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Correction of Double Thoracic Adolescent Idiopathic Scoliosis Using Pedicle
Screw Instrumentation - Comparison with Translation and Rod Derotation
Jin-Hyok Kim, M.D., Sung-Soo Kim, M.D., Nak-Yong Jung, M.D., Jung-Hun Kim, M.D.*,

Jung-11 Han, M.D., Ho-Jong Ra, M.D., Sang-Jin Lee, M.D., and Se-Il Suk, M.D.

Seoul Spine Institute, College of Medicine, Inje University, Sanggye Paik Hospital, Seoul,
Department of Orthopedic Surgery, College of Medicine, Inje University, llsan Paik Hospitalx, Goyang, Korea

Purpose: To compare the results of two different surgical methods (translation vs rod derotation)
in a correction of double thoracic adolescent idiopathic scoliosis (AIS) using pedicle screw instru-
mentation.

Materials and Methods: Forty-seven patients with double thoracic AIS treated by pedicle screw
instrumentation were reviewed retrospectively after a minimum follow-up of 2 years. The patients
were divided into two groups; TR group (translation method, n=14) and RD group (rod derotation,
n=33). There were no significant differences in the preoperative curve characteristics between the
two groups.

Results: In the TR group, the preoperative upper thoracic curve of 37+4° improved to 24+4° (35%
correction), and the lower thoracic curve of 52+9° improved to 18+5° (65% correction). In the RD
group, the preoperative upper thoracic curve of 40+7° improved to 19+7° (51% correction), and the
lower thoracic curve of 56+12° was improved to 16+6° (72% correction). The correction of the upper
and lower thoracic curves was significantly better in the RD group (p<0.05). Thoracic sagittal
kyphosis was corrected from 21° to 24° in the TR group and from 18° to 26° in the RD group. There
was no significant difference in the spinal balance, shoulder height difference, T1 tilt and fusion
extent. The operating time and the amount of blood loss was 231 minutes and 2050ml in the TR
group and 263 minutes and 3217ml in the RD group, respectively (p<0.05).

Conclusion: In correcting double thoracic AIS using pedicle screw instrumentation, the rod
derotation method showed better correction for the upper and lower thoracic curves. The translation
method showed the advantages of easier application, a shorter operation time and less blood loss.

Key Words: Idiopathic scoliosis, Double thoracic curve, Pedicle screw instrumentation, Translation,
Rod derotation
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Table 1. Coronal Deformity and Apical Vertebral Translation

TR group (n=14)

RD group (n=33)

Upper thoracic  Lower thoracic Lumbar Upper thoracic  Lower thoracic Lumbar
Preoperative
Maani 0 36.8+4.0 520490 294+108 399+71 563+117 304+98
agnitude (°)
(30-45) (41-66) (18-55) (29-56) (40-81) (15-55)
Flexibilty (%) 36.4+17.2 621+157 14404515 349+140 605+174 131 4+42 4
(10.3-81.1) (27.4-787) (69.2-222 2) (7.3-67.5) (23.6-90.9) (52.8-220)
AVT* (mim) 55+34 39.6+9.1 121498 71464 4114161 99+72
2-12) (23-57) (2-30) (1-26) (16-68) (0-27)
Immediate PO
Magnitude (°) 228+4 3 174446 99462 17.4+69° 154465 90+6.1
(15-27) (9-24) (2-22) (5-31) (4-31) (0-24)
Curve Corr® (%) 379+114° 658+98° 66.8+159 562+165 732+86° 705+194
(18.2-55) (52.4-86.4) (27.8-88.9) (24 2-85 3) (54.8-92) (13.3-100)
AVT* (mim) 51424 137478 81+74 62+49 123478 95464
(0-9) (3-26) (2-26) (0-17) (2-33) (1-24)
Final follow-up
Magniude (°) 237+43° 179449 111474 194471} 159+6.2° 101465
(16-29) (9-25) (2-24) (7-33) (3-32) (2-25)
Curve corr” (%) 354+108" 648+107° 631+223 509+179° 721+81° 671+185
(17.1-50.0) (47 6-86.4) (16.7-90) (17.6-84.4) (58.4-93.6) (6.7-90.9)
AVT* () 49433 171489 104+84 49435 129482 83467
(1-11) (3-30) (2-26) (0-16) (0-29) (0-26)

*AVT, Apical vertebral translation; TImmediate PO, Immediate postoperative; Curve Corr, Correction rate of curve; * p-value was ¢0.05
when comparing the values between the two groups

Table 2. Other Parameters

TR group (n=14)

RD group (n=33)

Preoperative Final Preoperative Final P
Cor, balance (mm) 97+70 (0-24) 8.6+6.5 (0-20) 11.4+79 (0-36) 82+57 (0-21) >0.05
Sag, balance (mm) 22.0+156 (0-45) 211+£13.7 (6-54) 174+127 (1-563) 18.0+11.6 (1-44) >0.05
T-kyphosis (°) 21.0+10.3 (5-35) 24 4+63 (15-41) 179486 (4-38) 2574192 (10-41) >0.05
L-lordosis (°) 519+132 (38-81) 534+77 (38-61) 48.8+10.3 (28-76) 515+85 (35-71) >0.05
T1 titing (°) 6.9+33 (3-15) 79+27 (5-14) 7.8+46 (2-19) 6.6+£3.6 (1-15) >0.05
CIaone angle (°) 03+22 (-3-3) 27+19 (0-6) -04+29 (-6-5) 18+21 (-2-6) >0.05
SHD' (mm) 93+54 (1-20) 94+85 (0-25) 99+74 (1-27) 9.0+81 (1-31) >0.05
Ly’ ) 17.8+5.7 (9-29) 6.0+£40 (1-14) 18,7+79 (3-35) 56+32 (0-14) >0.05

p -value was calculated from the comparison of the values at the final follow-up between two groups, TSHD Shoulder height difference,
LIVT Lowest instrumented vertebral tilting,

of A 71t & Bt 5.3%2]

[e)
A 7.1+6.4 mm (1-26 mm) 9] FH 4| Hol= =&

EE LT

b}
e

A5 6,24+4.9 mm (0—17 mm)Z 0.8 mme WAL,
2Z Ao A= 4,943 5 mm (0-16 mm)E FH+t 2.1

mm®]

AL Btk <= Zl‘c‘fg]-_,,]

T EROE
O {03k Zfol7} glof RDZo| ) 4

A A9 A

Z0] o

TR

TRZ] 3%

H(p<0.05),
T 7 a1t FoJRE Aozt
T W=l A71¢

P
T To

AR A doje 11 w7

L AHp>0.05).

2] Hol &

A 217} 52,049.0° (41-667)2+ 39.6+9.1 mm (2357

mm)| e P&

A%

17.4+4.6°

(9-24°,

7t

65.8% 17%)e}t 13.7+7.8 mm (3—26 mm, Ha 25.9

mm )2, HF

FAOA 17.944.9° (9-25°,

7t



64.8% 174, A 717t 5 Hat 0.5%2] 14 AA)e}
17.148.9 mm (3-30 mm, B+ 22.6 mm W& =
A= RDEY| SHE 5= w9 A7]ef A7 4]
Aol 4 A 56.3+11.7° (40-819)¢} 41,1+16.1 mm
(16—68 mm)o Al & A 5of 154+6.5° (4-31°, B
+ 73.2% WA 12,3+7.8 mm (2—-33 mm, Hit
28.8 mm WA)E, 2F FAoA 159+6.2° (3—32°,
Bt 12.1% 17, FA W F Bt 1.1% 1% 24)<}
12.9+8.2 mm (0—29 mm, H 28.2 mm W2 I
et e AT 9 FAO| A9 ShE 5 Tt
o] 2719} 1 wFEN=E Er 1kl SAA SR fofgt
Zpol7} 9o} RDwto] S-4=38F wAE B¢ om(p<0.05),
AR A Holgt 1 k= F Fbo] BAHCE &
OJgk kol 7k glSiThp>0.05).

TR &5 w59 2719} AR 4] Hol= & A
29.4+10.8° (18-55°)9} 12,149.8 mm (2—33 mm),
$% A% 9946,2° (2-22°, B 66.8% )Y
8.1+7.4 mm (2-26 mm, <t 4.0 mm %), FF
FAJOA 11.1£7.4° (2-24°, S+ 63.1% 1A, A &
2 % Hi 3.8% 24} 10,4+8.4 mm (2—26 mm,
A 1.6 mm 2A)E AUt RDTS 93 vhao)
37|19k HE 24| ol & A 30,4+9.8° (15-55) ¢}
9.947.2 mm (0-27 mm), 4% ZTo| 9.0+6.1°
(0—24°, B4t 70.5% 1A)2} 9.54+6.4 mm (1-24 mm,
et 0.4 mm %), FF FAlA 10.1+6.5° (225,
Wt 67.1% 17, A W 5 Hat 3.4% 1 24)<}
8.34+6.7 mm (026 mm, B 1.5 mm A2 =3
otk & & 85 W0 279} M 24 dol H 1
BT F 2] FAHCRE o3t Afol7t §iglct
(p>0.05)(Table 1).

2 % DD ANH Y

2% A M) AT A FY, §5 Fun
23 %] 2474 Table 200 7148190, TRiolA
TR A Al & A 23, 2% FAloIA 1ol
BT RDFI TARA o A & 7 550
A, A% ZAHE 1elx BRItk 2% 244
WART ARG A5 FRol F 2] FAROR
Fela Aol7k Yrkp>0.05). M FAN F5 50
o & Azt v|wdte] £ F B el Z7 Hglony

Az - HF dojzn 23 A¥s9 Hlu 675

(p<0.05), H& 219 F2 Fuly} o
7to| EAF o R §9]3)F Zpo|7} ¢ 31‘4(p> 0. 05) (Table
2).

3. H1EF AL M=Zat ofnf

TRZ¥} RD9] RE A= & % 7
AHpositive T1 tllt1ng)~ BN & To|= g9 42
Btk TR Al1§S ZAA 4= il
I} v|wste] B 1,199 oF5lE i1, RDE
FANA Ht 1.2°9] e BYou; F bl fofet
Zol= SlSiTHp>0.05). &2} o7l =o] Aol
T FAA T 21 {3 Afole §lslh(p>0.05)
(Table 2). A7} ¥o] E4F2 TReEIA & A 14%
2/14)00A 2F FAA 29% (4/149)= F7F=HARE
RDoA = & A 21% (7/33)01A4 HFE FAIA 12%
(8/33)& Zhastaict.

Fll‘

4. 1 9| 4}

TR LIVT= 2 FAIoA Bt 60.1%9] s 2
HaL, RDwES 25 FAA Hat 62.4%2] 1gS Ko
= 7ol Goldt 2ol 91QItk(p>0.05)(Table 2). TR
79 & AI7ES 231+385(170-2908), 4 5 &8
2k2. 2,050+1,060 ml (1,000—5,000 ml)©]¢le.# RD
2 7F7} 963+395-(190—-380%), 3,217+1,670 ml
(1,000-8,500 ml) 2.2 & #7ke] §-9Jgt z}o]7} 9lof
TR0l & AlZto]l o Aokl 2¥FE A<

?‘i i]ﬂ %’io]
S, -rTH OJT]TE = Hkro] %
s L/\J(addmg—on phenomenon 2 TR
o A 27, % 399 SHRfol|A] 4] T
AA A Ay

=] 3-=F

1%
O t‘é?ﬂﬂ&’ixl i olg

oA 2T



Az7h s R50] et A9k gsith 3%
H o Zg_

AT BT A7, 717] oy 1 B ot ot WHECIth ASo® S5 3 BT
(junctional kyphosis)S Hol= A= ¢igich o] 7hsaltn Hu'*0E 7 7ree] A9 0]Fo]
w=foll Al 3 Wgo] djgk mgo] FopA] YLt 23]
LS & ostEtts 1497} Hula ofo] digt o] g2 7
S §5 SUSY =& Foll YeRd o7l £330l HHe2 FA9 ol5HZF)0] Aol $Ixste 34
Ui Axe 28 AR 35 T AEHA] 1 B osiAd 5= Qlths SAZE AAE AL, A9
o & Qg WA 4= ok AHAo] 1960t FHE o] & ol 5ES Tl AXAIA FJH HYS w5 Qe
AR A AP o)A AR F wkLo] 2pkA A3 doleo] mQlE et 2ejate] &Y 5 v
Ql WA o5 A= 5HE Holue st &5 A 7 aeat A3 Holed Hwsks Hago] v
ghato] e oJgt Aok, ok o) BatFolut gl
i AxE i) et Gulfles AR 5 e Muschik 592 699 H4d7] By §3 ks
7H 9ol AR 9 sk g3 whe] f3te] Hast  BAE H3% ALY} hookS o]8dto] 3019 At
ct, NAE 23 Holag, 3999 s a das
Harrington 71712 AH83t King 57 AL §3 vk 2 283 47} 3 §5 7] mgL 748 7ei%o] ¢
o] Z3 AN A1FF7t o] LE53 HOo R 7] Sl A3 FHS A HolgoA o Syl
&olx =(positive T1 tilting) +22¢1 Aol 48 Hiustgon] F3 vhaio] 37 W, g5 uhxo u
o] Pajrta 61913, Lenke 57 Harrington 7]7] A, ALl Hstoll= = &40 2fol7h gioletar &kl
B} P w4E Kol Cotrel-Dubousset 77| 2 o}, 183 AREo] BHby F3 Zukzol wAoA A
A 72e B H3 SUSollA] AR 5= w0l 307 ¢ FHOR £ &4 vlusto] 3 WS 2 T
golal ZH Z3F AKlo|A 207018k E|A] AL HE S wAoll= F &Alof Apolrt glan, e el & A
A} He] Grade 1 oldolA Hol7t 1 em o]4Fel 7ol Al = F WA pull-out failure7} 235 B
A, Fo ALEE AAPE s A F B Ty ik ) =
o] FAI7F Al6g olatel A A §5 T 7 AAEQ] ol dHE olF F v AHSE R &
sjofof gl sty AAEL IA ] AHSH 7]7] A, & HFE Hol&d} s ded vt Hxo B
uRETH AN P AT A2 B A8eS AF B, o] AR e el AF dolwo] s A
B3HHA] olof| et AR F W 73 A8l 9 ohE F WO A I g ol 2ol9 HFE g
st Jo] aghs LA =tk o] o] B 53| QlojA= § Sdt, & &7|7F Eskal 7t
o HioA] AR F3 whs Gt 23 fEsHA 029 & Aol o AR E I 8ol worde &
ok & Hluste] AHE F5 qhao] 257 o) oA of 5 AUSATE olFet BilE o] Ho| °Y §5 US|
N FHE o1FAY & o Aol Qe A=A F S4E vwd A= Aol "ol Qlth. o]glh Afoj=
Z ko] 83to] Wasichy Bugh vp o Aol AR A YARRS] Rt ol w2 &7
o|e} Zro] o]F F= WhF] AR F5 v 7)o o] §izte] 71Qlgt Ao R AZHETE & 1749 HalofA
U 43 279 g3t Rl ofg] =000 of L A2 HosoNE 78 Aeent np R FUg
FO|A| AL QA o]F 5 WS wAslE WHlelu & URbA mFO] AR ARG UARES 7ol A
A HsHE = A9 gl AAoltk HIA & & dol7ky] AR5 HolAA e Aldsteon, o
A A S0 w0 A @42 e 79 2 QI3 F57 ARl Bk flo] HeljA & F
£ A2 Aol%” | Cantilever bending”, In situ 37 UAHEY] 2|2 wo] WAAFOH S A7 G4
contouring'” @ o]t WS E gL WY 5 ofg 73 s E ol RA T vhre] wAe e A
SAEo] A it} ojFel £AEL VEHoR F  EVL U3 A9E 4E 5 AN AR wekEd A



NIV
2
>

2 oo
S~
>

o
X

g
&
[
O
)
0
Q
(0]
2
I
S~
%
5 o

i
ol
=

o

N
O~
i

hu
o £
2

v
S~

Iy
1o

2
1o o
%

2 ok e e

P ok

o
>
=2

1

T
o=
oot
tlo

ol
—_
rir

).

&

> o\
o M

o

P

o

=

Y

lj\l ﬁ
N

ol

>~

i
e H
ek

014
ot
H1
[H 30 og
o gy Ay 4y e 3o g o

ro,
rlO =

o &
ofr oft
+

n\lﬁ

[¢]
=~

—

O

N> x0 my N

r o ™ jo 4
opp
ot
[o

Tl
o ofr ok
o 1M o
o

2

~ qo
~ e

-

3O, mek
O

o

o
ol
ol
)

d
rot, [
_c_)(ﬂ.l
o =
r i o

:

_ﬁ
2
b
o

by e R
o of

lo e

yo
rore e
di A

d0 o Yo
N

i

-

H A=

Ay A
N

O:
il
o

O

=0 0

mr Mo
-
ofr
el
=
N UL

jud

4y}

i > e oox
ot

oot Mo g nSk

re

K
I

o 2

o ¥
iy,
Yo
2

o
[} OlN -I)ll

PR
R

)
|o

it

1. Chang KW: Cantilever bending technique for treatment of
large and rigid scoliosis. Spine, 28: 2452-2458, 2003.

2. Cil A, Pekmezci M, Yazici M, et al: The validity of Lenke
criteria for defining structural proximal thoracic curves in
patients with adolescent idiopathic scoliosis. Spine, 30: 2550-
2555, 2005.

10.

11.

12.

13.

677

. Cotrel Y, Dubousset ], Guillaumat M: New universal

instrumentation in spinal surgery. Clin Orthop Relat Res, 277:
10-23, 1988.

. Delorme S, Labelle H, Aubin CE, et al: A three-

dimensional radiographic comparison of Cotrel-Doubousset and
Colorado instrumentation for the correction of idiopathic
scoliosis. Spine, 25: 205-210, 2000.

. Delorme S, Labelle H, Aubin CE, et al: Intaoperative

comparison of two instrumentation techniques for the cor-
rection of adolescent idiopathic scoliosis. Rod rotation and
translation. Spine, 24: 2011-2017, 1999.

. Gardner-Morse M, Stokes IA: Three-dimensional simula-

tions of the scoliosis derotation maneuver with Cotrel-

Dubousset instrumentation. | Biomech, 27: 177-187, 1994.

. Goshi K, Boachie-Adjei O, Moore C, Nishiyama M:

Thoracic scoliosis fusion in adolescent and adult idiopathic
scoliosis using posterior translational corrective techniques
(Isola): is maximum correction of the thoracic curve detri-
mental to the unfused lumbar curve? Spine |, 4: 192-201,
2004.

. Kim DS, Suk SI, Kim W], Rhee HC: Comparison of apical

Z-axis derotation between rod derotation (RD) and vertebrae
to rod (VIR) methods in idiopathic thoracic scoliosis. | Korean
Soc Spine Surg, 7: 253-258, 2000.

. King HA, Moe JH, Bradford DS, Winter RB: The selection

of fusion levels in thoracic idiopathic scoliosis. | Bone Joint
Surg Am, 65: 1302-1313, 1983.

Labelle H, Dansereau J, Bellefleur C, et al: Comparison
between preoperative and postoperative  three-dimensional
reconstructions of idiopathic scoliosis with the Cotrel-Du-
bousset procedure. Spine, 20: 2487-2492, 1995.

Lee CK, Denis F, Winter RB, Lonstein JE: Analysis of the
upper thoracic curve in surgically treated idiopathic scoliosis.
A new concept of the double thoracic curve pattern. Spine, 18:
1599-1608, 1993.

Lee DH, Lee JH, Kim SH, et al: Tactics for surgical
treatment of the double thoracic scoliosis: significance of T1
tilt, first vib elevation and correction ratio. | Korean Soc Spine
Surg, 9: 106-114, 2002.

Lenke LG, Bridwell KH, O’Brien MF, Baldus C, Blanke



678

K: Recognition and treatment of the proximal thoracic curve

in adolescent idiopathic scoliosis treated with Cotrel-Dubousset

instrumentation. Spine, 19: 1589-1597, 1994. mentation. Spine, 25: 2342-2349, 2000.

14. Muschik M, Schlenzka D, Robinson PN, Kupferschmidt 17. Suk SI, Lee CK, Kim W], Chung Y], Park YB: Segmental

C: Dorsal instrumentation for idiopathic adolescent thoracic

scoliosis: rod rotation versus translation. Eur Spine ], 8: 93-99, scoliosis. Spine, 20: 1399-1405, 1995.
1999. 18. Webb JK, Burwell RG, Cole AA, Lieberman I: Posterior
15. Steib JP, Dumas R, Mitton D, Skalli W: Surgical correc- instrumentation in scoliosis. Eur Spine ], 4: 2-5, 1995.

tion of scoliosis by in situ contouring: a detorsion analysis. 19. Winter RB: The idiopathic double thoracic curve pattern. Its
Spine, 29: 193-199, 2004.

16. Suk SI, Kim W], Lee CS, et al: Indications of proximal 1989.

thoracic curve fusion in thoracic adolescent idiopathic scoliosis:

S A7 PS04 o|F FF AV B4 AF S5 &4 A5 AREHE HF Aoy
3 7% 7% ARE 9y} v|wslas)t stk

CHA S té.*: F& T A 29 olF2-8.89) FA| FFo] 7HeRW Al 479HE FFH o2 ARSI
A3 Ho|eg A3 Bf-(n= 14)E TRTZOZ, 7% 7&%‘%& A28 ZA9-(n=33)E RDTOZ E7F3l9r}.
<A “&—ﬂ.«l ZAANM T F Aololl o3t fole 9l
2 i

4 ik TReM & A 57i4°4 R T 5249°9] 0]‘—1‘ '%_*’Zr Tt HE FAIA 242 24147 (35%aL
Ao}t 18+5° (65%A) 2 TAHYTH RDTNA & A 40+7°9 AR F3 ulaa) 56+12°9] op5 F3 W
& HAE ZAA 42 19+7° 51%2A)Y 16+6° (72%nA) 2 AL A2 §F 2 3} §F= vae
WAL 2 Abolel f2f@ Apol7t 9lo] RD?LOM o 538k Atk(p <0.05). §5 9, 83 Ak FHS: 47,
o7 é% l }Ol AFF BA 24, §3 He F el frofst akole Yt TR & AR 2832

Zyzy B 23183 2,050 mlolgigui RDT-2 263%3 3,217 mlZ 28k Zol7t Athp <0.05).
2B i gee H Sa e g o % U S Mol F3ew, 43 Aol
Zhoz ge 54 A e 7

2 e,
A1 Elof: Sy

X
"

=3
4% 203, ofF §5 U, 437 UAR, 4% Aok, 42 P9s

recognition and treatment of double thoracic curve pattern in

adolescent idiopathic scoliosis treated with segmental instru-

pedicle screw fixation in the treatment of thoracic idiopathic

recognition and surgical management. Spine, 14: 1287-1292,



