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Comparison of Surgical Outcomes of Lenke
Type 1 Idiopathic Scoliosis

Vertebral Coplanar Alignment Versus Derotation Technique

Yong Qiu, MD, Feng Zhu, MD, Bin Wang, MD, Yang Yu, MD, Zezhang Zhu, MD,
Bangpin Qian, MD, Xu Sun, MD, and Weiwei Ma, MD

Study Design: Prospective clinical study.

Objective: To compare the surgical outcomes of vertebral
coplanar alignment (VCA) technique against the derotation
maneuver with segmental pedicle screw instrumentation in
patients with Lenke type 1 idiopathic scoliosis.

Summary of Background Data: Nowadays the majority of
scoliosis correction begins with rod rotation and translation from
the concave side, which bears potential neurovascular risks. The
technique of VCA was introduced by Vallespir with the intention
of correcting rotation and translation and restoring the normal
sagittal profile of thoracic scoliosis simultaneously.

Methods: The fusion levels were decided according to the Lenke
criteria. In group A (24 cases), the VCA technique was used. The
pedicle screws were inserted at each vertebral level on the convex
side and at every other level on the concave side, an extended
coplanar tube was secured in line with screw axis to each pedicle
screw. Two rigid bars were inserted through the top of the
slotted tube. The first rod was kept in this position, whereas the
second bar was gently driven down through the slotted tube
toward the bottom end. This causes the pedicle screws to align in
the sagittal plane, and hence, correct both translation and
rotation. The thoracic kyphosis was restored with spacers, which
separate the coplanar tubes apart. The derotation maneuver was
applied in group B (24 cases). Multiple clinical and radiographic
parameters were evaluated and compared.

Results: The preoperative data were similar between the 2 groups
in terms of age, sex, Risser sign, and curve magnitude. In group
A, the coronal Cobb angle was corrected from an average of 58
to 16 degrees with a correction rate of 71.8%, and the thoracic
kyphosis was restored from an average of 18 to 28 degrees. In
group B, the coronal Cobb angle was reduced from 55 to 17
degrees with a correction rate of 68.4%, and the thoracic kyphosis

was increased from an average of 15 to 18 degrees. Patients were
followed for an average of 17 months (14 to 20mo) with both
groups showing no significant loss of correction. There were no
vascular or neurological complications related to pedicle screw
insertion or scoliosis correction. Two screws pullout occurred on
the concave side in group B. There was 1 case of hemothorax
related to a thoracoplasty procedure in group B. No pseudar-
throsis occurred during follow-up in both the groups.

Conclusions: In treating thoracic scoliosis, the VCA technique
could achieve as good correction and clinical outcome as the
derotation technique. The advantage lies in its superior
renormalization e!ect of thoracic kyphosis compared with the
derotation technique from the concave side.
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S ince the introduction of Cotrel-Dubousset instrumen-
tation in 1984, the posterior correction techniques for

scoliosis have evolved from the Harrington technique of
concave distraction, to segmental realignment technique
by a variety of maneuvers including the rod rotation, in
situ bending and segmental approximation using canti-
lever methods.1–4 More recently, pedicle screw usage in
thoracic curvature enhanced correction and stabilization
for various spinal deformities. Many studies have
strongly supported the clinical advantages of pedicle
screws versus conventional hook instrumentation in terms
of correction and stabilization.2,5–8 So far the majority of
correction techniques begin with rod rotation or vertebral
translation from the concave side. This bears potential
neurovascular risks around the apex due to the aortic and
dural sac shift toward the concavity, and pedicle
dystrophy on the concave side.9 Thoracic pedicle screws
were introduced to fix and manipulate the spine through
all 3 vertebral planes, with the assumption that this would
result in a superior correction. However, the fact remains
that the technique of vertebral translation or derotation
with pedicle screws did not satisfactorily address the
rotational and sagittal deformity.4,10 A de novo technique
of vertebral coplanar alignment (VCA) was introduced by
Vallespir et al11 with the intention to correct rotation andCopyright r 2011 by Lippincott Williams & Wilkins
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translation deformity and to restore the normal sagittal
profile of thoracic scoliosis. With this technique he
reported excellent correction in the coronal and trans-
verse planes with normalization of thoracic kyphosis in
Lenke type 1 adolescent idiopathic scoliosis (AIS). But to
date, no other surgeon besides the inventor of this
technique has reported the e!ectiveness of the VCA
technique, and no reports have compared the VCA
technique with any earlier reported techniques on radio-
graphic, functional, and outcome parameters in patients
with AIS.

The goal of this prospective study was to compare a
surgeon’s early results of VCA with derotation maneuver
in segmental pedicle screw instrumentation for correction
of AIS with respect to curve correction, sagittal profile
change, operation time, intraoperative blood loss, and
Scoliosis Research Society (SRS)-22 scores. The senior
surgeon (Y.Q.) began using this technique with the
assumption that it could o!er technical and mechanical
advantages over traditional techniques.

MATERIALS AND METHODS
Patients with idiopathic thoracic scoliosis were

selected from one single institution after the approval of
institutional ethics committee. Data collection was
carried out prospectively by an independent senior spine
surgeon not involved in the surgical management of the
study participants. The inclusion criteria were: (1)
idiopathic scoliosis with Lenke et al12 type 1 curvature
as confirmed by 2 experienced spine surgeons, (2) age
between 11 to 25 years, (3) Cobb angle between 40 to 75
degrees, and (4) indicated for selective thoracic fusion.
Exclusion criteria were: (1) any neurological abnormality
on clinical examination or magnetic resonance imaging,
(2) previous spinal surgery, and (3) left side thoracic
curve.

Between June 2008 and December 2008 a total of 48
cases met the criteria and received posterior pedicle screw
instrumentation. The 48 female patients were randomly
enrolled into 2 subgroups according to computer gener-
ated randomized numbers with group A receiving VCA
technique and group B undergoing derotation technique.

Demographic Data and Classification
For group A, the average age at surgery was 15.2

years (range, 11.6 to 23.2 y) with average Risser sign of
grade 3.6 (0 to 5 grade). The preoperative Cobb angle of
the major curve was 58.2 degrees (range 40 to 75 degrees).
According to the Lenke et al12 classification, the number
of patients in group A were as follows: 14 patients had a
lumbar A modifier, 7 cases with lumbar B modifier, and 3
cases with lumbar C modifier. Seventeen patients had a
normal thoracic kyphosis sagittal modifier (T5-T12; 10 to
40 degrees). Seven patients had a thoracic hypokyphosis
sagittal modifier (T5-T12; <10 degrees).

In group B, the average age at surgery was 16.1
years (range from 12.3 to 23.6 y) with the average Risser
sign of grade 3.4 (0 to 5 grade). The preoperative Cobb
angle of the major curve was 54.5 degrees (range, 40 to 75

degrees). The components of Lenke system in group B
were as follows: 11 patients had a lumbar A modifier, 9
cases with lumbar B modifier, and 4 cases with lumbar C
modifier. Fifteen patients had a normal thoracic kyphosis
sagittal modifier (T5-T12; 10 to 40 degrees). Nine patients
had a thoracic hypokyphosis sagittal modifier (T5-T12;
<10 degrees) (Table 1).

In this series, 3 patients (2 in group A and 1 in group
B) with 40-degree to 45-degree Cobb angle received
surgery. All of them presented apparent hypokyphosis (2,
0, and " 2 degrees, respectively), and thus, were indicated
for corrective surgery.

Surgical Procedure
Besides the intraoperative correction maneuvers, the

other surgical steps including exposure, pedicle screw
insertion, decortication, and bone grafting were identical
for both the groups. The senior author (Y.Q.) performed
all of the surgeries and the fusion levels were decided
according to the Lenke et al12 criteria in both groups.
Titanium pedicle screws with the 5.5-mm Legacy rod
system (Medtronic Sofamor Danek, Memphis, TN) were
used and the diameter of screws were 4.5mm for upper
thoracic spine, 5.5mm for the mid-thoracic spine, and
6.5mm for the lower thoracic and lumbar spine. Both
somatosensory evoked potentials and motor evoked
potentials neurological monitoring were used continu-
ously throughout the operation.

Screw Insertion
The entrance points of the pedicle screws were

selected according to the intersection method of Suk et al2

in the thoracic spine and according to the method of
Weinstein et al13 in the lumbar spine. First, the pedicle
was entered and widened with an awl, and a safe entry
into the pedicle was confirmed when the probe met bony
resistance in all directions and cancellous bone at the tip.
The ideal screw diameter is about 80% of the pedicle
diameter. After screw insertion, the correct placement and
length was confirmed with intraoperative fluoroscopy in
both coronal and sagittal planes.

Group A
The basic principle and procedure of VCA techni-

que described by Vallespir et al11 was followed. The

TABLE 1. Demographics and Surgical Details of the Patients

Group A (Vertebral Coplanar
Alignment)

Group B
(Derotation)

No. patients 24 24
Age (y) 15.2±4.8 16.1±5.5
Risser sign 3.6±1.5 3.8±1.4
Instrumented level 10.5±1.3 9.8±1.5
Flexibility (%) 60±18 55±20
Operation time
(min)

235±110 255±105

Implant density (%) 75.5±11.3 71.6±10.4
Estimated blood loss
(cc)

640±320 685±352
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pedicle screws were inserted in each level on the convex
side and every second or third segment on the concave
side. A slotted tube was screwed in line with screw axis to
each pedicle screw on the convex side of the main thoracic
curve. Once all the tubes were anchored, their tips spread
in accordance to the spinal deformity because of the
vertebral rotation and translation. Two rigid bars (the
same diameter as the tube’s slot) were inserted through
the uppermost part of the slotted tube sequentially
starting from the most cephalad screw. The lower bar

was progressively driven down towards the bottom of the
tubes. As the lower bar descended and the upper one kept
in its original place the pedicle screw axis started to
converge at the same plane, correcting translation and
rotation of the spine. Then polyethylene spacers with
various lengths (20, 25, and 30 cm) were inserted between
the tops of each tube to spread each screw with the
intention of increasing thoracic kyphosis. A precontoured
rod (only sagittal kyphosis) was inserted and secured to
each screw on the concave side with minor derotation and

FIGURE 1. A 14-year-old girl with idiopathic scoliosis Lenke type 1 and was operated on with vertebral coplanar alignment
technique. A, a 46-degree right thoracic scoliosis and 26-degree left lumbar scoliosis. B, Lateral view showed thoracic kyphosis of
33 degrees (T5-T12). C and D, Postoperative coronal radiograph shows the scoliosis corrected to 14 degrees and the kyphosis
remained 33 degrees. E and F, Twenty months postoperative lateral anteroposterior and lateral radiographs show good
maintenance of the correction over the instrumented levels. G and H, Preoperative and postoperative clinical picture show
cosmetic changes on patients rib hump and trunk symmetry.

J Spinal Disord Tech ! Volume 00, Number 00, ’’ 2011 Comparison of Surgical Outcomes

r 2011 Lippincott Williams & Wilkins www.jspinaldisorders.com | 3



Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

distraction force because the majority of the correction
force has been shared by the VCA system. Then the
slotted tubes and 2 bars were removed from the convex
side and the convex rod was placed. The convex rod was
undercontoured to achieve further compression and
correction of the deformity (Fig. 1).

Group B
In group B, correction was achieved by concave rod

rotation as described in the literature.8 The pedicle screws
were inserted at every second or third segment on both
sides, with more screws on the concave side. The concave
rod was first inserted into the upper screws and the rod
was sequentially captured distally onto the screws but not
fully tightened. This enabled the rod to slide as and when
curve correction occurred. The precontoured rod was
rotated on the concave sides (counter-clockwise) followed
by loading distraction. All these screws on the concave
side were now gradually tightened with the apical ones
being locked last. After completely locking the concave
rod to each screw, the precontoured convex rod was
attached to the upper level of the construct and gradual
capturing of the subsequent screws was done from the top
to the bottom. This rod was undercontoured which could
provide further compression force on the spine.

Afterward
Two cross-links were used between 2 rods as closely

as possible to the ends of the instrumentation. Then,
posterolateral grafting with autogenous bone was per-
formed. Six patients in group A and 9 patients in group B
underwent thoracoplasty after scoliosis correction. The
average operation time and intraoperative blood loss was
noted.

Radiographic Measurements
Measurements were made on standing coronal and

lateral radiographs of the whole spine. Radiographic
analysis included Cobb angle measurements of the major
and minor curves on the preoperative, postoperative, and
last follow-up radiographs. Curve flexibility was deter-
mined on the preoperative supine side bending films.
Other parameters measured in the coronal plane included
tilt angle of the lowest instrumented vertebra from the
horizontal line (angle between a horizontal line and lower
endplate of the lowest instrumented vertebra), and
translation of the apical vertebra as the distance from
the perpendicular line drawn from the center of the S1
vertebral body (central sacral vertical line) to the center of
the apical vertebral body or disk. Thoracic kyphosis was
measured from the upper endplate of T5 to the lower
endplate of T12, and lumbar lordosis was measured from
the lower endplate of T12 to the upper endplate of S1.

Postoperative computed tomography (CT) was
performed in 32 of the 48 patients (17 in group A and
15 in group B) when anteroposterior postoperative
radiographs raised doubts with regard to the positioning
of pedicle screws. The total number of screws examined
by CT was 267 in group A and 222 in group B.

Statistical Analysis
Preoperative variables and surgical outcomes were

compared in both groups by independent sample t test,
and the preoperative and postoperative data were
compared in each group by paired samples t test. For
the SRS-22 scores, nonparametric tests were used because
SRS-scales were not continuous and showed ceiling
e!ects. The Mann-Whitney U test was used for the
evaluation of the significant di!erences in median domain
scores and total scores of the SRS-22. To compare the
di!erence of screw accuracy between the concave side and
convex side in each group w2 test was used. Di!erences
were considered statistically significant when P<0.05.

RESULTS
There were no statistical di!erences in terms of the

age, Risser sign, preoperative Cobb angle, and the
flexibility of thoracic curve and preoperative thoracic
kyphosis and implant density between 2 groups (all
P>0.05). Patients were followed for an average of 16.8
months (range, 14 to 20mo) in group A, and an average
of 17.5 months (range, 14 to 20mo) in group B (Fig. 2).

The range of levels fused in each group were as
following:

Group A: T4-L2, 4 cases; T5-L1, 3 cases; T4-L1, 3
cases; T5-L2, 3 cases; T4-L2, 5 cases; T2-L1, 2 cases;
T3-L2, 3 cases; T2-L2, 1 cases.
Group B: T4-L2, 4 cases; T5-L1, 4 cases; T4-L1, 4
cases; T5-L2, 2 cases; T4-L2, 3 cases; T2-L1, 2 cases;
T2-L2, 1 cases; T5-T12, 3 cases.

Coronal Plane Surgical Outcome
Immediate postoperative Cobb angle of the major

curve was 16 degrees in group A and 17 degrees in group
B with an average curve correction rate of 71.8% and
68.4%, respectively (P=0.58) (Table 2). At final follow-
up the Cobb angle of the major curve was 17 degrees in
group A and 19 degrees in group B, and the amount of
correction loss during a minimum of 14 months follow-up
was not significantly di!erent (P=0.35). Preoperative
Cobb angles of the minor curves were comparable in both
groups (28 degrees in group A and 25 degrees in group B).
Immediate postoperative Cobb angle of the minor curve
was 12 degrees in group A and 10 degrees in group B
(correction averaged 57.1% in group A and 60% in group
B). The Cobb angle of the minor curve at final follow-up
was 13 degrees in group A and 12 degrees in group B
without significant di!erence in the loss of correction.

Other coronal parameters, such as lower instrumen-
ted vertebra tilt and apical translation, all improved in
each group before and after surgery and no di!erence was
found when the 2 groups were compared.

Sagittal Plane Surgical Outcome
The thoracic T5-T12 angle was similar in each

group before surgery (18 degrees in group A and 16
degrees in group B) (Table 3). The immediate post-
operative thoracic kyphosis averaged 28 and 18 degrees in
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group A and B, respectively. The change of the thoracic
kyphosis showed significant di!erence between the 2
groups (P=0.001), indicating a better maintenance or
restoration of thoracic kyphosis in group A than in group
B. The thoracic kyphosis was well maintained during
follow-up in both groups.

The change of lumbar lordosis is shown in Table 3
and no significant changes during follow-up were found
in both groups.

Complications
The pedicle screw accuracy on postoperative CT

scan is listed in Table 4. The total prevalence of pedicle
malposition between the 2 groups showed no di!erence
(11.2% vs 13.0%). But the pedicle on the concave side
showed a higher rate of breaching when compared with
convex side (15.5% vs 8.9%; P=0.018). There was no
di!erence between the overall percentages of acceptably
positioned screws (r2mm of medial or r4mm of lateral
pedicle perforation) 97.8% versus 97.7% in group A and
B.14 None of the perforated screws was in dangerous
position (breaching out more than 4mm or touching
aorta).14 There were no vascular or neurological compli-
cations related to pedicle screw insertion or scoliosis
correction. There was no pedicle fracture or screw
removal during the VCA procedures, as 2 screws pullout

occurred on the concave side in group B, which required
insertion of pedicle screws into other levels. There was
one case of hemothorax that required a chest tube
insertion in group B due to laceration of the parietal
pleural during thoracoplasty. There was no infection,
pseudarthrosis, or revision surgery in either group.

SRS-22 Questionnaire
SRS-22 scores were evaluated for every patient at

the final follow-up. Overall, for patients in group A, the
mean questionnaire scores for function, pain, general self-
image, mental health, and satisfaction with treatment
were 3.9, 4.7, 3.7, 4.5, and 4.0, respectively. In group B
patients, the mean scores of the questionnaire for
function, pain, general self-image, mental health, and
satisfaction with treatment were 3.7, 4.6, 3.9, 4.2, and 3.9,
respectively. There was no di!erence between the groups
for any of these domains (Table 5).

DISCUSSION
Achieving a balanced spinal fusion is always the

most important target in treating spinal deformity. The
strategies used to achieve this outcome have evolved from
in situ fusion, to nonsegmental rods, to segmental wire
fixation, to segmental hook fixation, and finally, segmen-
tal screw fixation.1–3,7,15 Spinal pedicle screws introduced

TABLE 2. Comparison of Coronal Plane Change

Group A (Vertebral Coplanar Alignment) Group B (Derotation)

Preoperative Postoperative Final Follow-up Preoperative Postoperative Final Follow-up

Major curve Cobb angle (degree) 58.2±12.3 16.4±6.5* 17.3±6.8 54.5±13.5 17.2±8.5* 18.8±7.9
Apical translation (mm) 48.1±10.5 16.3±5.4* 17.5±6.1 45.2±10.6 14.2±6.7* 15.1±7.5
Lower instrumented vertebra tilt (degree) 23.3±4.8 6.7±2.5* 7.3±2.8 20.2±5.2 5.5±2.4* 6.2±3.1

Data are shown in Mean±SD.
*P<0.05 indicates statistically significant di!erence in the postoperative value compared with preoperative value.

FIGURE 2. Principles of vertebral coplanar alignment. A, Slotted tubes attached to each involved vertebra. Two bars are inserted
through tube ends creating a rotational axis (A). The lower bar was gradually driven down to the bottom of the slotted tubes (B).
With the lower bar pushed down to the bottom, the X axis of the vertebrae become coplanar, thus correcting transverse rotation
and coronal translation (C).
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by Roy-Camille in 1960s and popularized for spinal
deformity since 1990s, o!ers resistant anchoring power
and secure vertebral grip that enable rigid immobilization
and improved control of the instrumented segments.
Owing to these advantages, the pedicle screw instrumen-
tation yields better correction and maintenance compared
with previous anchoring systems.5,6,16 Suk et al2 and Kim
et al8 compared the surgical results of predominantly
screw-based instrumentation with exclusive hook-based
instrumentation and found a significantly better curve
correction in the screw group.

However, use of pedicle screws in the thoracic spine
was not universally accepted in treating thoracic scoliosis
till the late 1990s due to the fear of causing neurological
and vascular injury.16–19 The confined anatomical dimen-
sions of the concave pedicles, the close proximity of the
cord to the concave pedicles, the severe rotation of the
apical vertebrae, and the concave shifting of the aorta
result in the subsequent risk of damaging the spinal cord
and aorta during pedicle screw insertion on the concave
side. Furthermore, the pullout strength of concave pedicle
screws is reduced when compared with the convex side.
Liljenqvist found that in severe or rigid curves or in cases
of extreme thoracic hypokyphosis, surgeons would
experience cases of intraoperative pullout of the pedicle
screws when performing derotation or rod approaching
maneuvers on the concave side.17 In his study on
vertebral pedicles in scoliotic patients, the asymmetry of
the size of pedicle between the concave and convex side
were observed with the pedicles on concave side being

thinner.19 For the sake of good and safe anchoring power,
many surgeons recommended screwing each segment
within the curve, especially on the correction side
(concave side for the most) to obtain more rigid fixation
and to disperse stress concentration on one particular
screw during manipulation. Therefore, in the current
practice when deciding how many screws should be
inserted, the surgeons faces the dilemma of less risk of
neurovascular complications versus more correction
power with rigid instrumentation.

One reason for most corrections starting from the
concave side in treating thoracic curves is because of
concern about sagittal profile restoration. For patients
with hypokyphotic curves, which is common in idiopathic
thoracic patients, the derotation maneuver from the
concave side is supposed to help restore the normal
kyphosis during coronal curve correction. However, the
clinical results are far from expectation and there are even
some reports of a hypokyphotic e!ect of pedicle screw
instrumentation with contemporary correction techni-
ques.8,10,20

The principle of VCA is the relocation of the
normally multiplanar axis into a single plane, thus
correcting both rotation and translation, while returning
normal posterior divergence in the sagittal plane with the
use of di!erent size spacers. The correction under VCA is
achieved during the descent of the second reduction rod,
so that the correction is achieved in a step-by-step
process, which could produce less neurological risks when
done gently and slowly. In contrast to various maneuvers
(ie, apical derotation and vertebral translation) currently
used, the VCA obtains correction before any rod is
placed, therefore, decreasing demands on instrumentation
and making rod placement easier.11 In this study 2 pedicle
screws pullout occurred on the concave side in group B
and the pedicle on the concave side showed a higher rate
of breaching when compared with the convex side (15.5%
vs 8.9%; P=0.018).

TABLE 4. Screw Accuracy in Group A and B (Concave Versus
Convex)

Screw
Number

Screw Breach
(Cases)

Perforation
Rate (%)

Group A (17)
Concave 112 17 (medial 5, lateral 7,

anterior 2, inferior 3)
15.1

Convex 155 13 (medial 2, lateral 5,
anterior 3, inferior 2,
superior 1)

7.7

Group B (15)
Concave 120 19 (medial 5, lateral 8,

anterior 3, inferior 3)
15.8

Convex 102 10 (medial 3, lateral 3,
anterior 3, inferior 1)

9.8

Total
Concave 232 36 15.5
Convex 257 23 8.9

TABLE 5. Comparison of Scoliosis Research Society-22 Score
(Mean Value)

Questionnaire/Domain (No. Questions) Group A Group B

Function/activity (5) 3.9 3.7
Pain (5) 4.7 4.6
Self-image/appearance (5) 3.7 3.9
Mental health (5) 4.5 4.2
Satisfaction with management (2) 4.0 3.9
Total 92.0 89.8

TABLE 3. Comparison of Sagittal Plane Change

Group A (Vertebral Coplanar Alignment) Group B (Derotation)

Preoperative Postoperative Final Follow-up Preoperative Postoperative Final Follow-up

Thoracic kyphosis angle (degree) 18.3±10.5 28.3±12.8* 27.7±13.1 15.5±12.6 18.4±10.3 19.2±12.4
Lumbar lordosis angle (degree) 54.3±9.4 56.4±10.5 56.8±12.8 52.2±13.6 55.7±12.6 58.6±13.8

Data are shown in Mean±SD.
*P<0.05 indicates statistically significant di!erence in the postoperative value compared with preoperative value.
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As it has been mentioned before, pedicles on the
convex side present some advantages when compared
with those on the concave side. First, they have larger
diameters and they are vertically oriented because of
vertebral rotation.19,21 This allows for easier insertion
than on the concave side making it more applicable to
instrumentation at every level, especially in the apical
area. Second, the derotation force applied on the convex
screws allows a significantly greater torque than rotating
the concave screws medially.4 Finally, the relatively
increased “safe zone” for pedicle screw insertion on the
convex side implies that a medial pedicle screw penetra-
tion on the convex side might be tolerated better without
injury to the spinal cord than a penetration on the
concave side of a scoliotic curve, especially at the apex of
the curve.22

We found no significant di!erence in coronal curve
correction between the de novo VCA technique and
traditional derotation technique. The coronal curve
correction for each group was approximately 70%. This
is consistent with previous reports involving thoracic
pedicle screw instrumentation in patients with AIS.8,15,23

Lee et al24 reported 21 patients with idiopathic scoliosis
treated with segmental pedicle screws and rod derotation
with a correction rate of 68.9% for thoracic curve. The
Washington University group described 26 patients with
segmental pedicle screws instrumentation, with a curve
correction rate of 76%.8

Although various studies have supported the fact
that better correction has been achieved with all pedicle
screw instrumentation in the coronal plane compared
with hybrid or hook construct,7,8,25 the role of the pedicle
screw fixation in the restoration of thoracic kyphosis
remains controversial. A hypokyphotic e!ect of all
pedicle screws instrumentation has been reported in
comparison with hook and hybrid instrumentation.8,25

In Kim study, the thoracic kyphosis significantly
decreased (14 degrees) in the screw group between the
preoperative value and the immediate postoperative value
when compared with that in the hook group (6 degrees).
In Lowenstein report,25 the postoperative thoracic
kyphosis decreased 10 degrees in the thoracic pedicle
screw group (postoperative average 19.35 degrees) and no
significant change in the sagittal plane in the hybrid
group. With the simultaneous translation technique with
2 rods Clement et al26 achieved better restoration of
thoracic kyphosis with posterior instrumentation with
thoracic screws. Our results showed significant improve-
ment on the mean T5-T12 kyphosis in the VCA group
(from preoperative 18 degrees increased to postoperative
28 degrees) but not in the derotation group (from 16 to 18
degrees). According to the designer, VCA can correct
deformity by using the unique property of pedicle screws
of holding the vertebra from back to front. With an
adequate correction force attached to pedicle screws the
vertebra can be rotated, not only in the transverse plane
but also in the sagittal plane. With the use of spacers of
di!erent sizes the posterior divergence of the thoracic
vertebrae could be restored. In this series, patients with

preoperative hypokyphosis experienced renormalization
of thoracic kyphosis after VCA technique without having
a thoracic kyphosis of less than 10 degrees. Luk27

concluded from his study that changes in thoracic
kyphosis on fulcrum bending due to natural coupling of
deformities were directed toward “self-normalization.”
The author also mentioned the preoperative thoracic
kyphosis, the flexibility of the curve in the frontal plane,
the King type of curve, the age of the patient, and the
preoperative frontal deformity could a!ect the thoracic
kyphosis. These preoperative factors were all matched
between group A and B in this series, and thus, we could
conclude that the di!erence on postoperative sagittal
profile was attributed to the advantage of VCA instru-
ment.

In conclusion, the VCA technique could achieve as
good a correction e!ect and clinical outcome as derota-
tion technique with pedicle screw in treating thoracic
scoliosis. The advantage lies in its superior renormaliza-
tion e!ect of thoracic kyphosis compared with derotation
technique from the concave side. The disadvantage of
VCA techniques lies in its relatively complicated process.
This is the first generation of VCA system, therefore,
surgeons have to mount the slotted tube to each screw on
convex side first, insert 2 rigid bars, and remove them
after correction. The designers are now trying to improve
the slotted tube so that the final correction rod on convex
side positions directly after VCA procedure. This would
definitely simplify the procedure and shorten surgical
time. The VCA system was originally intended to treat
single thoracic scoliosis (Lenke type 1) and its feasibility
in other types of curvature deserves further exploration.
The limitation of this study lies in 2 aspects: First, the
length of the follow-up period was relatively short, and
hence, the maintenance of the correction during longer
term follow-up in the VCA group is still unknown.
Second, no indirect measurements of rotation, such as rib
hump, were adopted for comparison because some of the
patients in both groups received thoracoplasty as an
adjunct to therapy. Direct measurement of rotation at the
apex vertebra, such as the rotational angle to sacrum was
also abandoned because of the metal artifact on post-
operative CT scans.
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