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Comparison of Proximal Fusion to T1 or T2 in Double
Thoracic Adolescent Idiopathic Scoliosis

Jin-Hyok Kim, M.D., Se-Il Suk, M.D., and Sung-Soo Kim, M.D.
Seoul Spine Institute, College of Medicine, Inje University, Sanggye Paik Hospital, Seoul, Korea

P u r p o s e :  To assess the results of double thoracic fusion using pedicle screw instrumentation fused 
proximally to T1 or T2 in patients with double thoracic adolescent idiopathic scoliosis (AIS).
M a te r ia ls  a n d  M e th o d s :  Forty patients with double thoracic AIS were analyzed retrospectively after 
a minimum follow-up of 2 years. The patients were divided into two groups according to the proximal 
fusion level: the T1 group (n=26) was fused to T1 and the T2 group (n=14) was fused to T2.
R e s u lt s :  There were no significant differences in the preoperative curve characteristics between 
the two groups. In the T1 group, the preoperative upper curve magnitude of 38±7o and apical vertebral 
translation (AVT) of 8±6 mm were corrected to 17±7o (54% correction) and 4±3 mm (3 mm cor-
rection) at the final follow-up, respectively. In the T2 group, the preoperative upper curve magnitude 
of 37±5o and the AVT of 7±4 mm were corrected to 22±6o (42%  correction) and 6±3 mm (1 mm 
correction) at the final follow-up, respectively. There was no difference in the correction of lower 
thoracic curve, sagittal alignment and balance between the two groups. There was a significantly 
better correction in the upper thoracic curve and T1 tilting in the T1 group than the  the T2 group.
C o n c lu s io n :  In double thoracic AIS, fusions to T1 and T2 produce satisfactory results. However, 
fusion to T1 is recommended for a better correction of the upper curve and T1 tilting.

K e y  W o r d s :  Idiopathic scoliosis, Double thoracic curve, Pedicle screw, Proximal fusion level
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결  과
  T1 20 , 6

14,7 (10.6-20 ) . 

38.2±7.2o 42.3±18.2%, 

7.8±6.0 mm 53.3±

8.6o, 62.4±15.8%, 35.7±

14.4 mm . 28.6±8.2o, 

146.8±37.7%, 8.3±6.6 

mm . T1 17.0±7.7o, 

46.2±8.2o 8.8±6.4 

mm, 20.6±16.4 mm . 1

8.3±4.2o, LIVT 18.2±7.2o

0.7±2.6o, 9.6±6.4 mm

.

  T2 12 , 2

14.6 (10.9-20 ) . T2

37.4±4.7o, 42.3±21.1%, 

6.6±3.6 mm

54.1±10.9o, 59.0±17.8%, 

35.9±15.4 mm . 

31.4±8.6o, 107.1±26.2%, 

9.2±6.9 mm . T2 17.6±

8.6o, 49.8±8.4o

10.1±7.8 mm, 18.9±14.0 mm

. 1 8.6±3.7o, LIVT 18.5±

7.2o －0.1±2.7o, 

9.0±5.7 mm . 

(p＞0.05).

  1. 만곡 교정

  T1 38.2±7.2o

1 16.3±6.7o 57%

17.3±6.5o 54% , 

7.8±6.0 mm 1

5.8±5.0 mm 2 mm 

4.4±2.8 mm 3 mm . T2

37.4±4.7o 1

20.4±5.6o 46% 22.3±

5.5o 42% , 6.6±3.6 mm

1 6.6±3.1 mm

5.6±3.3 mm 1 mm

. 1

(p＞0.05) 

(p=0.037) 

(p＞0.05)(Fig. 1, 2).

  T1

53.3±8.6o 35.7±14.4 mm

1 14.3±6.5o ( 73% ) 10.9±7.9 mm

( 67% ) , 15.6±6.8o (

71% ) 9.9±7.3 mm ( 68% )

. T2

54.1±10.9o 35.9±15.4 mm 1

16.8±6.8o ( 70% ) 12.3±7.0 mm (

65% ) , 18.4±6.2o ( 67% 

) 11.8±9.4 mm ( 67% ) . 

(p＞0.05).

  T1

28.6±8.2o 8.3±6.6 mm, 1 8.0±7.6o
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A B

Fig. 1. (A) A 13-year-old girl with a double thoracic curve. She had an upper thoracic curve of 45o, lower thoracic curve of 55o and 
lumbar curve of 30o. T1 tilting of 15o and a shoulder height difference of 10 mm with the right shoulder elevated. (B) She was treated 
with double thoracic fusion using pedicle screw instrumentation from T1 to L1. Seven years and 6 months after surgery, the upper 
thoracic curve was corrected to 10o, the lower thoracic curve was corrected to 14o and lumbar curve was corrected to 12o. The T1 
tilting was improved to 3o and the shoulders were level.

A B

Fig. 2. (A) A 15-year-8-month-old girl with a double thoracic curve. She had an upper thoracic curve of 38o, a lower thoracic curve 
of 52o and a lumbar curve of 34o. T1 tilting was 10o and the shoulder height difference was 21 mm with the right shoulder elevated. 
(B) She was treated with the double thoracic fusion using pedicle screw instrumentation from T2 to L1. Two years and 6 months after 
surgery, the upper thoracic curve was corrected to 25o, the lower thoracic curve to 15o and the lumbar curve to 5o. The T1 tilt was 
aggravated to 16o and the shoulders were level.

(  74% ) 8.4±5.6 mm, 7.9±

6.5o ( 73% ) 9.3±6.9 mm . T2

31.4±

8.6o 9.2±6.9 mm, 1 8.3±5.8o (

75% ) 8.5±7.2 mm, 7.6±6.9o 

( 76% ) 8.4±6.3 mm . 

(p＞0.05)(Table 1).
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Table 1. Coronal Deformity and Apical Vertebral Translation󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏
T1 group (n=26) T2 group (n=14)󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏 󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏

Upper thoracic Lower thoracic Lumbar Upper thoracic Lower thoracic Lumbar󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏
Preoperative
  Magnitude ( o ) 38.2±7.2 53.3±8.6  28.6±8.2 37.4±4.7 54.1±10.9  31.4±8.6
  Flexibility (%) 42.3±18.2 62.4±15.8 146.8±37.7 42.3±21.1 59.0±17.8 107.1±26.2
  AVT* (mm)  7.8±6.0 35.7±14.4   8.3±6.6  6.6±3.6 35.9±15.4   9.2±6.9
Immediate PO†

  Magnitude ( o ) 16.3±6.7 14.3±6.5   8.0±7.6 20.4±5.6 16.8±6.8   8.3±5.8
  Curve Corr‡ (%) 56.9±17.1 73.3±11.0  74.4±27.7 45.8±11.7 69.7±12.0  75.0±13.0
  AVT* (mm)  5.8±5.0 10.9±7.9   8.4±5.6  6.6±3.1 12.3±7.0   8.5±7.2
Final follow-up
  Magnitude ( o ) 17.3±6.5§ 15.6±6.8   7.9±6.5 22.3±5.5§ 18.4±6.2   7.6±6.9
  Curve corr‡ (%) 53.6±17.8§ 71.0±11.2  73.3±19.2 41.1±11.0§ 66.8±11.2  76.1±17.6
  AVT* (mm)  4.4±2.8  9.9±7.3   9.3±6.9  5.6±3.3 11.8±9.4   8.4±6.3󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏

*AVT, apical vertebral translation; †Immediate PO, immediate postoperative; ‡Curve Corr, correction rate of curve; §p-value was less than
0.05 when comparing the values between two groups.

Table 2. Other Parameters󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏
T1 group (n=26) T2 group (n=14)󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏 󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏 p*

Preoperative Final Preoperative Final󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏
Cor. balance (mm)  8.8±6.4  7.6±6.4 10.1±7.8  7.3±6.1 ＞0.05
Sag. balance (mm)  20.6±16.4 18.7±8.9  18.9±14.0  16.4±10.6 ＞0.05
T-kyphosis ( o ) 17.0±7.7 22.5±8.0 17.6±8.6 24.2±6.8 ＞0.05
L-lordosis ( o ) 46.2±8.2 49.4±8.1 49.8±8.4  48.1±11.1 ＞0.05
T1 tilting ( o )  8.3±4.2  6.1±3.4  8.6±3.7 10.0±3.9 ＜0.05
Clavicle angle ( o )  0.7±2.6  1.8±2.8 －0.1±2.7  1.4±3.0 ＞0.05
SHD† (mm)  9.6±6.4  9.2±8.7  9.0±5.7  8.8±7.3 ＞0.05
LIVT‡ ( o ) 18.1±7.2  5.6±2.9 18.5±7.2  5.8±4.2 ＞0.05󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏

*p-value was calculated from a comparison of the values at the final follow-up between the two groups; †SHD, shoulder height difference; 
‡LIVT, lowest instrumented vertebral tilting.

  2. 척추 균형과 시상면 정렬

  T1 8.8±6.4 mm 20.6±16.4 mm

1 7.8±5.7 

mm  23.0±18.5 mm, 7.6±6.4 mm

18.7±8.9 mm

1 , 1 . 

1

 , 

. T2

10.1±7.8 mm 18.9±

14.0 mm, 1 9.8±7.5 mm 19.3±13.0 

mm, 7.3±6.1 mm 16.4±10.9 mm

, 1

. 

(p＞0.05). 

  T1 17.0±7.7o 46.2±8.2o

1 20.5±7.4o 44.8±6.6o

, 22.5±8.0o 49.4±8.1o

. T2 17.6±8.6o

49.8±8.4o, 1 21.9±10.6o 50.1±

12.3o , 24.2±6.8o 48.1±11.1o

. 

(p＞0.05)(Table 2).
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  3. 제1흉추 경사, 쇄골각과 어깨 높이 차이

  T1 T2 1

(positive T1 tilting)

. 8.3±4.2o T1 1

1 6.9±4.4o 2o

6.1±3.4o 2o , 

8.6±3.7o T2 1 1

10.4±5.0o 2o

10.0±3.9o 2o . 1

(p＞0.05) 

1

(p=0.009)(Fig. 1, 2).

  T1 T2 0.7±2.6o
－0.1

±2.7o 1.8±2.8o 1.4±3.0o

(p＞0.05).

  T1 T2 9.6±6.4 

mm 9.0±5.7 mm 9.2

±8.7 mm 8.8±7.3 mm

(p＞0.05). 

T1 50% (13/26), T2 57% (8/14)

T1 31% (8/26), T2

29% (4/14) .

  1

(p＞0.05)(Table 2).

  4. 그 외 결과

  18.1±7.2o T1 LIVT 5.6

±2.9o 61% , 

18.5±7.2o T2 LIVT 5.8±4.2o

64%

(p＞0.05). T1

240 (170-315 ) T2 248

(205-310 )

(p＞0.05)(Table 2).

  5. 합병증

  

. T1 2 T2 1 , 

3 T2

. T1

MRI
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, 

(junctional kyphosis) .

고  찰
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2,6,9,12). 
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  Harrington King 2)

1

(positive T1 tilting) 

. Winter12)

, , 

, , 

1 , 

, wedging, 

. Lee 3)  

1

1

, 

. 4) 1

1

. 

1

. 1 2

1 0

. 1 1

2
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. 
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30o 
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6

. 

. 9)

25o 

. 

1

. 

, 

1 2 . 1

(convergence)

. 

1

2

. 

, 1

. 

, 

. 1

2

2

. 2 1

, , 1

. 

1

1

. 
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= 국문초록=

목적: 척추경 나사 고정술과 이중 흉추 만곡 유합으로 치료한 이중 흉추 청소년기 특발성 척추 측만증에서 
근위 유합부가 제1흉추인 환자와 제2흉추인 환자의 결과를 평가, 비교하고자 하였다.
대상및방법: 수술 후 최소 2년 이상(2-7.9년)의 추시 관찰이 가능했던 환자 40명(평균 나이: 14.7세)을 후향적으
로 조사하였다. 환자는 근위 유합부에 따라 2개의 군으로 나누어 T1군(n=26)은 제1흉추까지, T2군(n=14)은 
제2흉추까지 유합을 시행한 군으로 분류하였다.
결과: 술 전 이중 흉추 만곡의 측정값에서는 두 군 사이에 유의한 차이가 없었다. T1군에서는 술 전 38±7o의 
상부 흉추 만곡각과 8±6 mm의 추체 전이는 최종 추시에서 각각 17±7o (평균 54% 교정)와 4±3 mm (평균 
3 mm 교정)로 호전되었다. T2군에서는 술 전 37±5o의 상부 흉추 만곡각과 7±4 mm의 추체 전이는 최종 
추시에서 각각 22±6o (평균 42% 교정)와 6±3 mm (평균 1 mm 교정)로 호전되었다. 최종 추시에서 하부 
흉추 만곡각, 시상면 정렬, 척추 균형은 두 군 사이에 차이가 없었으며(p＞0.05), 상부 흉추 만곡각과 제1흉추 
경사는 T1군에서 유의하게 작았다(p＜0.05).
결론: 이중 흉추 청소년기 특발성 척추 측만증에서 제1흉추나 제2흉추까지의 유합은 모두 만족할 만한 결과를 
보여 주었으나 제1흉추 경사와 상부 흉추 만곡의 향상된 교정을 위해서는 제1흉추까지의 유합이 권장된다.

색인단어: 특발성 척추 측만증, 이중 흉추 만곡, 척추경 나사못, 근위 유합부

tilt, first rib elevation and correction ratio. J Kor Spine Surg, 

9: 106-114, 2002.

 5. Lenke LG, Bridwell KH, O'Brien MF, Baldus C, Blanke 

K: Recognition and treatment of the proximal thoracic curve 
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