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Study Design: Retrospective study.

Purpose: To determine the effect and direction of direct vertebral rotation (DVR) in the lowest instrumented vertebra (LIV) on the un-
instrumented lumbar curve depending on the lumbar modifier used for the correction of thoracic adolescent idiopathic scoliosis.
Overview of Literature: DVR in the LIV should be implemented in a different direction to obtain better spontaneous lumbar correc-
tion depending on the preoperative lumbar spine modifier.

Methods: We retrospectively analyzed 160 patients with thoracic adolescent idiopathic scoliosis treated by pedicle screw instrumen-
tation and rod derotation. Patients who had a distal fusion level between T11 and L1 were divided into two groups: the DVR group
versus the No-DVR group. Each group was divided into subgroups depending on the lumbar modifier used: the DVR-A, B, and C groups
versus the No-DVR-A, B, and C groups. The DVR-A group was subdivided into two subgroups depending on the direction of screw ro-
tation in the LIV: the DVR-A-O group (opposite direction) and the DVR-A-S group (same direction).

Results: There were no significant differences in the preoperative curve characteristics between the two groups. The preoperative
lumbar curve was corrected in 70% of the patients in the DVR group and in 56% in the No-DVR group. Spontaneous coronal correction
of the lumbar curve was better in the DVR-A-S group than that in the No-DVR-A group. However, the DVR-A-O group had the higher
incidence of adding-on deformity. The DVR-B and C groups showed better spontaneous correction of lumbar coronal magnitude, api-
cal vertebral translation, and rotation and the LIV tilting.

Conclusions: In lumbar modifiers B and C, screws in the LIV have to be rotated opposite to the direction of the screw rotation of the

main thoracic curve; however, in modifier A, the screws have to be rotated in the same direction.
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Introduction

Idiopathic scoliosis is a three-dimensional spinal defor-
mity [1-3]. The spine shows lateral curvature in the coro-
nal plane, thoracic hypokyphosis in the sagittal plane, and

intravertebral and intervertebral rotation in the transverse
plane. The ideal surgical procedure should provide maxi-
mal correction and spinal balance with minimal fusion
levels. The three-dimensional deformities of both curves
should be corrected.
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We have used segmental pedicle screws with a derota-
tion maneuver in most scoliosis surgeries for the past
two decades [4-7]. Our experience created some doubt
concerning the success of vertebral derotation. In the late
1990s, we started to use a new method, “direct vertebral
rotation (DVR),” which was designed to foster rotational
correction. In 2004, we reported that better rotational and
coronal correction was achieved by segmental pedicle
screw fixation with DVR than by simple rod derotation
[8]. A deformity in the right thoracic curve results in the
apical and periapical vertebrae being rotated clockwise in
the transverse plane. To correct the intervertebral rota-
tion, the direction of DVR should be opposite to that of
the rotational deformity, i.e., counter-clockwise rotation
in the transverse plane. The direction of rod derotation
(clockwise rotation) should be opposite to that of DVR
(counter-clockwise rotation) in the apical and periapical
vertebrae of the right thoracic curve (Fig. 1). The direction
of DVR in the lowest instrumented vertebra (LIV) and
its effect on the uninstrumented curve are still undeter-
mined. It has been thought that the direction of DVR in
the LIV might differ depending on the lumbar modifier,
as described by Lenke et al. [9].

The purpose of this study was to evaluate the direction
of DVR in the LIV and its effect on the uninstrumented
lumbar curve depending on the lumbar modifier.

Materials and Methods

One hundred and six patients with thoracic adolescent
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idiopathic scoliosis were treated with pedicle screw fixa-
tion and rod derotation. All pedicle screws used were
monoaxial screws. The patients were divided into two
groups: patients who received DVR and patients who
did not receive DVR. A retrospective analysis of the two
groups was made. Fifty-four patients with DVR (DVR
group) were compared with 52 patients having similar
preoperative curve patterns and magnitude but who
were treated with simple rod derotation without DVR
(No-DVR group). All patients underwent the operation
through the posterior approach and had a distal fusion
level between T11 and L1. The minimum follow-up
duration was 2 years (range, 2-7.7 years). According to
the Lenke et al. [9] classification of curve types, the DVR
group comprised 44 patients with type 1 and 10 patients
with type 2, and the No-DVR group comprised 39 pa-
tients with type 1 and 13 patients with type 2.

DVR ( DVR-A (n=26) DVR-A-O (n=15)
groups (n=54, DVR-A-S (n=11
Lenke type 1=44, \ DVR-B (n=16) ( )
type 2=10)

DVR-C (n=12)
Non—D\(/'R Non-DVR-A (n=23)
groups (n=52,
Lenke type 1=39, \ Non-DVR-B (n=14)
type 2=13)

Non-DVR-C (n=15)

Fig. 2. Diagram of the subdivided groups. DVR, direct vertebral rotation.

Fig. 1. (A) Diagram of rod derotation in the right thoracic curve. The rod is rotated clockwise if rod derotation is viewed from
the cephalad. (B) Diagram of direct vertebral rotation in the apical and periapical vertebra of the right thoracic curve. The
screw is rotated counter-clockwise to correct rotational deformity. The direction of direct vertebral rotation is opposite to that
of rod derotation in the apical and periapical vertebra of the thoracic curve.
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Each group was divided into subgroups according to the
lumbar modifier of Lenke (Fig. 2). A center sacral vertical
line lay between the apical vertebral pedicles in lumbar
modifier A, touched them in lumbar modifier B, and was
completely oft them in lumbar modifier C.

The DVR-A group (DVR group with lumbar modifier A)
was subdivided into two groups based on the direction of
screw rotation in the LIV: the DVR-A-O group in which

Fig. 3. A 13-year-old girl with a single thoracic curve and lumbar modifier A. (A) Preoperative anteroposterior and lateral radiographs. She

the screw rotation direction was opposite to that in the
apical and periapical vertebrae of the main thoracic curve
(Fig. 3) and the DVR-A-S group in which the screw rota-
tion direction was the same as that in the apical and peri-
apical vertebrae of the main thoracic curve (Fig. 4). In the
DVR-B group (DVR group with lumbar modifier B) and
DVR-C (DVR group with lumbar modifier C) group, the
screws in the LIV were rotated in the direction opposite to

N

was treated with pedicle screw instrumentation from T4 to T12 and rod derotation with direct vertebral rotation; round arrow=direction of
rod derotation, straight arrows=directions of direct vertebral rotation. The screw in the lowest instrumented vertebra was rotated in the
direction opposite to screw rotation in the apical vertebra of thoracic curve. (B) Anteroposterior and lateral radiographs taken immedi-
ately after surgery. Good correction was obtained in the thoracic and lumbar curves. (C) Anteroposterior and lateral radiographs taken 2
years and 7 months after surgery. The adding-on deformity produced during the follow-up led to the loss of lumbar curve correction.

Fig. 4. A 13-year-old girl with a single thoracic curve and lumbar modifier A. (A) Preoperative anteroposterior and lateral radiographs.

She was treated with pedicle screw instrumentation from T3 to L1 and rod derotation with direct vertebral rotation: round arrow=direction
of rod derotation, straight arrows=directions of direct vertebral rotation. The screw in the lowest instrumented vertebra was rotated in the
same direction as screw rotation in the apical vertebra of thoracic curve. (B) Anteroposterior and lateral radiographs taken immediately
after surgery. Good correction was obtained in the thoracic and lumbar curves. (C) Anteroposterior and lateral radiographs taken 2 years
after surgery. The correction was well maintained without adding-on deformity.
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screw rotation in the apical and periapical vertebrae of the
main thoracic curve (Fig. 5).

In the DVR group, the average age at surgery was 15
years (range, 11-20 years), with an average follow-up
duration of 3.1 years (range, 2-4.5 years). The male-to-
female ratio was 6 to 48. In the No-DVR group, the aver-
age age was 14.9 years (range, 10.6-20 years), with an
average follow-up duration of 6.4 years (range, 4.5-7.7
years). The male-to-female ratio was 4 to 48. The curve
magnitude, apical vertebral translation (AVT), apical
vertebral rotation (AVR), LIV tilting, coronal and sagit-
tal balance, and sagittal alignment were measured on a
standing posteroanterior radiograph. Curve magnitude
was measured using the Cobb method. The AVT of the
thoracic curve was defined as the distance between a line
falling from the center of C7 (C7 plumb line) and the cen-
ter of the thoracic apical vertebra and that of the lumbar
curve as the distance between the center sacral vertical
line and the center of the lumbar apical vertebra. The AVR
was checked using the Nash-Moe method and expressed
by subdividing each grade into two subgrades, such as 0 G,
0.5G, 1G, and 1.5 G. LIV tilting was defined as the angle
between a parallel line to the end plate of the LIV and
a horizontal line. Coronal balance was measured as the
distance between the C7 plumb line and the center sacral
vertical line. Sagittal balance was measured as the distance
between the C7 plumb line and the posterosuperior aspect

Fig. 5. A 13-year-old girl with a single thoracic curve and lumbar modifier C. (A) Preoperative anteroposterior and lateral radiographs.
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of the S1 vertebral body. Sagittal alignment was expressed
by thoracic kyphosis (T5-T12) and lumbar lordosis (T12-
S1).

In the DVR and No-DVR groups, the preoperative and
postoperative radiological parameters, such as thoracic
curve, lumbar curve, LIV tilting, thoracic kyphosis, lum-
bar lordosis, and coronal and sagittal balance, were com-
pared (Table 1).

The preoperative and postoperative parameters of the
lumbar curve and LIV tilting were compared between the
(1) DVR-A and No-DVR-A group (Table 2), (2) DVR-
A-O and DVR-A-S group (Table 3), (3) DVR-B and No-
DVR-B group (Table 4), and (4) DVR-C and No-DVR-C
group (Table 5).

1. Surgical technique

All surgeries were performed using the pedicle screw
instrumentation system. Fusion was usually performed
from one level proximal to the upper-end vertebra to one
level caudal to the lower end vertebra [5,7]. Single thoracic
curves (Lenke type 1) were treated with selective thoracic
fusion and double thoracic curves (Lenke type 2) by dou-
ble thoracic fusion. In the DVR group, the distal fusion

level was T11 in four patients, T12 in 24, and L1 in 26. In
the No-DVR group, the distal fusion level was T11 in five
patients, T12 in 27, and L1 in 20.

She was treated with pedicle screw instrumentation from T4 to L1 and rod derotation with direct vertebral rotation: round arrow=direction
of rod derotation, straight arrows=directions of direct vertebral rotation. Three screws in the two lowermost instrumented vertebrae were
rotated in the direction opposite to screw rotation in the apical vertebra of thoracic curve. (B) Anteroposterior and lateral radiographs
taken immediately after surgery. Good correction was obtained in the thoracic and lumbar curves. (C) Anteroposterior and lateral radio-

graphs taken 3 years after surgery. The correction was well maintained.
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Table 1. The results of DVR and No-DVR group
DVR group (n=54)

No-DVR group (n=52)

Parameters p-value

Preoperative Postoperative Preoperative Postoperative

Thoracic curve

Cobb angle (°) 53.4+12.9 14.6+8.1 53.2+10.2 18.248.2 0.026
Coronal correction (%) 72.7 66.0 0.013
LOC (%) 33 5.3 >0.05

AVT (mm) 4344114 11.5+7.6 40.8+12.0 11.3+6.8 >0.05
AVT correction (%) 73.6 72.2 >0.05

Lumbar curve

Cobb angle (°) 33.7+86 10.626.0 33.749.8 15.4+8.9 0.002

Coronal correction (%) 69.5 56.4 0.001
LOC (%) 78 7.3 >0.05

AVT (mm) 11.6+6.5 7.9+4.9 13.1+8.3 12.248.4 0.002
AVT correction (mm) 4.1 0.4 0.005

AVR (G) 1.2+0.7 0.9+0.7 1.10.6 1.0+0.7 >0.05
AVR correction (G) 0.3 0.1 >0.05

LIV tilting (°) 20.4+7.3 5.5+3.3 20.9+7.2 7.9+4.4 0.003

LIV tilting correction (%) 74.9 62.3 0.002

Thoracic kyphosis (°) 17.249.9 26.748.3 17.849.1 27.2+¢15 >0.05
Lumbar lordosiss (°) 43.6+9.6 49.3+10.3 455498 51.5+11.2 >0.05
Coronal balance (mm) 9.8+7.5 9.146.1 10.9+8.8 8.146.5 >0.05
Sagittal balance (mm) 30.0£21.0 26.7£19.3 26.7£17.0 21.5¢15.6 >0.05

Values are presented as means+standard deviation.
DVR, direct vertebral rotation; LOC, loss of curve correction during the follow-up; AVT, apical vertebral translation; AVR, apical vertebral rotation; LIV,

lowest instrumented vertebra.

The technique of the surgical procedure in the DVR
groups (Fig. 1) was as follows. After posterior exposure
and facetectomy, pedicle screws were inserted segmen-
tally on the correction side (thoracic concavity) and every
other or third vertebra on the support side (thoracic con-
vexity). A precontoured rod was inserted into the correc-
tion side and rotated in a clockwise direction (from the
cephalad view) without any compression or distraction.
Specially designed screw derotators (4-8 derotators) were
connected to the heads of the pedicle screws in the apical
and periapical vertebrae on the correction side. After rod
derotation, the connected screw derotators were rotated
to improve the rotation of the apical and periapical ver-
tebrae, opposite to the rod derotation. In one or two up-
permost instrumented vertebrae, screws were rotated to
correct the rotation of the upper uninstrumented curve,
usually clockwise and opposite to the apical and periapical

screw rotation. Screw rotation in the LIV was dependent
on the preoperative lumbar modifier. For lumbar modifier
A, screw rotation in the LIV was in the opposite direction
(Fig. 3) or same direction (Fig. 4) to that of thoracic DVR,
as stated above. In lumbar modifiers B and C (Fig. 5), the
screw in the LIV was rotated clockwise in the direction
opposite to that of the thoracic DVR to correct vertebral
rotation (counter-clockwise) of the lumbar curve. In mod-
ifier C, the screws in two LIVs were rotated with greater
torque. After locking the concave rod in the corrected
position, the other rod contoured to the corrected curve
was inserted into the convex side and locked in place.
Intraoperative portable radiographs were taken to evalu-
ate the instrumented thoracic curve and uninstrumented
lumbar curve. If the coronal and rotational corrections
of the lumbar curve were inadequate, both screws in the
LIV were unlocked and rotated further to obtain better
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Table 2. The lumbar curve and LIV tilting of DVR-A and No-DVR-A group

Parameters DVR-A group (n=26) No-DVR-A group (n=23) p-value

Lumbar curve

Preoperative Cobb (°) 29.749.1 27.5¢6.5 >0.05
Postoperative Cobb (°) 8.2+49 9.4451 >0.05
Correction (%) 73.2 65.9 >0.05
Loss of curve correction (%) 9.2 43 0.043
Preoperative AVT (mm) 7.0£2.9 6.845.1 >0.05
Postoperative AVT (mm) 5.5+3.0 5.6+4.6 >0.05
AVT correction 1.8 0.2 >0.05
Preoperative AVR (G) 0.7+0.6 0.8+04 >0.05
Postoperative AVR (G) 0.5+0.5 0.6£0.7 >0.05
AVR correction 0.2 0.2 >0.05
LIV tilting
Preoperative LIV tilting (°) 20.748.7 19.745.6 >0.05
Postoperative LIV tilting (°) 6.2+3.0 5.74¢2.8 >0.05
LIV tilting correction (%) 7.9 .0 >0.05

Values are presented as means+standard deviation.
LIV, lowest instrumented vertebra; DVR, direct vertebral rotation; AVT, apical vertebral translation; AVR, apical vertebral rotation.

Table 3. The lumbar curve and LIV tilting of DVR-A-0 and DVR-A-S group

Parameters DVR-A-0 group (n=15) DVR-A-S group (n=11) p-value

Lumbar curve

Preoperative Cobb (°) 31.449.7 27.648.3 >0.05
Postoperative Cobb (°) 9.6+4.7 6.3+4.7 0.048
Correction (%) 69.8 77.4 >0.05

Loss of curve correction (%) 15.3 2.1 0.043
Preoperative AVT (mm) 7.3+3.0 6.6+2.8 >0.05
Postoperative AVT (mm) 6.2+3.6 4504 >0.05

AVT correction 1.5 2.1 >0.05
Preoperative AVR (G) 0.9+0.6 0.5+0.5 >0.05
Postoperative AVR (G) 0.6+0.6 0.4+0.4 >0.05

AVR correction 0.3 0.0 >0.05

LIV tilting
Preoperative LIV tilting (°) 21.8+8.8 19.6+8.9 >0.05
Postoperative LIV tilting (°) 6.7+3.6 5.6+1.9 >0.05
LIV tilting correction (%) 76.7 67.5 >0.05

Values are presented as mean+standard deviation.
LIV, lowest instrumented vertebra; DVR, direct vertebral rotation; AVT, apical vertebral translation; AVR, apical vertebral rotation.

correction. In lumbar modifier C, the screws in the two by two transverse connectors. Then, posterior fusion was
lowermost instrumented vertebrae were used for DVR. performed with bone graft.
After finishing DVR, the two rods were usually joined
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Table 4. The lumbar curve and LIV tilting of DVR-B and No-DVR-B group

Parameters DVR-B group (n=16) No-DVR-B group (n=14) p-value
Lumbar curve
Preoperative Cobb (°) 35.6+4.9 36.149.9 >0.05
Postoperative Cobb (°) 11.4+6.8 17.4+9.6 0.044
Correction (%) 69.1 52.7 0.026
Loss of curve correction (%) 6.6 8.7 >0.05
Preoperative AVT (mm) 14.7+3.5 15.4+4.5 >0.05
Postoperative AVT (mm) 10.145.4 16.0+3.5 0.004
AVT correction 46 0.6 Aggravation 0.013
Preoperative AVR (G) 1.6+0.4 1.310.5 >0.05
Postoperative AVR (G) 1.3+0.6 1.1+0.5 >0.05
AVR correction 0.3 0.1 >0.05
LIV tilting
Preoperative LIV tilting (°) 20.445.4 24.146.9 >0.05
Postoperative LIV tilting (°) 3.7£22 8.0+5.3 0.013
LIV tilting correction (%) 81.4 65.5 0.033

Values are presented as mean+standard deviation.
LIV, lowest instrumented vertebra; DVR, direct vertebral rotation; AVT, apical vertebral translation; AVR, apical vertebral rotation.

Table 5. The lumbar curve and LIV tilting of DVR-C and No-DVR-C group

Parameters DVR-C group (n=12) No-DVR-C group (n=15) p-value
Lumbar curve
Preoperative Cobb (°) 39.6+7.8 415+7.8 >0.05
Postoperative Cobb (°) 15.0+4.3 22.7+6.9 0.004
Correction (%) 61.7 45.3 0.008
Loss of curve correction (%) 6.3 10.4 >0.05
Preoperative AVT (mm) 19.446.7 22.8+5.0 >0.05
Postoperative AVT (mm) 10.8+5.4 19.148.2 0.020
AVT correction 8.7 1.8 0.042
Preoperative AVR (G) 1.8+0.4 1.440.6 >0.05
Postoperative AVR (G) 1.2+0.7 1.6+0.5 >0.05
AVR correction 05 0.1 Aggravation 0.016
LIV tilting
Preoperative LIV tilting (°) 19.747.1 22.3+6.9 >0.05
Postoperative LIV tilting (°) 6.4+4.4 11.0+4.3 0.019
LIV tilting correction (%) 709 475 0.015

Values are presented as mean+standard deviation.
LIV, lowest instrumented vertebra; DVR, direct vertebral rotation; AVT, apical vertebral translation; AVR, apical vertebral rotation.

2. Statistical analysis computer running commercially available software (Med-
Calc, Belgium). Parametric (Student’s t-test) and non-
All statistical analyses were processed on a personal parametric analyses (Mann-Whitney U-test and Kruskal-
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Wallis test) were used, and statistical significance was set
at p<0.05.

Results
1. DVR versus No-DVR groups

The preoperative and postoperative radiological param-
eters of these groups are shown in Table 1. There were no
statistical differences in preoperative thoracic Cobb angle
and AVT, lumbar Cobb angle, AVT and AVR, LIV tilting,
coronal and sagittal balance, thoracic kyphosis, and lum-
bar lordosis between the DVR and No-DVR groups (all
p>0.05). There were statistically significant differences in
thoracic and lumbar curve correction, lumbar AVT cor-
rection, and the average correction of LIV tilting between
the two groups. There were no significant differences in
postoperative coronal and sagittal balance, thoracic ky-
phosis, and lumbar lordosis between the two groups.

2. Subgroups with lumbar modifier A (DVR-A-O and
DVR-A-S versus No-DVR-A)

The preoperative and postoperative radiological param-
eters of these groups are shown in Tables 2 and 3. There
were statistically significant differences in the loss of lum-
bar curve correction for the follow-up period between
the DVR-A and No-DVR-A groups (Table 2). Analysis of
the DVR-A group was performed by dividing it into two
subgroups depending on the direction of screw rotation
in the LIV. Comparison of the DVR-A-O and DVR-A-S
groups showed that there was no significant difference in
lumbar curve correction postoperatively, but there was
a statistically significant difference in the loss of lumbar
curve correction during the follow-up period (Table 3).

3. Subgroups with lumbar modifier B (DVR-B versus
No-DVR-B)

The preoperative and postoperative radiological param-
eters of these groups are shown in Table 4. There were
statistically significant differences in the lumbar curve and
AVT corrections when comparing the lumbar character-
istics between the two groups. The overall AVR correction
was better in the DVR-B group; however, the difference
was not significant. There was a statistically significant dif-
ference in the average correction of LIV tilting.
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4. Subgroups with lumbar modifier C (DVR-C versus
No-DVR-C)

The preoperative and postoperative radiological param-
eters of these groups are shown in Table 5. There were
statistically significant differences in lumbar coronal, AVT,
and AVR corrections when comparing the lumbar charac-
teristics between the two groups. There was a statistically
significant difference in the average correction of LIV tilting.

5. Complications

Progression of the curve caudal to the instrumented fu-
sion (adding-on) was detected in 11 patients at the latest
follow-up: seven in DVR-A-O (7/15, 45%), one in DVR-
A-S (1/11, 9%), one in DVR-B (1/16, 6%), one in DVR-C
(1/12, 8%), and one in the No-DVR-A group (1/23, 4%).
There was a high risk of postoperative adding-on in the
DVR-A-O group compared with that in the other groups.
In the DVR-A-O group, three patients and seven patients
had adding-on at the immediate postoperative period and
at the latest follow-up, respectively. The risk of postopera-
tive adding-on was correlated with the loss of spontaneous
lumbar curve correction (Fig. 3); however, this loss was
related neither to coronal imbalance nor to an increased
incidence of back pain during follow-up. Additionally,
there were neither neurological nor vascular complica-
tions related to the use of pedicle screws.

Discussion

Idiopathic scoliosis is a complex three-dimensional spinal
deformity in the coronal, sagittal, and transverse planes
[1-3]. The strong postero-medialization of rod derotation
is known to provide three-dimensional correction and
has been generally used for treating idiopathic scoliosis
[4,5,10,11]. However, there is a controversy regarding its
rotational correction.

Pollock and Pollock [12] reported that 30° of the ro-
tational correction could be achieved by using hooks.
Lenke et al. [13] showed 11° of rotational improvement,
but Bridwell [14] reported that only a limited amount of
rotational correction could be achieved. Gardner-Morse
and Stokes [1] reported that 8° of vertebral rotation was
aggravated after rod derotation using an FEM model.
Several reports have stated that rod derotation had a mi-
nor influence on rotational correction [8,12,15,16]. These
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reported studies demonstrated that the posterior hook
instrumentation system could not generate sufficient
torque for improving the vertebral rotation because the
axis of the hook was posterior to that of vertebral rotation.
Compared with the hook, the pedicle screw can control
the anterior spinal column because it effectively uses not
only the pedicle but also the vertebral body as an anchor
for fixation. Our experience over time with pedicle screw
fixation for idiopathic scoliosis has led the authors to con-
clude that the rotational force needed to correct interver-
tebral rotation could be transmitted through the pedicle
screw from the posterior pedicle to the anterior vertebral
body. This corrective force in the transverse plane can be
successfully generated by maneuvering the long lever-arm
screw derotator tightly connected to the pedicle screw.
Following up on this idea, the authors introduced DVR in
idiopathic scoliosis surgery to obtain better three-dimen-
sional correction, particularly rotational correction, in the
late 1990s. In previous papers, the authors reported that
a thoracic AVR of 42.5% could be corrected with DVR,
whereas that of 2.4% with simple rod derotation and DVR
gave a true three-dimensional deformity correction in id-
iopathic scoliosis surgery and provided better coronal and
rotational correction [8,17-19]. In the present study, coro-
nal correction of the fused thoracic curve was better in
the DVR group. The thoracic AVT correction was similar
between the DVR and No-DVR groups. There has been
no evidence about the direction of screw derotation in the
LIV.

Screws in the LIV have an important role in regulat-
ing the compensatory lumbar curve. At the beginning of
DVR, screws in the LIV were rotated to improve the rota-
tion of the unfused lumbar curve depending on the pre-
operative standing radiograph. For example, screws in the
LIV were rotated clockwise if the compensatory lumbar
curve was rotated counter-clockwise. However, there were
several cases involving adding-on deformities during the
follow-up, even if the patients showed excellent deformity
corrections immediately after surgery. The authors had
carefully reviewed the preoperative, intraoperative, and
postoperative radiographs and found that adding-on de-
formities correlated with the preoperative compensatory
lumbar curve.

When the center sacral vertical line falls laterally to the
medial aspect of the lumbar apical pedicle (lumbar modi-
fier B or C) with significant opposite rotation relative to
the main thoracic curve, the compensatory lumbar curve

can be spontaneously corrected by screw rotation in the
LIV, which improves the lumbar rotation. For example,
screws in the LIV were rotated clockwise because the lum-
bar curve with modifier B or C had a counter-clockwise
rotation in the right thoracic curve. This maneuver pro-
vides better deformity correction in both the coronal and
transverse planes than does simple rod derotation. In our
series, the DVR-B and C groups showed better coronal
correction and AVT in the unfused lumbar curve than the
No-DVR-B and C groups. Moreover, rotational correction
in the lumbar correction was better in the case of DVR,
although AVR was assessed by using the Nash-Moe meth-
od. There was a minor difference in DVR between lumbar
modifiers B and C. The lumbar curve with modifier B
could be corrected by one (concave side) or two screw
rotations in the LIV only. However, the lumbar modifier
C curve needed more rotational force to spontaneously
correct the lumbar curve. Thus, three screws (two in the
concave and one in the convex side) in the two lowermost
instrumented vertebrae were used for correcting lumbar
curve with more forceful torque. Hence, the authors dif-
ferentiated lumbar modifier B from C in this study.

Further, when the center sacral vertical line falls be-
tween the lumbar apical pedicles (lumbar modifier A),
DVR in the LIV should be different from that in lumbar
modifier B or C. Because this was not noticed at the be-
ginning of DVR, the screw of the LIV in lumbar modifier
A was rotated in the same direction as that of lumbar
modifier B or C. Given that adding-on deformity in-
creased during the follow-up, the authors focused on the
direction of DVR in the LIV and performed it by using
the other way to reduce that problem.

The lumbar curve in lumbar modifier A is flexible, and
its apical vertebra has a minor rotation. In this case, rod
derotation and DVR in the apical and periapical verte-
brae could straighten the lumbar curve. Subsequently, if
DVR in the LIV was performed in the direction opposite
(DVR-A-O) to that in the apical and periapical vertebrae
(thoracic DVR), the lumbar curve could be overcorrected;
this caused the distal extension of the fused thoracic
curve during the follow-up. In our study, compared with
the DVR-A-S group, the DVR-A-O group had a high
risk of postoperative adding-on even if it showed better
rotational correction of the lumbar curve. The adding-on
was found in seven patients (7/15, 45%) in the DVR-A-O
group at the latest follow-up and was related to the loss
of spontaneous lumbar correction during the follow-up.
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The authors suggest that DVR in the LIV with the same
direction (DVR-A-S) as that in the periapical vertebrae
should prevent postoperative adding-on by balancing the
unfused lumbar rotation with the fused thoracic rotation.
In our series, the DVR-A-S group had adding-on in one
patient (1/11, 9%), a considerably lower incidence rate
than that in the DVR-A-O group, with satisfactory cor-
rection. Adding-on was detected in two patients in the
DVR-B and C groups (one in DVR-B and one in DVR-C),
whereas there was no patient with adding-on in the No-
DVR-B and C groups. This result may be because of the
powerful correctional force of DVR, which indicates that
surgeons should perform DVR in the LIV carefully while
taking intraoperative radiographs.

There were several limitations in this study. Distal add-
ing-on could be influenced by not only the direction of
DVR in the LIV but also by the LIV level and LIV tilt. The
number of patients in the DVR-A group was too small to
allow analysis of other factors, but this analysis would be
possible in a future study that collects more data from a
larger study population. We neither checked the torque of
screw rotation nor expressed its exact amount in lumbar
modifier B or C. This issue also could be a good project in
the near future. However, it is obvious that lumbar modi-
fier C required more forceful screw rotation in the LIV
than did lumbar modifier B to improve spontaneous cor-
rection, as described above.

Conclusions

DVR in the LIV should be implemented in different direc-
tions, depending on the preoperative lumbar spine modi-
fier used, to obtain better spontaneous lumbar correction.
In lumbar modifiers B and C, screws in the LIV must be
rotated opposite to the direction of screw rotation of the
main thoracic curve. However, in modifier A, screws in
the LIV must be rotated in the same direction as screw
rotation of the main thoracic curve.
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