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Study Design. Prospective multicentric study.
Objective. To present the preliminary results of an

innovative method for standardized correction of scolio-
sis, vertebral coplanar alignment (VCA), based on a novel
concept: the relocation of vertebral axis in a single plane.

Summary of Background Data. Normal standing spine
has no rotation in coronal or transverse planes, therefore
X and Z axis of vertebrae are in the same plane: they are
coplanar. VCA intends to relocate these axis in one plane,
correcting rotation and translation, while X axis are re-
turned to its normal posterior divergence in sagittal plane
in thoracic spine.

Methods. Twenty-five consecutive adolescent idio-
pathic scoliosis patients (Lenke type 1) underwent poste-
rior surgery with segmental pedicle screw fixation. Slot-
ted tubes were attached to convex side screws. Two
longitudinal rods were inserted through the end of tubes.
Then, they were separated along the slots, driving the
tubes into one plane, making the axis of the vertebrae
coplanar and thus correcting transverse rotation and

coronal translation. To obtain kyphosis, distal ends of the
tubes were spread in thoracic spine. Correction was main-
tained by locking a definitive rod in the concave side, then
tubes were retrieved and the convex side rod, inserted
and tightened. Correction was assessed on preoperative
and postoperative full-spine standing radiograph. Verte-
bral rotation was measured on computed tomography-
scan and magnetic resonance imaging.

Results. Preoperative average thoracic curves of 61°
were corrected to 16° (73%). Preoperative average thora-
columbar curves of 39° were corrected to 12° (70%). Preop-
erative average thoracic apical rotation of 24° was corrected
to 11° (56%). Preoperative average thoracic kyphosis of 18°
remained unchanged after surgery; however, no patients
had kyphosis �10° after surgery. Rib hump improved from
30 to 11 mm (65%). There were no perioperative complica-
tions.

Conclusion. VCA provided excellent correction of
coronal and transverse planes with normalization of tho-
racic kyphosis in Lenke type 1 adolescent idiopathic sco-
liosis surgery.

Key words: idiopathic scoliosis, pedicle screw fixation,
3D correction, vertebral coplanar alignment. Spine 2008;
33:1588–1597

The scoliotic spine can be seen as a helix, with translation
and rotation in coronal, sagittal, and transverse planes.
This gives place to curves in the coronal plane, loss of
sagittal alignment and rotation, which is not only inter-
vertebral but also intravertebral.

Initially, surgery for correction of scoliosis was per-
formed by applying distraction through the posterior el-
ements, to attempt a correction of the AP deformity, but
this technique did not address the rotational deformity
and was done at the expense of worsening sagittal con-
tour. Cotrel et al1 were the first to attempt correction of
rotational deformity by means of bar derotation, but the
rotational improvement with their technique was
poor.2,3

Thoracic pedicle screws (PS) introduced the first
fixation system through the 3 spine columns, resulting
in a superior correction potential in the coronal, sag-
ittal, and transverse planes.4 –16 Initial fear of possible
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neurologic and visceral injuries through this technique
arose, but the reported complication rate in experi-
enced hands is extremely low.5–16 However, systems
based on TPS have a tendency to decrease thoracic
kyphosis.17–19

Current surgical techniques of scoliosis achieve cor-
rection based on the surgeon’s perception and skills. To
our knowledge there is no system available capable of
providing a correction as determined before surgery by
the surgeon. The purpose of this report is to present the
immediate postoperative results of a new system for
standardized correction of scoliosis based on a new con-
cept: physiologic coplanar reposition of the vertebral
axis.

Principles of Vertebral Coplanar Alignment
The spine is formed by motion segments; each segment is
represented by 2 vertebrae and the structures that con-
nect them, and allows 6 df of movement, resulting in 6
components of motion: translation and rotation on each
of the 3 axis (X, Y, and Z) forming a Cartesian coordi-
nate system.20 Each axis is perpendicular to a plane; X is
perpendicular to the coronal plane, Y is perpendicular to
the sagittal plane, and Z axis is perpendicular to the
transverse plane (Figure 1).

In the normal standing, static spine, the vertebrae
have no rotation in the coronal or transverse planes.
Therefore, the X and Z axis of the different vertebrae
are all in a single plane and so they are called coplanar.
Rotation and translation exist in the sagittal plane,
resulting in the physiologic kyphosis and lordosis of the
spine. Therefore, the anteroposterior (X) axis of thoracic
vertebrae are posteriorly divergent in kyphotic segments
while they are posteriorly convergent in lordotic segments.

In contrast, in scoliosis there is rotation and transla-
tion in all 3 planes, resulting in a loss of the normal

coplanar alignment of the vertebral axis (X and Z). On
the other hand, usually a hypokyphosis is present at the
level of thoracic spine, resulting in a loss of the normal
posterior divergence of X axis.

The principle of vertebral coplanar alignment (VCA)
is the relocation of the normally coplanar axis in a single
plane, thus correcting rotation and translation, while re-
turning the X axis to their normal posterior divergence in
the sagittal plane.

To achieve this, a slotted tube is attached to each
involved vertebra approximately in line with its an-
terosposterior (X) axis (Figure 2A). Initially, the re-
placement of the axis in 1 plane will be achieved by
establishing a single longitudinal rotation axis (Z) of
the tubes (Figure 2B). Then this longitudinal axis is
duplicated (Z) (Figure 2C) and separation of both lon-
gitudinal axis through the slotted tubes (Figure 2D),
will gradually drive them into a single plane, making
the X and Z axis of the vertebrae coplanar and thus
correcting the transverse vertebral rotation and coro-
nal translation (Figure 2E).

To achieve the physiologic posterior divergence of the
X axis in the thoracic spine and thus correct the hypoky-
phosis, the distal ends of the tubes have to be separated
(Figure 3).

Materials and Methods

Seventy-two patients with spine deformity were operated
with the VCA system in the hospitals participating in the
study. The same surgical technique, described below, was
always followed. The study was approved by the local ethics
committee and informed consent was obtained from the pa-
tients. Only patients with Lenke type 1 Adolescent Idio-
pathic Scoliosis (AIS) were selected for this study. Twenty-
five patients fulfilled the inclusion criteria, 20 girls and 5
boys with an age ranged from 10 to 24 years (average 14.3;
SD 2.8 years). Lumbar modifier was A in 15, B in 2 cases and
C in 8 cases. Sagittal modifier was (�) in 1 cases, (N) in 16
cases and � in 8 cases.

The magnitude of the curve was measured in both the coro-
nal and sagittal (T5–T12) planes using Cobb’s method in

Figure 1. The geometric characteristics of a vertebra must be
defined in 3 dimensions. This may be done by means of a Cartesian
coordinate system, defined by a point of origin and the direction of
three perpendicular axis. Conventionally, the axis are anteropos-
terior (X), transverse (Y), and longitudinal (Z).

Figure 2. Principles of VCA. A, Slotted tubes attached to each
involved vertebra, in line with X axis. B, A longitudinal (Z) rod is
inserted through tube ends creating a rotation axis. C, A second
rod (Z’) is inserted attached to Z. D, E Separation of Z and Z’
through the slotted tubes gradually drives them into a single plane,
making the X axis of the vertebrae coplanar, thus correcting
transverse rotation and coronal translation.
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standing AP and lateral radiographs of the whole spine taken in
the immediate preoperative and postoperative period. Rotation
at the apex vertebra was measured by the Rotational Angle to
Sacrum (RAsac), using preoperative magnetic resonance imag-
ing and postoperative CT-scans.21,22 Apical vertebral body-rib
ratio (AVB-R) and Rib-hump (RH)23 were also calculated as
indirect measurements of the vertebral thoracic rotation.

The main thoracic curve (MT) had a mean Cobb angle of 61.4°
(SD 11.3°) with a bending angle that corrected to 39.5° (SD
15.5°). Thoracolumbar/lumbar curve (TL/L) had a mean Cobb
value of 38.8° (SD 10.6°), showing the bending films an average
correction of 9.8° (SD 10.3°). Measurement of apical vertebral ro-
tation on the main thoracic curves showed an average of 24° (SD

7.2°) and 7.7° (SD 7.8°) at the thoracolumbar curves. Mean thoracic
kyphosis was 18° (SD 13.5°) and mean preoperative AVB-r was 2
(SD 0.7) and RH 30 mm (SD 12.5) (Table 1).

Surgical Technique
All patients underwent a posterior approach and instrumenta-
tion. The levels of fusion were established according to the
Lenke criteria.24,25

With the patient lying prone, a standard posterior approach
of the spine was performed. The posterior elements were pre-
pared (Figure 4A) and PS were inserted in all vertebrae in the
selected fusion area by the free hand technique.7 Monoaxial PS
were used at every level on the convex side. Placement of the
screws was assessed by eletromyographic stimulation of PS and
intraoperative radiograph.

A 20-cm slotted stainless steel tube was screwed in line with
screw axis to each PS on the convex side of the main curve.
Because of vertebral rotation and translation, once all the tubes
were placed, their tips spread following the spinal deformity
(Figures 2A and 4B).

A rigid stainless steel bar (same diameter as the tube’s slot)
was inserted through the uppermost part of the slotted tube,
starting at the most cranial screw. By gentle pressure, the bar
was driven through the slots of the remaining tubes, aligning
the tips of the tubes in a single rotation axis (Figure 2B). Then
polyethylene spacers are placed between the tube’s tips recon-
structing the normal kyphotic angle of the spine (Figures 3 and
4C). A second bar is introduced just underneath the previous
one (Figure 2C) and progressively lowered down toward the
head of the screws (Figure 2D). As the bar descends, the PS axis
start to converge in the same plane (Figures 2E and 4C and D),
correcting translation and rotation.

Table 1. Preoperative Data

Case Sex Age LT

Main Thoracic Curve Thoracolumbar-Lumbar Curve

S Levels Apex Cobb BT RS A–C7 K AVB-R RH S Levels Apex Cobb BT RS A–CVSL C7–S1

1 F 15 1AN R T5–T12 T9 54 19 30 38 10 2.14 32 L T12–L4 L2 29 2 0 0 13
2 F 10 1AN R T4–T12 T8 62 30 25 48 34 1.92 19 L T12–L4 L3 28 4 0 0 21
3 F 13 1AN R T7–L3 T10 63 55 20 45 40 2.10 19 L L3–L5 L4 30 0 0 6 22
4 M 15 1C� R T5–T12 T9 64 28 19 45 4 1.89 30 L T12–L4 L3 46 22 7 21 0
5 F 14 1CN R T5–T10 T8 57 26 20 55 34 1.57 25 L T10–L4 L2 57 0 22 42 44
6 F 13 1CN R T6–T10 T8 53 31 20 29 21 1.37 15 L T10–L4 L1 50 15 14 50 28
7 M 16 1AN R T4–T10 T7 79 35 30 75 30 2.14 31 L T10–L4 L1 49 0 0 17 8
8 M 15 1A� R T5–T11 T8 53 25 20 44 0 1.58 21 L T11–L5 L1 27 0 0 3 19
9 F 12 1CN R T8–L1 T11 53 41 15 18 13 1.59 17 L L1–L5 L4 40 22 22 21 13

10 F 18 1AN R T5–L1 T9 67 47 20 70 20 4.50 35 L L1–L5 L4 21 5 0 0 2
11 F 13 1AN R T5–T11 T8 77 64 30 54 19 3.04 40 L T11–L4 L2 48 7 10 14 20
12 M 19 1B� R T4–L1 T10 59 48 32 62 4 1.63 46 L L1–L4 L3 42 24 12 22 2
13 F 12 1A� R T5–L1 T10 93 86 20 77 0 2.88 26 L L1–L5 L4 55 34 2 4 3
14 F 14 1CN R T5–T10 T8 53 28 19 10 35 1.53 28 L T10–L3 L1 50 18 19 34 14
15 F 11 1AN R T5–L1 T8 66 35 22 47 25 2.13 31 L L1–L4 L3 31 0 5 2 17
16 F 15 1A� R T4–T11 T7 45 40 30 45 42 2.33 20 L T11–L4 L1 30 0 5 18 37
17 F 13 1AN R T5–T12 T8 54 31 21 40 35 1.77 70 L T12–L4 L2 29 10 0 5 18
18 F 24 1A� R T7–L2 T10 67 52 21 73 4 2.00 32 L L2–L5 L4 32 0 0 0 9
19 F 14 1C� R T5–T11 T8 63 42 20 40 6 1.84 14 L T11–L4 L2 48 4 15 24 8
20 F 15 1A� R T5–L1 T10 52 44 20 50 6 1.61 26 L L1–L4 L3 34 2 10 6 0
21 F 12 1AN R T6–L1 T10 58 26 25 35 24 1.76 23 L L1–L5 L3 23 0 0 10 7
22 F 13 1A� R T4–T12 T7 70 52 20 68 2 2.05 48 L T12–L4 L3 38 15! 4 11 8
23 M 16 1BN R T6–T12 T9 64 39 30 39 10 1.59 26 L T12–L4 L2 36 16 15 9 4
24 F 13 1CN R T5–T9 T7 40 14 20 40 12 1.57 28 L T9–L3 L2 50 24 20 25 12
25 F 13 1CN R T5–T11 T8 70 50 50 54 20 2.60 45 L T11–L4 L1 48 20 10 0 18

LT indicates Lenke type; S, side; BT, bending test; RS, rotation angle to sacrum; A–C7, horizontal distance in mm from apex of thoracic curve to C7 plumb line;
K, kyphosis measured from superior T5 to inferior T12 end plates; AVB-R, apical vertebral body-rib ratio; RH, rib hump; A-CVSL, horizontal distance in mm from
apex of thoracolumbar/lumbar curve to central sacral vertical line; C7–S1, horizontal distance in mm from C7 plumb line to CVSL.

Figure 3. Principles of VCA. The ends of the tubes have to be
spread (black arrows) to achieve the physiologic posterior diver-
gence in kyphotic area. Stoppers (white arrows) are used at the
limits of the kyphotic area to avoid flattening of the spine during
the descent of Z’.
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To avoid flattening, the previously achieved thoracic kypho-
sis by the descent of the second bar, a polyethylene block is
inserted into the slots of the tubes at both ends of the instru-
mented kyphosis: T11 and the upper instrumented level (Fig-
ures 3 and 4C). These blocks will act as stoppers, allowing for
a relative sinking of the ends of the thoracic area relative to the
apex.

Once correction has been achieved, and leaving the system in
place, a contoured rod is inserted in the concave side, from prox-
imal to distal, and locked in. When correction has been assured by
the concave side rod, the coplanar system is removed (Figure 4E).
Any residual deformity can be corrected by gentle rod bending or
apical derotation. Finally, the second rod can be easily inserted and
locked in the previously aligned screws of the convex side.

Figure 4. Surgical Technique. A,
Cephalic view: Exposed spine
before screw insertion. B, Ce-
phalic view: Slotted tubes at-
tached to each screw at the con-
vex side; note the noncoplanar
position of the tubes due to ver-
tebral rotation and translation. C,
Lateral view: spreading of the
tips of the tubes by means of
poliethylene spacers from T4 –
T10. D, Cephalic view: situation
of the spine after coplanar align-
ment of the tubes. E, Cephalic
view: removal of the coplanar
system after locking the con-
tralateral rod. Note the alignment
of the convex side screws.
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Results

The mean number of segments fused were 12 (range,
10–15). The average duration of surgery was 302.2 min-
utes (SD 68.7). No thoracoplasties were necessary to cor-
rect the residual rib hump.

Regarding the coronal plane, the mean postoperative
Cobb angle values of the MT and TL/L curves were 16.4°
(SD 7.7) and 12.2° (SD 4), respectively, representing a
percentage of correction of 73.3% (SD 11.4) and 69.6%
(SD 15.6) respectively (Table 2).

The mean postoperative apical vertebral rotation of
the MT curve, measured as RAsac, was 10.5° (SD 6.5).
This represents a percentage of correction of 56.1% (SD
21.7). The mean postoperative AVB-R was 1.4 (SD 0.2),
being the percentage of correction 29.3% (SD 12.9). The
postoperative RH was 10.9 mm (SD 10.3) being the per-
centage of correction 65.2% (SD 23.9).

In the sagittal plane, the mean postoperative kyphosis,
measured from T5–T12, was 18.6° (SD 7.3). The tho-
racic kyphosis remained unchanged (variation �5°) in 5
patients, increased in 11 and decreased in 9. The Lenke
sagittal modifier remained unchanged in all 16 patients
with initial N modifier and in the case with initial (�)
modifier. All patients with initial (–) sagittal modifier
wound up in group N after surgery.

No complications related to the correction system
were recorded. No pedicle fractures or gross loosening of
the screws were noticed intraoperatively or in the post-
operative CT-scan.

Discussion

VCA is a new concept in surgical management of scoli-
osis in which for the first time, a simultaneous correction
of the 3 planes of deformity may be applied as before
surgery planned. To our knowledge, all the present re-
duction systems achieve correction of deformity by rod
placement and different manipulations over the rod. In
contrast to previous systems, VCA obtains correction
before any rod is placed, therefore decreasing demands
on instrumentation and making rod placement easier.

The reported correction achieved in coronal plane
with TPS ranges from 60% to 79% in MT curves and
from 60% to 79% in TL/L curves.7,13,18,19,25,26 In the
present series, using VCA, the percentages of correction
obtained are in consonance with previously published
literature, with a 73% correction in MT curve and 70%
in TL/L.

Correction of rotational deformity is difficult to mea-
sure. Using rod rotation and translation techniques, the
average correction of the vertebral apical rotation was
found to be 1° to 5° (�25%).27 Lee et al22 measured
rotational correction obtained by the Direct Vertebral
Rotation technique using the RAsac, and reported a cor-
rection of 42.5%. Steib et al27 measured the vertebral
rotation achieved by the in situ contouring technique
using 3-dimensional reconstruction, showing a percent-
age of correction of about 60%. Two studies of the same
group18,19 using TPS, assessed apical rotation using in-
direct measurements and reported a percentage of

Table 2. Postoperative Data

Case

Main Thoracic Curve Thoracolumbar/Lumbar

Cobb RS A–C7 K AVB-R RH Cobb RS A–CVSL C7–S1 Fusion Levels Time

1 8 20 7 13 1.82 15.00 5 0 0 0 T2–L1 480
2 10 15 7 10 1.50 4.00 4 0 0 4 T2–L2 270
3 23 7 12 19 1.51 6.00 9 0 4 0 T3–L3 300
4 15 0 3 18 1.16 0.00 26 5 20 3 T2–L1 310
5 20 8 0 15 1.28 5.00 22 9 28 10 T3–L1 420
6 17 8 8 23 1.25 15.00 19 9 34 17 T3–L2 420
7 24 7 9 21 1.45 6.00 16 0 8 12 T2–L1 290
8 14 13 2 10 1.44 7.00 9 0 0 13 T2–L1 270
9 8 9 16 19 1.16 8.00 0 15 18 7 T3–L5 270

10 17 20 7 16 1.78 12.00 3 0 0 16 T2–L2 190
11 40 20 32 10 2.13 28.00 25 3 10 10 T2–L1 345
12 19 7 16 22 1.20 26.00 18 13 12 2 T2–L2 255
13 19 5 13 24 1.54 5.00 15 0 0 4 T2–L3 285
14 8 9 3 21 1.22 5.00 9 12 9 10 T3–L3 330
15 18 6 16 18 1.48 6.00 2 0 3 19 T2–L2 310
16 18 6 18 43 1.33 6.00 20 0 15 16 T2–L2 260
17 17 12 6 23 1.48 44 6 0 6 8 T3–L1 315
18 14 6 4 15 1.01 9.00 8 0 0 3 T2–L2 300
19 19 9 10 14 1.41 3.00 20 5 23 16 T2–T12 210
20 0 8 5 10 1.28 2.00 9 5 12 15 T3–L3 230
21 6 15 0 12 1.21 5.00 5 0 0 4 T2–L1 250
22 20 8 5 22 1.20 5.00 14 7 10 4 T2–L2 255
23 14 4 2 16 1.16 6.00 17 9 18 15 T2–L1 250
24 18 11 8 20 1.23 22 15 12 9 10 T3–T12 380
25 25 30 15 30 1.43 22 10 0 0 16 T3–L1 360

RS indicates Rotation angle to Sacrum; A–C7, horizontal distance in mm from apex of thoracic curve to C7 plumb line; K, kyphosis measured from superior T5
to inferior T12 end plates; AVB-R, Apical vertebral body-rib ratio; RH, Rib hump; A–CVSL, horizontal distance in mm from apex of thoraculumbar/lumbar curve to
Central Sacral Vertical Line; C7–S1, horizontal distance in mm from C7 plumb line to CVSL.
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AVB-R correction of 54.1% to 77.9% and a percentage
of RH correction of 51% to 65%.

In our series, apical rotation was assessed using direct
and indirect parameters. Preoperative RAsac in thoracic
curves improved from 24° to 11° (56%) after surgery,
13% more improvement than previous series with the
same direct measurement system.22 Regarding indirect
measurements, the mean postoperative AVB-R was 1.4,
corresponding to a percentage of correction of 29%, and
the mean postoperative Rib Hump was 10.8 mm, which
corresponded to a percentage of correction of 65.2%.
Thoracoplasty was not performed in these patients.

Rod rotation techniques correct in the sagittal plane
by simply translating the coronal curvature of the rod to
posterior, improving hypokyphosis,28 but without any
real vertebral derotation.3,29 Posterior instrumentation
has some lordogenic effect17–19,30 in comparison to an-
terior instrumentation, which allows anterior compres-
sion and a subsequent kyphotic effect.30 A decrease of
kyphosis ranging from 3° to 14° after posterior instru-
mentation with PS has been reported17–19,30; however,
Suk et al12,22 reported some improvement of kyphosis
using PS. Our results showed no changes on the mean
T5–T12 kyphosis, but none of our 25 patients showed
Lenke’s negative sagittal modifier after surgery. There
was a regrouping of the kyphosis values around normal-
ity, with a decrease of the higher values and an increase
of the lower ones.

Difficulty to correct sagittal plane and vertebral rota-
tion may be related to the relative overgrowth of the
vertebral body in relation to posterior elements reported
in AIS.31 This disproportionate growth may have a role
in the development of the curve or be a consequence of it,
but in any case, if real apical derotation is achieved, it
may have a lordogenic effect due to translation of the
relatively overgrown vertebral body from a lateral to an
anterior position.

VCA addresses correction in the sagittal plane by us-
ing the unique property of PS of holding the vertebra
from back to front, allowing control of the vertebral
axis. With an adequate lever of arm attached to one—or
even better both—pedicular screws, the vertebra can be
rotated, not only in the transverse plane but also in the
sagittal plane, recovering the posterior divergence char-
acteristic of the kyphotic area.

The initial design of the VCA was conceived with an
attachment to both PS at each vertebra, with the slotted
tubes placed exactly in line with the X axis. However,
due to the complexity of manufacture, a simpler ap-
proach was adopted, using unilateral attachment. Con-
trary to the previously described techniques for rod de-
rotation, it was decided to carry out the Coplanar
Alignment over the convexity of the main curve. By using
PS with anchorage to the 3 columns of spine, the effect of
the combined correction maneuver is probably indepen-
dent of the side in which the forces are applied. In addi-
tion, pedicles on the convex side present some advan-
tages compared with those on the concave side. First,

they tend to have higher diameters32,33 and they are ver-
tically oriented because of vertebral rotation. This allows
for an easier insertion than at the concave side, making it
more feasible to instrument all levels. Second, the dero-
tation force at the apex applied by lateral rotation of the
convex screws allows a significantly greater torque be-
fore failure than rotating concave screws medially.34 Fi-
nally, the distance between the medial wall of the pedicle
and the spinal cord is greater on the convex side, due to
the displacement of the medulla toward the concavity of
the apex in scoliosis,35 making them neurologically safer.

Other systems take profit of the pedicle screw’s unique
potential for derotating the spine, but all of them do the
maneuver once the spine has been instrumented and the
coronal plane aligned. In the Direct Vertebral Rotation
system,22 this is achieved by rotating the screws one by
one against the rod. In those systems where Vertebral
Column Manipulators36 or similar devices37 are used,
the apical segment is derotated en bloc against a coun-
terforce at the ends of the curve. The PS of these segments
are linked together bilaterally and to the adjacent levels
in a quadrangulated fashion to increase safety.

VCA shares properties of both systems; on one side,
every screw can rotate freely over the correction rod, at
different degree, as in the screw by screw system correc-
tion,22 allowing a more harmonious derotation. But on
the other side, by means of the frame formed by the
slotted tubes and the rods all the screws are connected,
decreasing stress raisers over the screw, and the apex is
aligned with the ends of the curves, like in the previously
mentioned systems.36,37

In our experience, VCA presents some limitations
more related to its first technical design than to the con-
cept of coplanar alignment itself.

As mentioned above, the current VCA correction pro-
cedure is based on the alignment of pedicles over one-
side of the curve. However, as anatomic studies have
already shown,38 there is a variation along the spine of
both the transverse interpedicular distance, with shorter
spaces at lower thoracic levels, and the transverse pedic-
ular angle. If pedicles are aligned on one-side, slight in-
tervertebral translation and rotation may be introduced
at some levels. Another limitation of one-side correction
maneuvers is the lower power for vertebral derotation as
compared with bipedicular grip.36

Like other correction techniques using PS, proper
screw insertion is necessary to avoid dislodgement of the
screws during alignment. This was not a major problem
in our series. In fact, no pedicle breakage or screw pull
out occurred.

The majority of correction with VCA takes place dur-
ing the descent of the second reduction rod. Other cor-
rection techniques obtain the reduction through various
consecutive maneuvers (i.e., in situ rod bending and then
apical derotation), so the correction is achieved in a
stepped way. Hypothetically, a sudden correction could
entail more neurologic risks, so the coplanar alignment is
always to be done gently and slowly.
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Despite the theoretical considerations, the correc-
tion obtained has never been complete, although the
residual deformities had no clinical relevance and were
only apparent on radiographs (Figure 6). The lack of
full correction could be related to the rigidity of the
curves, which may overcome the elasticity of the sys-
tem. On the other hand, correction over one-side of

the vertebra is able to obtain translation and derota-
tion, with good control of the X axis. However, grasp-
ing the vertebrae unilaterally offers poor control of the
Y and Z axis, so despite good alignment, there is still
some vertebral tilt that affects the final Cobb measure-
ment. This effect is increased by the intravertebral de-
formity present in scoliotic spine.

Figure 5. Case 4: 15-year � 9
months-old male with a Lenke
type 1C- curve. Preoperative
clinical pictures: A, standing, B,
Adam’s Test. Preoperative radio-
graph: C, AP view, D, Lateral
view. The radiographs show a
MT curve of 63° and a TL/L curve
of 46° with T5–T12 kyphosis of 4°.
Rib hump was 30 mm.
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These problems may be at least partially solved in the
future through modifications and developments of the
VCA prototypes, especially by using a bipedicular grip.

The VCA technique has, however, several advantages
over other techniques for correction of deformity in sco-
liosis surgery.

First, three-dimensional correction can be carried out
in a simple systematic way with a single maneuver.

Second, curve correction can be modulated at each
plane of deformity. In the sagittal plane, postoperative
kyphosis might be modified by varying the divergence
of axial tubes by means of polyethylene spacers of

Figure 6. Case 4: Postoperative
pictures after correction by VCA
and selective thoracic curve fu-
sion. Clinical pictures: A, stand-
ing, B, Adam’s Test. Rib hump
has disappeared postoperative
radiograph: C, AP view, D, Lat-
eral view. The radiographs show
a MT curve of 15° and a TL/L
curve of 26° with T5–T12 kypho-
sis of 18°.
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different sizes. In the coronal plane, correction may be
limited by prebending or incomplete descent of the
second reduction rod, in order to reduce the risk of
complications induced by correcting beyond the curve
flexibility.

Third, VCA distributes the reduction forces among
the screws of all the instrumented segments at the same
time, thus minimizing the risk of pedicle breakage during
correction.

Finally, correction of the deformity is achieved be-
fore insertion of the definitive rods. Contrary to pre-
vious systems, these rods are inserted in screws previ-
ously aligned and derotated by VCA. In this way, rod
insertion is easier and the implants are not subjected to
the stresses required to fit them in nonaligned screws.
Moreover, as when rods are inserted, most of the cor-
rection has already been achieved, they are neither
subjected to contouring nor rotation maneuvers to
correct the deformities, which are highly demanding
on the instrumentation.

In conclusion, this is a preliminary report about a
new approach for surgical correction of idiopathic
scoliosis, which allows a three-dimensional correction
in a standardized fashion. In this series, VCA has
proven its ability to obtain good correction of the
coronal curve, real apical derotation, without loss of
thoracic kyphosis.

Key Points

● Twenty-five patients with Lenke type 1 AIS were
treated with segmental pedicle screw fixation and
VCA correction.
● The average coronal correction was 73% and
70% in the thoracic and thoracolumbar/lumbar
curves, respectively. The average apical vertebral
derotation, measured directly by RaSac, was 56%.
● The average thoracic kyphosis remained un-
changed after surgery but all patients with initial
kyphosis �10° improved.
● Average rib hump correction was 65%, without
any thoracoplasty.
● VCA obtained correction with maneuvers over
the convex side PS, distributing stresses among all
instrumented segments and before the insertion of
definitive fixation rods.

References

1. Cotrel Y, Dubousset J, Guillaumat M. New universal instrumentation in
spinal surgery. Clin Orthop 1988;227:10–23.

2. Labelle H, Dansereau J, Bellefleur C, et al. Comparison between preoperative
and postoperative three-dimensional reconstructions of idiopathic scoliosis
with the Cotrel-Dubousset procedure. Spine 1995;20:2487–92.

3. Sawatzky BJ, Tredwell SJ, Jang SB, et al. Effects of three-dimensional assess-
ment on surgical correction and on hook strategies in multi-hook instrumen-
tation for adolescent idiopathic scoliosis. Spine 1998;23:201–5.

4. Belmont PJ, Klemme WR, Dhawan A, et al. In vivo accuracy of thoracic
pedicle screws. Spine 2001;26:2340–6.

5. Belmont PJ, Klemme WR, Robinson M, et al. Accuracy of thoracic pedicle

screws in patients with and without coronal-plane spinal deformities. Spine
2002;27:1558–66.

6. Carbone JJ, Tortolani J, Quartararo LG. Fluoroscopically assisted pedicle
screw fixation for thoracic and thoracolumbar injuries: technique and short
term complications. Spine 2003;28:91–7.

7. Kim YJ, Lenke LG, Bridwell KH, et al. Free hand pedicle screw placement in
the thoracic spine: is it safe? Spine 2004;29:333–42.

8. Liljenqvist UR, Halm HFH, Link TM. Pedicle screw instrumentation of the
thoracic spine in idiopathic scoliosis. Spine 1997;22:2239–45.

9. Liljenquvist UR, Lesien U, Hackenberg L, et al. Comparative analysis of
pedicle screw and hook instrumentation in posterior correction and fusion of
idiopathic thoracic scoliosis. Eur Spine J 2002;11:336–43.

10. Suk SI, Lee CK, Kim WJ, et al. Segmental pedicle screw fixation in the
treatment of thoracic idiopathic scoliosis. Spine 1995;20:1399–405.

11. Suk SI, Lee CK, Min HJ, et al. Comparison of Cotrel-Dubousset pedicle
screws and hooks in the treatment of idiopathic scoliosis. Int Orthop 1994;
18:341–6.

12. Suk SI, Kim WJ, Kim JH, et al. Restoration of thoracic kyphosis in the
hypokyphotic spine: a comparison between multiple-hook and segmental
pedicle screw fixation in adolescent idiopathic scoliosis. J Spinal Disord
1999;12:489–95.

13. Suk S, Kim WJ, Lee SM, et al. Thoracic pedicle screw fixation in spinal
deformities: are they really safe? Spine 2001;26:2049–57.

14. Suk SI, Lee SM, Chung ER, et al. Determination of distal fusion level with
segmental pedicle screw fixation in single thoracic idiopathic scoliosis. Spine
2003;28:484–91.

15. Viau M, Tarbox BB, Wonglertsiri S, et al. Thoracic pedicle screw instrumen-
tation using the ‘funnel technique.’ Part 2: clinical experience. J Spinal Dis-
ord 2002;15:450–3.

16. Hackenberg L, Link T, Liljenqvist U. Axial and tangential fixation strength
of pedicle screws versus hooks in the thoracic spine in relation to bone
mineral density. Spine 2002;27:937–42.

17. Kim YJ, Lenke LG, Cho SK, et al. Comparative analysis of pedicle screw
versus hook instrumentation in posterior spinal fusion of adolescent idio-
pathic scoliosis. Spine 2004;29:2040–8.

18. Kuklo TR, Potter BK, Polly DW, et al. Monoaxial versus multiaxial thoracic
pedicle screws in the correction of adolescent idiopathic scoliosis. Spine
2005;30:2113–20.

19. Potter BK, Kuklo TR, Lenke LG. Radiographic outcomes of anterior spinal
fusion versus posterior spinal fusion with thoracic pedicle screws for treat-
ment of lenke type I adolescent idiopathic scoliosis curves. Spine 2005;30:
1859–66.

20. Stokes IAF. Spinal Biomechanics. In: Weinstein SL, ed. The Pediatric Spine.
Principles and Practice. Philadelphia, PA: Lippincott Williams & Wilkins;
2001:57–71.

21. Krismer M, Sterzinger W, Haid CH, et al. Axial rotation measurement of
scoliotic vertebrae by means of computed tomography scans. Spine 1996;21:
576–81.

22. Lee SM, Suk SI, Chung ER. Direct vertebral rotation: a new technique of
three-dimensional correction with segmental pedicle screw fixation in ado-
lescent idiopathic scoliosis. Spine 2004;29:343–9.

23. Kuklo TR, Potter BK, Lenke LG. Vertebral rotation and thoracic torsion in
adolescent idiopathic scoliosis. What is the best radiographic correlate? J Spi-
nal Disord Tech 2005;18:139–47.

24. Lenke LG, Betz RR, Harms J, et al. Adolescent idiopathic scoliosis: a new
classification to determine extent of spinal arthordesis. J Bone Joint Surg Am
2001;83:1169–81.

25. Lenke LG, Kim Y, Rinella A. Treatment of spinal deformity utilizing thoracic
pedicle screws. Semin Spine Surg 2002;14:66–87.

26. Storer SK, Vitale MG, Hyman JE, et al. Correction of adolescent idiopathic
scoliosis using thoracic pedicle screw fixation versus hook constructs. J Pe-
diatr Orthop 2005;25:415–9.

27. Steib JP, Dumas R, Mitton D, et al. Surgical correction of scoliosis by in situ
contouring: a detorsion analysis. Spine 2004;29:193–9.

28. Wilers U, Transfeldt EE, Hedlund R. The segmental effect of Cotrel-
Dubousset instrumentation on vertebral rotation, rig hump and thoracic
cage in idiopathic scoliosis. Eur Spine J 1996;5:387–93.

29. Labelle H, Dansereau J, Bellefleur C, et al. Preoperative three-dimensional
correction of idiopathic scoliosis with the Cotrel-Dubousset procedure.
Spine 1995;20:1406–9.

30. Rhee JM, Bridwell KH, Won DS, et al. Sagittal plane analysis of adolescent
idiopathic scoliosis: the effect of anterior versus posterior instrumentation.
Spine 2002;27:2350–6.

31. Gou X, Chau WW, Chan YL, et al. Relative anterior spinal overgrowth in
adolescent idiopathic scoliosis. Results of disproportionate endochondral-
membranous bone growth. J Bone Joint Surg Am 2003;85:1026–31.

32. Liljenqvist UR, Allkemper T, Hackenberg L, et al. Analysis of vertebral

1596 Spine • Volume 33 • Number 14 • 2008



morphology in idiopathic scoliosis with use of magnetic resonance imaging
and multiplanar reconstruction. J Bone Joint Surg Am 2002;84:359–68.

33. Liljenqvist UR, Link TM, Halm HF. Morphometric analysis of thoracic and
lumbar vertebrae in idiopathic scoliosis. Spine 2000;15:1247–53.

34. King AG, Baratta R, Burger EL, et al. Derotation of the thoracic spine using
pedicle screws: a comparison of concave to convex screws. Presented at:
Abstracts of the 39th Scoliosis Research Society (SRS) Annual Meeting,
Buenos Aires, Argentina, September 7–9, 2004.

35. Porter RW. Can a short spinal cord produce scoliosis? Eur Spine J 2001;10:
2–9.

36. Cheng I, Derek L, Lezza AP, et al. Biomechanical analysis of derotation of the
thoracic spine using linked pedicle screws. Presented at: Abstracts of the 14th
International Meeting on Advanced Spine Techniques (IMAST), Paradise
Island, Bahamas, July 11–14, 2007.

37. Barry MA. Saving lumbar motion segments in 3D scoliosis correction. Pre-
sented at: Abstracts of the 14th International Meeting on Advanced Spine
Techniques (IMAST), Paradise Island, Bahamas, July 11–14, 2007.

38. Chaynes P, Sol JC, Vaysse PH, et al. Vertebral pedicle anatomy in relation
to pedicle screw fixation: a cadaver study. Surg Radiol Anat 2001,23:
85–90.

1597Vertebral Coplanar Aligmnent • Vallespir et al




