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The influence of preoperative Halo-gravity traction on the selection of osteotomy grades in the
treatment of severe Kyphoscoliosis secondary to neurofibromatosis type I/XU Yanjie, LIU Zhen, HU
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[Abstract] Objectives: To evaluate the effects of preoperative Halo—gravity (HGT) traction on the osteotomy
grades selection plan in the treatment of severe kyphoscoliosis secondary to neurofibromatosis type I (NF1).
Methods: From January 2011 to December 2018, a consecutive cohort of 19 NF1 patients with severe
kyphoscoliosis who underwent surgery in our institute were retrospectively reviewed, including 11 males and 8
females with an average age of 15.8+7.1(6-41) years old. According to the treatment methods, patients were

divided into 2 groups: 13 patients in group A were treated with preoperative HGT followed by posterior
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surgery; 6 patients in group B underwent one—stage posterior surgery with spinal osteotomies. The osteotomy

grades, Radiographic parameters including the

global kyphosis (GK)

deformity angular ratio (s—=DAR) were measured and compared before traction, after traction and immediately

operation data and perioperative complications were recorded.

Cobb angle of coronal curve, coronal deformity angular ratio (c-DAR), and sagittal

after surgery. Results: No significant difference was observed between the two groups in terms of the
demographic data, pulmonary function and the preoperative radiographic parameters. For patients in group A,
the average maximum traction weight of HGT was 13.0+2.1kg(9-16kg) and the traction duration was 9.9+3.8
(6.5-19) weeks. Before traction, the coronal Cobb angle and sagittal Cobb angle was 109.9°+23.2° and 84.2°%
16.2° respectively, and they decreased to 81.4°+21.0° and 68.0°+15.2° after traction. The coronal and sagittal
correction rates of deformity were (26.3+9.1)% and (18.9+11.7)% respectively. The ¢-DAR and s-DAR was
significantly decreased from 17.5+4.1 and 13.0£3.6 to 12.8+3.5 and 10.9+2.7, 8 patients (8/13,
61.5%) in group A needed not undergo three —column osteotomies after traction treatment,
osteotomies were performed,
surgery, the coronal Cobb angle further improved to 60.8°£19.8° and GK decreased to 46.2°x16.1°,
correction rates of (45.2+10.9)% and (45.5%15.7)% respectively. For patients in group B, the coronal Cobb

respectively.
only Ponte
while all the 6 patients in group B underwent three—column osteotomies. After
with a
angle and sagittal Cobb angle was 101.7°£14.5° and 75.5°£9.9° respectively, and they decreased to 60.8°x
(49.9+10.8)%

and (47.9+7.2)% respectively. There was no significant difference with respect to the deformity correction rates

19.8° and 39.0°+5.0° after surgery. The coronal and sagittal correction rates of deformity were
between both groups (P>0.05). The operation time was significantly shorter and the intraoperative blood loss
was significantly less in group A than in group B(P<0.05). 1 patient in group A had transient brachial plexus
palsy which resolved completely after reducing the traction weight. Each group had 1 patient occurring
abnormal intraoperative monitoring during the osteotomies period.  No neurological defects were observed
postoperatively. Conclusions: For NFI patients with severe kyphoscoliosis, preoperative Halo—gravity traction

is an effective and safe strategy, which can improve spinal deformity to some extent. In addition, it could

increase the safety of surgery through reducing the osteotomy grades, shortening the operation time, and
reducing blood loss.

[Key words] Neurofibromatosis; Scoliosis; Kyphosis; Halo—gravity traction; Osteotomy
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I YR 28 2F 4E 98 % (neurofibromatosis type
1,NF1) SUFR A& T4 25 2F 45 9, b B R s oy
W P 1) 32 25 P 2 — o 41 SCHR AR IE ,NF1 5 JF B A
0 o™ BT 1) 2 A 6 10%~60901" 2, IS5 AL T
AT o, HL PR AR A I M A 25 4 A A ™ T R
S, T ARIAST BMEEF0 AU A X T A A=
WP E B, AT TR R FR1TE
7% 19 = #‘H (three—column osteotomy,3-CO)F
AR 3-COTARBEIR AT IL B B4/ I8 5 e {3
SR PR 6 F AR R B s BRI
R A 8 R B A7 B DR = A i SRS il 7R A
F B W IE B[RS, S AT RERE G PR 22 T g
3 1Y A KU, A B R AR BE A SGE Y HE A
i 4F oK Halo 8 Jj 4% 5| (Halo—gravity traction,
HGT) A AT DUAE A BT 84035 28 B4 5 1T i
BB X T AR B2 ZE I R AR 2] T

Sz R RS R PR AR FoATT AR X TR
48 NF1 A B HM G M WIE M B, 2 HGT iR
IR AT R0 3-COF R B AEH N
NI ACR . AV B E TR T HGT X
NF1 A5 A5 & 3 IR RL, 238 HGT iR
I T E RS

1 &RS5HE
1.1 — gkt

[a] i 2 B 2011 4F 1 A ~2018 4F 12 A 76 3%
BEi2i6 0 NF1 A 3 B A0S 0™ B TR A8 3 1 I
IRBERE, ANAFRUE - (1) AR 56 [ = 7 T AE B9 B
HIARIERR 2o NF1 B0 (2) 3 B A S o e
& GEEAR 1 3245 Cobb £ = 90° Al/sl 4 IR 1 ft K
"y Cobb f1=80°); (3) AB/m il E MGy 7 544
AT 3-CO TR ; ()l R XL B =R e,
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BRbRdfE . (1) BETEA T AL (2)17 HGT iRYT
JEARATHERBIE A, RFFEREA PO ZE
DoAY 25 2B R W)
A

FRAE F R A K HEBR AR S A H A 19 il &
=L, 110, 2 8, AF IR 15.847.1 % (6~41 %),
WRAEARFZE AT HGT A 51,70 A A OR AT SeAT
HGT 5| FHAT/RBETIE T A 13 4])F1 B 41 (H
FAT 5 B B R T RI69T,6 ) o
1.2 IRJ7ITk
1.2.1 HGT fEJRmRIE T L8 A 4~6 M &
BRET (4 Halo Sk R, 135 835 35 1 J5 SR JH#E Ay Ak i v
AT AR G|, iR AR 5| R 2ke, MR BB A i A2
RE 2D 2 5 H S O 2ke/d, H &
KBl RAES | Ea, AVRHIRER 30%~50%, I
TR¥FHEZES] 12h DL B, X T EAFTEM 2T RER
T BN 28T AR S A ARG 5 v 14 S8 A U >4 D 2
A2 0| H RGN JF 4 H VPR B R 2 TR
A BT AT ) L I I () S 3 i
PR, W 57 B s A 4 5 | i 5 A Rl 2 AR
T DAl 228 SRR o S B R S R )
SR IR S|, ] 2~4 JA G 08 A
B X e R P A i e o A kIR O o e e
BUGEFEACE G, BRI e 2 B W 2
BF 0 Sy BP SR T A TR AR B3 e KR4 5
H R 13.0+2.1kg (9~16kg) , 72 51 ] 9.9+3.8 J&]
(6.5~19 JH),
122 JFEEESHIETAR 25 RIS B R
B, BIRVIIF R B N BT R B A 4
T R R R OE AR B OG5 AR AR AR I UL Rl
B EAME S ARIRET X RATAESIRYT 8 AR T
BT IR MG A AR B, R 3-COF
A, LG LM S AR B E AR (pedicle subtraction os-
teotomy, PSO) 5% 4= #E {7 U B K (vertebral column
resection, VCR) ; ¥ TSR AR E I B,
R FTRAMEX Ponte B . T AR 2RAT IR RIS &
HL {3/ (somatosensory evoked potential ,SEP) )iz 5)j
%5 & L7 (motor evoked potential, MEP) W53l &
FRAT AR i R
1.3 Tk 5P S8

IS R TR ] AR b i |22 5 | 48] &
FELAR 3 1) 5 A0 & AR 1 O o PPAR HGT 5 ARG YT
J5 BB RTE B SCE SO, M AR E TR b

A5 < IR T Y Cobb £ 568 PR 0N ™ £ J3E L (E
(coronal deformity angular ratio,c—DAR) & KJ5
"y Cobb ffi (global kyphosis,GK) | & IR [l J&5 ™ £8
£ L {A (sagittal deformity angular ratio,s—-DAR),
i N e IR oy A 5 o ¢ = (R =
Sl TEAL DI REFE b5 . H JIIIE & (forced vital
capacity , FVC) F155 1 #0480 H J1 /S 45 (forced
expiratory volume in 1 second,FEV1), ig5%E#
FEGNRIT R T R,
14 GeiteEsr

I I SPSS 22.0(SPSS 2, S ) G i+ #5114
AT G, TR BORMIR A IE S 0 A, LA
xts RN o P 2 SR N HUBCR HTRC X FE
A o K A IA] BRI ST REAS ¢ A TH O
BHEY 3R 2 K56 K Fisher A B K6 56 5 K6 56 7K
#E o fE BB 0.05,

2 BR
21— ER

PR 2L B  — R DL 3R 1 PR IR S AR
W 2R T2 2 X (P>0.05), 13 1T HGT &
J7 ) A S A 9.943.8 E, SEH i kA5
N 13.0+2.1kg, 5 B ML, A 4 & FARE}
J) B {8 4 46 (1=—-2.392, P=0.029) A H 1fi & BH i
WD (1=-2.118,P=0.049) ,
2.2 AREVOR S M DIRe T L

P B FIRITHT R R 2 S5 R 2, A
2 B TR T ™Y Cobb £ 7 HGT YA T 5 K&,

x1 WMABRE-RBERL FARABREER
Table 1 Comparison of the general data and surgical

data between the two groups

A4 B4l
Group A Group B
5 (n)
Gender
v
Male 8 3
u
Female 3 3
f\w@(? ) 14.8+4.0 17.8+11.8
ge
T?KHH‘I'Eﬂ(h) 5.0+1.0 6.3+1 5*1’[;
Operative time T T
%fﬂlﬁﬁﬂ” 1065.4+481.9 1583.3526.97
ood loss

(D5 A 411L4 P<0.05
Note: (DCompared with group A, P<0.05
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HEGI gt 25 A S8 L (1=8.738,P<
0.001), M8 IEZR N (26.3£9.1)%., KI5
Cobb ffi HGT IGY7 J5 A B & 3% (1=5.440,P<
0.001), J5 MBFIE R A (18.9+11.7)% , ek i fill ™
B O AE 5 2R T s ™ R A S A BRI A L
ERE G HE X (P<0.05), A HFRE, M.
Ji ™ Cobb M, S5ES|GELKESAHSIT
FE X (P<0.05), RJGH IERG5H (452+
10.9)% 1 (45.5+15.7)% (K 1), B HEHE ARG
J&i ™ TR 5 IE 53 5 R (49.9+10.8) % il (47.9+
7.2)% (K 2), PIAEHEAR G IEE ER A, %
SR E L (P>0.05)

PIALIRIT AT G I DI RE TG L 0L 3% 3, FVC 5
FEVI 12 R 4122 X (P>0.05) . &5 1R 7 )5
13 #il 4 FVC FEV1 38R Y7 I EE (P<0.05) .
23 HE RN

P2 S5 AEIR IT HAE AR e IR TE 3 S Cobb

®2 BEBTHEXRFSHILE
Table 2 Comparison of the radiographic parameters
before and after treatment

A (n=13)
Group A

B4 (n=6)
Group B

SR T Cobb £ (°)

Cobb angle of the coronal plane

A2 5| H (AT

Before traction (surgery)

A 5] )5

After traction

109.9+23.2 101.7+14.5

81.4+21.0% —

A 60841982  50.5£12.2%

After surgery

AR Cobb £f1 (%)

Cobb angle of the sagittal plane
5] (ORTT)
Before traction (surgery)

A 5| )5

After traction

84.2+16.2 75.5£9.9

68.0£15.27 —

A 46241612 39.0:5.0%

After surgery

b LR TR ™ £ L AR

Coronal deformity angular ratio
H 5T ORTT)
Before traction (surgery)

#5lJ5
After traction
IR T 5 O A B LU A
Sagittal deformity angular ratio
A5 ORTT)
Before traction (surgery)

A5 J5
After traction

17.5+4.1 19.4+3.3

12.8+3.57 —

13.0+£3.6

14.6+5.3

10.9+2.77 —

A (D5 [RIZH A 51§ L P<0.05 ;)5 [RIZH AT He 4% P<0.05
Note: @C()mpared with before traction, P<0.05; @Compared
with before surgery, P<0.05

1 =90° F/ak 5% IR 1 fe K5 1™ Cobb /1 =80°, A
Bt Je PEAG IR T T BRI AT 3-CO TR, A 4R
BHUEEBNRITIE A 8 il #H KT 3-CO FA X
17 Ponte BH AR, BRI FARIT R ERALIF
= X (*=6.378,P=0.017),
2.4 JFRAIENE LKA HE

A1 BB E RG] 3 JE B O A 4
RIS 37 WV A 5 E R R W Ok A
BOE TR W R X A AR T T R | R A1 o i
ERGIMKILIE, WASH | BIEREER T
B BRI ) B A 2 A B  SRH MEP U
B R R, S RIAT RS X8R X R IR YT IR R R
IEH AR b e G B, R 5 38 A DA e g
Mo A BB ARG E AT CT Kt , R IEET A
B A PN ] A OGO R

3 itie

AL T & NF1 A fcw WY i % 22 48 I
PRFEL, M NF1 5 2O S5 ™ o A AL 85 ™
iDL HJE X T NFL B, H 25 45 DOHE (K
fi RS EH AR S, BT BB S O e
T3 A 2 (] IR A AR A e A 2 L HE
PP A 5l i DURE RS HE 5 AR £ 4 2= e, F+
REET BN RAE, AT TN A & A5 53
ARG B BORAAED, X T FF AR5 ™ T
AW ik TR AL, Tk B P [ B
it 7 W0 5 OCTY REOCTTORBF IR, AT AT R
F I HER B AR . Schwab 2509 3 9 ) 3 L I
I E LN 3-CO TR, A 4R HE S AL #
AR (pedicle subtraction osteotomy,PSO) k& 4= ¥
AR (vertebral column resection, VCR) 45,
3-CO FARTENm KRz, AT 3R45 0l & 1
TERLRUS 1O Fan SE0IXF 60 5] 7™ 5 A A I 1™ B
AT 3-CO0 FARIRIT, ES MY Cobb 55
Cobb #f 43 33l th AR R F- 45 129.1°5 124.3°%F 1E 2
56.4°5 54.3°  FrILBCR W, HAR S BED5 9 ) oK
LY IE 2k AH SR IR TR IR AMER R
B A DG T A AL 4 B R ol 2 D e A | il A
TS 1 R AR LR 6.29%0~21.7% A0 Lau
G0 OIEL T R Z EHEBE R (posterior column
osteotomy, PCO) 5 #52 3-CO TR &35 (19 [ A
HRAER O, KIMAT 3-CO FARMEHHFAI
RAE (184 % vs. 10.9% ) B & i 22 D RE 1
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(204 % vs. 13.0%) W) &4 F ¥ 5 T 17 PCO iR RAE LT RN BE 5N 16.1%F1 8.7% ,2
ITIERE  BA 5 FEREVFIIE BoR 4T 3-CO %1 (6.5% ) JL 3 & 1A S H BB &+ 28 T g it
FAR A 5B AR T K AR 20 o A W B SR R R A 06l R AR TR G e AU B T AR i A

22

D,

B 1 12 % Lok i 2 o 4 fl ™ 3 AR 0 o e
ab FEBIHAT&HFFHEMAL X 2k F R EE M Cobb £ 135°,
FKJG M Cobb £ 70° ¢.d HGT 3477 2 A, M4 A5 Y
Cobb ff1 73 3 i 36 22 90°FN 45°, M | J& ™ %5 1 353 1k 33.3%

F135.7% e R ARIT 3-CO FAR, RJG MG N WL i#E—45
W IE 2 65°R1 330, AR JF M A ™ IE 4l 27.8% M1 26.7%
2 17 B Ak A G AT YR AR O JE TE
a.b RATEH A EMAL X 2k F R =M™ Cobb f1 122°, 5
KJG ™ Cobb i 69° ¢.d AR i A&7 HGT 697 ; K47 12
PSO 8 AR, A5 M5 ™ I 23 0] 55 IE & 54°F 27° 5 IE R
3N 55.7%H 60.8%

Figure 1 A 12-year—old female, neurofibromatosis with se-

vere kyphoscoliosis a, b Before traction, the radiographs showed the Cobb angle of the main curve was 135° and GK
was 70° ¢, d After 2 months” of Halo—gravity traction, the coronal and sagittal Cobb angles were decreased to 90° and
45°, with correction rates of 33.3% and 35.7% respectively e, f Three—column osteotomy was not performed intraopera-
tively, the coronal and sagittal deformity was further decreased to 65° and 33° with correction rates of 27.8% and 26.7%
respectively Figure 2 A 17-year—old female, neurofibromatosis with severe kyphoscoliosis a, b The preoperative radio-
graphs showed the Cobb angle of the main curve was 122°and GK was 69° ¢, d Halo—gravity traction was not per-
formed. The PSO osteotomy was performed at 12 and the coronal and sagittal Cobb angles were decreased to 54° and

27°, with correction rates of 55.7% and 60.8% respectively
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AR IE b

R AR ONE  E EE RSB
A 5 25 il TS 35 G 2 BRI I G R
SR H R I R BRIk S T B R A, 1S AR 1
{14 I 22 JRUBS

AR HGT 38 2 o 38 8 35 1) 6+ i 2 LLKR
=80 ey e IR E ) I I & s R )=
I I S8 0 i D BES 01821 Koller 2505 1 e 45
A AN BB A S S D e AL R B AR
H FVC%H (42+20) %4 T+ 2 (49+20) % (P<0.05) ,
ek 3 R (7+8) %, Bao O al BME 43 # T 21
151] SN R T 5 - A I P ) 6 7 8 9 FR A K
WA 76.2d BIRHT HGT 1697 J5 , B3 1 fili
DI REH8 bR ¥4 A R 2 B 1 3% FVC% T3 $2 Tt
10.8%., TEARBIIEH, 823 HGT IRITIY 13 Bl
Ay i D gt A 22 ek, FVC i 0.81+0.12L |
T+ % 0.88+0.11L (¢=-8.117,P<0.001),FEV1
0.74 +0.12L I 7} & 0.80 £0.10L (¢ =-7.364,P<
0.001), #&m 1 B E X FAR B 32 M, 5 BEEAF5E
éﬁ%g@,ﬂy\[&%l&zuo

T3 A0 JHGT i 0] 38 1o #1544 5] 16l 9 2l
21 BN AR A I, o HRE R R R
Li 58 B X 19 5™ 5 M Bz A R w8 0 B AT
HGT 3697, 85 R BoR e #5167 e, B s
ey % 42 51 A7 6 95.3°0 /h & 64.1°, H 14
(73.7%) B3 A & T BEA AN A F2 B2 ks . X
JE A0l AL S BT T 29 9] NF1 A 9 7 5 A
Je T R R R B, AT HGT VAT I A )

*3 WHRBREZFRTEIEMINEE LB
Table 3 Comparison of the pulmonary function

between the two groups

A4l (n=13) B4l (n=16)
Group A Group B
JH 3 Jii 3% 4 (L)
Forced vital capacity
2 51 OR ) 0812012 0.83+0.06
Before traction (surgery)
5|5 o
After traction 0.880.11% o
95 1s AL
Forced expiratory in 1s
23| B ORED 074:0.12 077008
Before traction (surgery) e e
#3lm 0.8020.10" —

After traction

(D45 R4 4 511 L5 P<0.05
Note: (DCompared with before traction, P<0.05

M5 R 2 B AR T 29 21.9%F1 20.2% 19 %r
1E ARG 252 HGT IGYT Y 13 B & 1Y otk
T R 2R R T W R 4 501 ER R BT A 109.9°£23.2° F11
84.2°+16.2°%F 1E & 81.4°+21.0°(¢1=8.738,P<0.001)
1 68.0°£15.2°(1=5.440,P<0.001) , | | J7 "4 % 1E.
3 50M (26.3+9.1) %M (18.9+11.7)% , ANASHFFE
K DAR SRIPAL B H BT (9™ E M. Wang 5512
MIWFFE R, DAR AT H T AL PF AL 5 4 B A 15 )E
W SRR, I T TR o 2 T se R E Y
U KN . Lewis 58 120 [IEid: 4387 T 35 #4522
3-CO FARMIAIT M EFHEIE B H, 251 BxRY
JIRTH DAR 358 22 i, H MEP iz (1) & A %5k
B 75% , ABFSEEE R Bon il AR ET HGT 5], A
B H ¢c-DAR 5 s-DAR 43 %l Hi 17.5+4.1 Al
13.0+3.6 Wi /N & 12.8+3.5 (:1=7.963,P<0.001) F
10.9+2.7 (1=4.716,P=0.001), ZRHHGITHE
S, RFEAR c-DAR 5 s—DAR B B A R
J i R e S ORI, BRI 2 DR 3
R IRV 3 Sy AR AT B A R AIL T T g
Hr, BN F47 3-CO FARAYIE 7 E 1
TR, —MRU, —H S YISO E
PR, 5 FH 1 45 B 30 v B P A RO 5 T ™ L
TR A B AR S T R 1T 3-CO FAR LA 7
I3 BB IEJE MBI, ASBIESE R BN T NFL & F:
JUE AR ERE R R T HGT 338 40 % 8 3
AN I " IR S A RO T A R S A i
A REARF AR X FRE B IE R 755K, JoHIEXT
W2 B 995 I, K5 R DR o e Sk RSO s o, b
WA T BB AL X0 T 1) e 3, 2 5 T i P T A2 1, A
Mkt 78 48 FARMGEE, K5I AL
19 5] 55 5 S 36 B AR S o R JR R R i e R
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