to our
preoperative planning, to obtain the desired
correction (because our patients have a Riser score of
at least +++ we use a posterior final fusion
technique). After having the intraoperative
confirmation of the hemivertebra and the correct
placement of the screws for the final correction we
identify the posterior elements of the hemivertebra,
remove the lamina if present resect any part of
articular process if it exists, and open the pedicle with
a probe. We use the pedicle canal to remove
cancellous bone from the vertebral body with
curettes, a technique similar to the one used in the
pedicle subtraction osteotomy, after this the whole
pedicle is removed. In case of a thoracic vertebra we
usually resect the head of the rib articulated with the
hemivertebra to allow better deformity correction;
the rods are placed and the deformity is completely
corrected using compression and distraction
manoeuvres on the two rods [9]. If the patient`s spine
allows deformity satisfactory correction without
complete removal of the hemivertebra`s pedicle, we
chose incomplete removal. We used the removed
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3 Results
The 14 patient`s ages were between 12-18 years
(mean age 14.78±2.09 years); 5 males and 9 females;
with a follow-up period of 12-108 months (mean
average follow-up 60 months). The mean
preoperative scoliosis curve was 62.35̊ (±12.91) and
the was corrected to a mean postoperative angle of
26.64̊ (±11.57) , at the final recorded follow-up the
mean Cobb angle was 28̊ (±11.78), – with no
significant difference to the postoperative value
(P>0.05) -Table 1 thus showing the maintaining of
the correction. The mean correction was 58% of the
initial curve. There were strictly unincarcerated fully
segmented hemivertebrae present in this group, 4
patients presented with intrathecal abnormalities –
syringomyelia which required special care while
reducing the curve during the surgery. The average
intraoperative haemorrhage was 425ml and the
average operating time was 3 hours. There were no
neurologic alterations after the surgery. All the
patients were mobilised 24-48 hours after the
surgery, without any movement restrictions and were
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discharged from the hospital in an average 5 days
after the procedure.

fixation only on the convex side, alowing
correction for the patients with marked growth
potential present. [13]
Our technique, using the pedicle as a passageway to the hemivertebra body, removing the
cancelous bone inside it -and by this reducing the
growth potential of the hemivertebra (the blood
supply of the endplate comes from the cancelous
bone inside the vertebral body) [14] associated
with the removal of the pedicle afterwards
insures that the forces developed on the convex
side of the curvature will be reduced. One of the
advantages of the technique is that there is no
need to open the spinal canal. We stabilise the
spine with pedicle screws, this system allows for
better correction of the deformity using
compression manoeuvres on the convex side and
distraction in the concavity.
In this study we present our experience with
the described surgical technique, as we managed
to obtain a mean correction of about 58% of the
initial curve, with only one postoperative
complication which was solved at the first
revision. Using the data presented in this small
group we consider this a safe technique used by
an experienced surgeon, offering good results
and a small complications rate.
The crankshaft phenomenon did not occur in
our cases as all the patients were in the Risser
+++ stage, with not a very large growth potential
available.

4 Discussion
Scoliosis caused by hemivertebra is a
progressive disease, with rapid progression and
more or less unfavourable prognosis depending
a few main factors: the number of
hemibvertebrae, the level of the deformity, the
type of the hemivertebrae, the association with
another congenital anomality in the spine and the
growth potential of the patient.
The most common type of hemivertebra is the
fully segmentat nonincarcerated one, also having
the worst prognosis. On one side the two growth
place are absent in contrast to the opposite side
with two relatively normal growth plates, this
way the hemivertebra is acting like an enlarging
wedge. Upper thoracic curves (T1-T4) have a
slow potential for deterring, they can reach 40̊ at
growth arrest, they usually cause an image
deformity by elevating of a shoulder (it can be
observed at a curve of more than 30̊). Lower
thoracic and thoracolumbar curves (T5-L1) have
a higher deterioration rate and can exceed 45̊ at
growth arrest. Lumbar curves (L2-L4) can also
reach 45̊ at skeletal maturity – this way having a
potential for continuous deterioration during
lifetime. Lumbosacrat hemivertebrae cause an
oblique spinal take off which causes a large
secondary structural compensatory curve above.
Royle reported in 1928 first excision of a
hemivertebra using an anterior transpleural
approach, Compere and VonLackum and Smith
in the lumbar spine. Two stage procedures were
reported and became common in practice until
the next stage – single surgery with double
approach by Kokubun and Leatherman.
Combined
approaches
offer
several
advantages over posterior only correction, by
obtaining a better correction, reducing the
potential of the cranckshaft effect and the risk of
the pseudarthrosis but all these the complexity,
morbidity and complications of double
approaches remain an important concern [12],
this way leading to the development of single
stage posterior surgical techniques.
Ginsburg at al raported a transpedicular
hemiepifiziodesis, using a short segmentary
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5 Conclusion
Transpedicular enucleation associated with
posterior spinal fusion is a safe and effective
method for one-stage correction of a spinal
deformity caused by the presence of a
hemivertebra. The described method allows for
immediate correction of the deformity by
removal of the cancellous content of the
hemivertebra, thus reducing the growth
potential, removal of the pedicle in some cases
and direct correction with the instrumented
spinal fusion by compression and distraction.,
reducing the growth potential and direct
correction with the instrumented spinal fusion.
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6 Example case

PRE‐OP, POST‐OP AND
CORRECTION ANGLES

Pre‐op

4055727585706055457068656065

Post‐op

1020413644321816123524203536

Correction 3035313941384239333544452529
Pre‐op

Post‐op

Correction

Figure 1 - Graphic view of the corrections obtained
Table 1 - Details of the patients in the study group
Cas
e

Age
(yrs)

Gen.

1

12

M

2
3

14
18

F
F

4
5

17
17

6
7

Foll.up
months

Fusion
lev.

15

Level
of
Hem.
T7

T5-T9

Blood
loss
(ml)
200

12
48

T8
L1

T5-T10
T11-L2

400
700

M
M

48
120

T12
T10

T4-L3
T3-L2

500
500

18
14

F
F

84
96

T11
T8

T4-L3
T5-T11

600
300

8
9

14
12

F
M

60
24

T10
T7

T8-L1
T4-T10

350
200

10
11

13
13

F
F

60
36

T10
T7

T4-L3
T4-T11

500
400

12

14

M

36

T10

T4-L1

300

13
14

15
16

F
F

36
24

T6
L5

T4-T12
L3-S1

400
600

E.M.L 16 years old female, T8 hemivertebra
with a progressive scoliotic deformity. We
performed a single stage posterior approach,
enucleated the hemivertebra and corrected and
stabilized the deformity with segmentary
fixation.
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