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Background: Anterior and posterior convex hemiepiphysiodesis

is a widely used surgical alternative in the treatment of con-

genital scoliosis. This procedure has the disadvantage of the

need for both anterior and posterior approaches. Furthermore,

outcomes may be unpredictable. Posterior convex growth arrest

(CGA) with pedicle screws at each segment on the convex side

may obviate the need for anterior surgery and provides more

predictable outcomes. This study retrospectively evaluates the

safety and efficacy of instrumented posterior CGA in congenital

scoliosis.

Methods: Patients who had posterior CGA with convex pedicle

screw instrumentation for congenital scoliosis were evaluated

retrospectively. Thirteen patients (6 male, 7 female) were in-

cluded in the study. Preoperative, early postoperative, and last

follow-up standing posteroanterior and lateral x-rays were

evaluated. Cobb angles were recorded for the instrumented

segment (main curve). Global thoracic kyphosis was measured

between T2 and T12 on sagittal plane. These values were com-

pared preoperatively, postoperatively, and at last follow-up. The

T1-S1 vertical height and the height between the concave side

pedicles of the upper and lower end vertebra of the main curve

was also determined and recorded as the concave height.

Results: The average follow-up was 56.1±10 months (range, 36

to 74mo) and the average age of the patients at the time of

operation was 64.5±30.1 months (range, 15 to 108mo). All

patients were Risser zero at the time of surgery. The average

curve magnitude was 49±10.9 degrees (range, 34 to 68 degrees)

preoperatively, 38.3±9.7 degrees (range, 28 to 58 degrees) early

postoperatively, and 33.5±12.4 degrees (16 to 52 degrees)

at last follow-up. There was a significant difference between

the preoperative and early postoperative main curve Cobb

angle measurements (P=0.001). The average concave height

was 94.2±20.2mm in the early postoperative period and

104.7±21.7mm at last follow-up (P=0.003). The average T1-

S1 height was 292.1±67.1mm in the early postoperative period

and 363.9±94.5mm at last follow-up (P=0.005). There was at

least Z5 degrees improvement in 9 of the 12 patients in the

follow-up period after the index procedure. In 3 patients, the

curve did not change and the correction was maintained. Curve

progression was observed in 1 patient due to a technical error.

There were no wound infections or instrumentation failures

during follow-up.

Conclusions: Instrumented CGA can safely be used in long

sweeping curves of immature spines. Using this technique;

thoracotomy, anterior procedure, and 2-stage surgery can be

avoided. Moreover, it guarantees some degree of correction in

all patients because of the instrumentation effect, eliminating the

unpredictable nature of classic CGA.

Level of Evidence: Therapeutic level IV study.
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Convex growth arrest (CGA), which has been used in
the treatment of long sweeping congenital curves of

children, relies on the Hueter-Volkmann principle.1,2–5

This principle was primarily described for longitudinal
long-bone growth and indicates that the compressive side
of a deformity undergoes nonphysiological loading that
produces the suppression of growth at the physis.6 The
concept for the management of long-bone deformities
relies on passive tethering on 1 side of the physis while
allowing growth on the other side.7–9

The logic behind the long-bone deformity treatment
concept has been applied to spinal deformities. CGA aims
to control spinal deformity by growth inhibition on the
convex side while allowing normal growth on the concave
side, provided that there remains enough growth potential.3

Posterior/anterior CGA has been the treatment of
choice in early-onset congenital spinal deformities.1 Al-
though successful results have been reported with the
technique, different rates of failure ranging from 8% to
21% have also been described.3,10,11 The need for an
additional anterior procedure has been one of the most
worrisome drawbacks of the procedure. Other problems
such as unpredictability of curve behavior, slow and in-
adequate correction, poor control of long curves >50
degrees, and the inability to control trunk balance im-
mediately after surgery have also been reported in CGA.3

Also, the technique does not guarantee deformity cor-
rection and may maintain the already existing curve in
40% of the patients while providing slight correction
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in the other 40%. However, the amount of the correction
and the time needed for that correction is unpredictable.

It has been shown in an experimental study that
pedicle screws can also control anterior column growth.12

Although some experimental research has shown that
pedicle screws may have detrimental effects on vertebral
canal growth,13,14 the safety of pedicle screw application
has also been previously studied, and concerns regarding
the utilization of pedicle screws in the immature spine
have been largely eliminated.15–17

To negate the previously mentioned 3 main draw-
backs of the classic CGA (the need for anterior surgery,
being unable to obtain acute correction, and unpredict-
ability of gradual correction) the technique has been
modified. We applied pedicle screws through the posterior
approach in every level of the deformity on the convex
side aiming to control convex growth both posteriorly
and anteriorly. The safety and efficacy of this modified
technique has been investigated in this study.

PATIENTS AND METHOD
Patients who had posterior CGA/hemiepiphysodesis

with convex pedicle screw instrumentation for congenital
scoliosis were evaluated retrospectively. Thirteen patients
(6 male, 7 female) were included in the study. Preoperative
evaluation included a thorough neuromuscular examina-
tion, routine radiographs, 3-dimensional computed tomo-
graphy scan, and magnetic resonance imaging due to in-
creased incidence of intraspinal abnormalities associated
with congenital scoliosis. Also cardiovascular and uro-
genital examinations were performed to detect congenital
heart diseases and abnormality of the renal system. No
such abnormalities were found. All patients had docu-
mented curve progression before the surgery. Indication
for this technique is a long sweeping curve which includes
>4 to 5 segments in young children who are not suitable
for single hemivertebrectomy, patients not suitable for
taking the risks of posterior vertebral colon resection or
not having primary thoracic insufficiency which requires
expansion thoracoplasty.

Surgical Technique
The patients were positioned prone on the operating

table. Chest rolls were used to allow for quality lateral
fluoroscopic images. A standard midline skin incision was
used, and subperiosteal dissection was performed on the
convex side only. Fluoroscopy was used for the determi-
nation of instrumentation levels. The selection of the in-
strumentation and fusion levels was identical to the
technique described previously.1,3,4 Arthrodesis and in-
strumentations involved the full length of the curve poste-
riorly (from the most tilted upper end vertebra to the most
tilted lower end vertebra). Instrumentation was only used
on the convex side of the deformity with pedicle screws and
compression, facets were resected and some degree of rod
rotation and in situ contouring was also performed
(Figs. 1, 2). Finally, decortication and fusion with allograft
was performed. Rods of 3.2mm were placed in 2 patients,
4.5-mm rods were placed in 11 patients, and 3.5 to 5.5mm

diametered width various lengths (according to the patient’s
pedicles) titanium pedicle screws were used. The concave
side was not exposed as continued spinal growth on this
side will improve the correction. No postoperative bracing
was required, and all patients were allowed weight-bearing
activity immediately after surgery.

Preoperative, early postoperative, and last follow-
up standing posteroanterior and lateral radiograms were
evaluated. Cobb angles were recorded for the in-
strumented segment (main curve). Global thoracic ky-
phosis was measured between T2 and T12 on sagittal
plane. These values were compared preoperatively, post-
operatively, and at last follow-up. The height between T1
and S1 was determined by the vertical distance from the
midpoint of superior endplate of T1 to the midpoint of
the superior endplate of S1. The height between the
concave side pedicles of the upper and lower end vertebra
of the main curve was also determined and recorded as
the concave height. Both the T1-S1 height and the con-
cave height were measured in early postoperative and in
last follow-up x-rays.

RESULTS
The average follow-up was 56.1±10 months

(range, 36 to 74mo) and the average age of the patients at
the time of operation was 64.5±30.1 months (range, 15
to 108mo). All patients were Risser zero at the time of
surgery. The average hospital stay was 5.6 days (range, 3
to 8 d). Patients’ demographic data are summarized
in Table 1. None that the patients had early or late
postoperative neurological deficit. There was no peri-
operative infection. As pedicle screws on the post-
operative radiographs masked pedicle shadows,
Perdriolle and Vidal’s and Nash and Moe’s methods were
not suitable for the measurement of vertebral rotation on
postoperative images. However, we have not observed
any changes in the angle or rotation of the screws.18,19

When all patients were evaluated together, the average
main curve magnitude was 49±10.9 degrees (range, 34 to 68
degrees) preoperatively, 38.3±9.7 degrees (range, 28 to 58
degrees) early postoperatively, and 33.5±12.4 degrees (16 to
52 degrees) at last follow-up. The difference between the
preoperative and early postoperative main curve Cobb angle
measurements was significant (P=0.001) with an average of
10.6±5.7 degrees correction. There was no difference be-
tween the early postoperative and last follow-up measure-
ments (P=0.059). The sagittal plane remained stable and
there was no deterioration (preoperative kyphosis=33.7±
14.5 degrees; early postoperative kyphosis=35.6±12.5 de-
grees; follow-up kyphosis=33.9±9.5 degrees; P>0.05).
The average concave height was 94.2±20.2mm in the early
postoperative period and 104.7±21.7mm at last follow-up
(P=0.003). The average T1-S1 height was 292.1±67.1mm
in the early postoperative period and 363.9±94.5mm at last
follow-up (P=0.005). Although a significant instrumented
correction effect was obtained during the surgery in 1 patient,
her curve deteriorated due to inappropriate instrumentation
levels and malposition of most of the distal screws (patient
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number 4) and she had to undergo revision surgery with
vertebral column resection (Fig. 3).

In 3 patients, the curve did not change and the cor-
rection was maintained. There was at least Z5 degrees im-
provement in 9 of the 12 patients in the follow-up period
after the index procedure. These 9 patients with progressive
improvement in curve magnitude in the follow-up period
were evaluated separately. The preoperative main curve
46.7±12 degrees was corrected to 37.3±11.5 degrees in the
early postoperative period (P=0.007). The average main
curve Cobb angle was 28.4±11.3 degrees at the latest fol-
low-up. The difference between early postoperative and last
follow-up measurements was significant (P=0.007). T1-S1
height and the concave height were also evaluated separately

for 9 patients. There was significant difference between
early postoperative and last follow-up measurements
(early postoperative T1-S1 height=271.5±52.6mm, latest
T1-S1 height=343±91.5mm, P=0.018; early post-
operative concave height=98.1±16.5mm, latest concave
height=110.6±19.3mm, P=0.011). The average growth
pace of the patients was 13.1mm/y.

DISCUSSION
Three possible scenarios exist after CGA proce-

dures: some curves may undergo spontaneous correction
(epiphysiodesis effect), whereas some curves remain
stable (fusion effect). In another group of patients, the
technique fails and the curves deteriorate (failure).

FIGURE 1. A, Preoperative standing posteroanterior (PA) film of a girl 43 months old. Preoperative main curve 40 degrees.
B Postoperative 28 degrees, (C) postoperative standing PA at 51-month follow-up. Curve showed further improvement to
22 degrees. On all postoperative films, the patient’s coronal balance is maintained.
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Uzumcugil et al3 reported the results of anterior-posterior
CGA in 32 patients. In this study, 41% of the patients
had the true epiphysiodesis effect, 47% of the patients had
fusion, and 12% of the patients showed an increase in the
curvature in an average follow-up of 40 months. Walhaut
et al10 reported 10 patients with congenital scoliosis where
the curve deteriorated in 2 of them. Kieffer and
Dubousset11 reported a 17% failure rate with the same
technique.

Curve correction after CGA in early-onset scoliosis
may depend on the technique used. The fundamental

factor effecting the fate of the curve, however, is the ex-
istence of the growth potential on the concave side or, in
other words, the number and quality of the apophyses
with growth potential on the same side. Because it is very
difficult to evaluate this potential before surgery, it is
impossible to predict the outcome of the procedure.

It would be inappropriate to evaluate the results of
the instrumented CGA technique, which is a modification
of the conventional method, with classic CGA termino-
logy. The ability to obtain some degree of immediate
correction in every deformity with compression-derotation

FIGURE 2. A 40-month-old male patient with spinal dysraphism. Preoperative (A), postoperative (B), and 62-month follow-up
(C). Clinical pictures and x-rays showing correction of trunk balance and deformity.
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maneuvers after instrumentation is something that cannot be
obtained with the classic method. This phenomenon is called
the “instrumentation effect.” The progressive curve correc-
tion in our 9 patients can be explained with growth control
on the convex side with instrumentation while allowing
growth on the concave side which is an obvious sign of
growth modulation (modulation effect). As the natural his-
tory of the congenital scoliosis is either stabilization or
progression of the curve, our surgical technique must have

caused this improvement directly.20 The mean age at the
latest follow-up was 121.5±30.8 months. Considering the
young age of the patients at the last follow-up, it would not
be wrong to speculate that the modulation effect will con-
tinue during the course of growth.

While evaluating the radiologic improvements in these
patients, it would be more appropriate to compare pre-
operative versus follow-up measurements instead of imme-
diate postoperative versus follow-up measurements. With this

TABLE 1. Patients’ Data Including Radiologic Measurements

Age (mo) Level F/U (mo) Preoperative Scoliosis (deg.) Postoperative Scoliosis (deg.) F/U Scoliosis (deg.)

1 40 T9-L4 62 40 28 17
2 65 T4-T11 57 68 58 45
3 15 T3-T12 49 34 29 24
4* 59 T7-L1 63 60 35 52
5 106 T2-T9 50 49 44 44
6 108 T9-L1 51 60 42 42
7 64 T6-L1 69 58 50 42
8 22 C7-T7 63 38 30 25
9 108 T2-T6 74 42 36 16
10 56 C6-T4 50 48 42 42
11 87 T1-T8 36 40 28 23
12 43 T2-8 51 40 29 22
13 65 T2-11 54 60 48 42
Average±SD 64.5±30.1 56.1±10 49±10.9 38.3±9.7 33.5±12.4

*The patient with revision surgery.
F/U indicates follow-up.

FIGURE 3. A 49-month-old female patient. Preoperative (A), postoperative (B), intraoperative (C), and 63-month follow-up (D).
X-rays, intraoperative clinical photo (E), computed tomography scans (F). Curve deteriorated at follow-up due to inappropriate
instrumentation levels and malposition of most of the distal screws as seen. Spontaneous anterior fusion can be clearly seen at the
proximal levels (white arrows), whereas disk space is still open at more distal levels (black arrows).
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aspect in mind, instrumented CGA necessitates a new ap-
proach in evaluation of the results. Conventional CGA
studies traditionally focus on the safety and radiologic effi-
cacy of the technique and most of them do not include
growth parameters.6–10 Our current study is unique in a way
that it evaluates the safety and the radiologic efficacy of the
technique but also the growth parameters of the patients’
spinal column. Longitudinal growth of the T1-S1 segment
has been noted in all patients parallel to radiologic im-
provement. A significant amount of growth has been noted
in concave height and T1-S1 height especially in patients with
growth modulation. Considering these parameters of growth,
it would not be wrong to consider the modified CGAmethod
as one of the growth-preserving techniques.

Another point worth discussion should be the effect
of the modified technique on the sagittal plane. The
classic anterior/posterior CGA does not affect the sagittal
plane.3 Besides, in contradistinction to classic knowledge,
the technique can give same results even in patients with
sagittal plane deformities.12 It could be assumed that the
sagittal plane may deteriorate with the modified technique
as only posterior surgery is being performed. In contrast,
experimental studies have previously shown that pedicle
screws can control the growth of all 3 columns in im-
mature spine.15 Our study showed no significant change
in the sagittal plane between the preoperative and the
follow-up measurements, which supports this previous
experimental data. The safety of the pedicle screws in the
pediatric spine and their effect on vertebral growth has
been the topic of controversy in the literature, as some
experimental studies have shown growth retardation
secondary to pedicle screw instrumentation in immature
animals,13,14 however, recent clinical studies have shown
no growth retardation effect of the pedicle screws on
immature human spine.16 Although the patients in this
study are not fully mature, we do not expect any long-
term problems regarding spinal canal and vertebral body
development based on the knowledge obtained from these
previous studies. It can be speculated that the patients’
sagittal plane may deteriorate in long-term follow-up.
However, we believe that this risk is very low based on the
stable sagittal plane course in short-term follow-up. In
contrast, it is obvious that the patients should be followed
until maturity to make more accurate judgments.

The preoperative and early postoperative measure-
ments reveal that all patients had some degree of the
“instrumentation effect.” In contrast, 9 patients had the
“modulation effect,” whereas 3 patients’ curves remained
stable without correction in the follow-up period. The
question why most patients had this modulation effect
while others did not with the same procedure has yet to be
answered. Although it is impossible to prove scientifically,
this entity can be explained with the lack of healthy
apophyses with growth potential on the concave side of
the involved segment. It might be possible to decide which
patients would be appropriate candidates for intrumented
CGA once a preoperative radiologic technique evaluating
the growth potential of the vertebral apophysis has been
developed.

Several clinical studies have been previously pub-
lished regarding growing rod and vertical expandable
prosthetic titanium rib treatment of long sweeping curves
involving the thoracic spine.21,22 Both methods rely largely
on distraction and give better results in more flexible curves.
Although small case series reporting good curve control
and successful growth preservation indicate their usefulness
in congenital scoliosis, these 2 techniques require repeated
surgical intervention and have a high rate of complica-
tions.23 In this study, we have demonstrated that it is
possible, with a single surgery, to protect growth to a degree
and maintain curve correction, marking this method as an
alternative for the treatment of this patient population.
Although the T1-S1 growth we measured was less than the
normative data published by Dimeglio et al,24 it should be
kept in mind that this patient population has congenital
anomalies and therefore cannot be expected to grow com-
pletely normally.

Instrumented CGA can safely be used in long
sweeping curves of immature spines and in deformities in
where vertebral column resection would be inappropriate
due to growth potential. With this technique, an anterior
procedure is not required and unnecessary thoracotomy
and 2-stage surgery can be avoided. Moreover, it guar-
antees some degree of correction in all patients due to the
instrumentation effect, somewhat eliminating the un-
predictable nature of classic CGA. Instrumented CGA
triggers the modulation effect inside the curve due to
concave growth potential and helps maintain overall
spinal growth while stabilizing the vertebral column on
the convex side.
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