of A HE 2 R 2021 AR5 31 B 5 1 M1 Chinese Journal of Spine and Spinal Cord, 2021, Vol.31, No.1 47

I R 1€ 32
A Chiari | A5 Fo 48 = TR A AR Y 8 2
—HERARETHARE 5 Fh L 4R

BEHES By, s R F.EFE OB, E R
(BHERIRZEE “WEERE R 650101 =& BHT)

[BE) By .00 — WG B A B IE ARG & Chiari | BUHSJE (Chiari [ malformation, CM 1) Fll - 5 55 1
(syringomyelia,SM) HAEMIY A5 1Y 5 L EREVISE R . 7% :2007 48 1 H~2015 4 6 H Utif 23 #iIfE L CM1
HUSM A FEMIY B 519 6, % 4 B AR 10~39 % (16.0+5.9 %), ¥4T— W15 I E AR B AR Horb 10 4
17 )5 % 48 MEBUE 57 T2 R (posterior vertebral column resection, PVCR) , 13 4447 B 4l 4 FE 55 JE 11 oA 47 40 45 A8
A, A BETARBE BT AT 2 X 28R CT & MRI B4, 78 25 FE X 28 A L 1EA 35 A0 20 MR A7 et
IR B R #F MRI B & SM R/ 284k . MR 4l MRI 2558, H#A 56 25 T 9k 138 8L (cervical syrinx
tension ratio, CSTR) ~FHIMEAE M iR S1B: SM K/ AR FE bR, B AR KB VIRS CSTR T B =20% 2 XA SM
WU I R A 4 S BB SM B0 21 AN TC B0 AL 5 FEAR I AR rh U A5 A H A A A R R R 4 PVCR 41
Ak PVCR 4. ok B v T RAEES THOME Y B Ga AR A7 40 A B SRR 5 A BE IR £ B2 LY (deformity
angular ratio, DAR) .SM & J& P CSTR AR Hi 22 5145 50 il &1 B A oK YR B U5 B 5l fR T 7 T 2% 5 2 MR T
HFR SM it 4% i | BT B 1R 25 O IR AT G T2 oA . PR ALIR) 2 7R 0 00 25 SR FH ST REAR o AR 0 Y ik b AT
He#s, e R R RS, SR BEVTRTAL R 6.2+1.1 4 (5~9 4F ), AFTEIR AL 32 A A 77.1°+28.0°
(33°~122°) , RJG Ik /D & 27.8°+18.4°, KRBT}y 29.5°+21.2° , 56 R 16T 0™ 47 1E R 4 (65.7+13.0) % . R Rij 4K
i J& ™ 1 N 57.2°431.9°(8°~155°) , R JF I 4> 28 29.3°+15.2°, R UK P I Ry 32.4°+16.5°, 2 4R 1 J 1™ 47 1E %
7 (48.4+22.6) % . JIT A7 9 19 A UL P i1 o MR AT A Bl WP Y B PRG3R TER S M A T AR L CSTR B4 28
47.8%(11/23) ,SM BG40 11 1], SM JCECE 21 12 6], SM 36 41 58 38 10 T3 FRAFE IS (18.6+7.5 % vs. 13.7+2.4
% ,P=0.040) . %% PVCR RIAJ7 M H B (81.8% vs. 16.7% ,P=0.012) F il 455 BEF (14.2£0.9 vs. 12.3+2.9,P=
0.044) 34 5 T SM JC 203 4L 5 10k B TOUME Y BE IR A B A SO S ™ A DAR SM K
CSTR AHIZE 51328 F W JE 99 1F 25 R 6 7 B[] 9 26 [R] LG 323 e 4e 1% 22 5 (P>0.05) . PVCR 41 i # #¢E PVCR
AT B A A 5 (98.8°+13.8° vs. 60.5°+24.5°, P=0.000) Fil J& 'y I (74.8°+37.5° vs. 43.6°+18.6°,P=
0.032) A B KB IR I DAR (15.6°44.2°/%5 BE vs. 10.2°044.2°/95 B, P=0.006) F1 5 Ik il DAR (12.0°+7.6°/45 Bt
vs. 6.7°+3.9°/75 Bt ,P=0.040) . & DAR(26.8°+11.4°/75 BX vs. 15.3°%6.5°/ 15 B, P=0.006) % T ¥ $ 5% A i 4 51 1%
57 (70.0% vs. 23.1%,P=0.024) A K Al A1 BE A (14.241.2 T B vs. 12.442.7 ¥ BE, P=0.045) Al SM 3k 5
e 1 B3 2R (80.0% vs. 23.1%,P=0.007) ; T HE 5 73 F AR AR TOUME Y BE SM K B 734 CSTR Wi i 1E %
R i 7 st [ 8 20 ) AR B JE R 1T 2 25 5 (P>0.05) o 8518« — 15 I A T8 AR R 3R 7 R i JC A I i 48 1 BB A7 46
I L CM T A SM AR 835 00— Rl g 5, 0] LUAE JG 75 J6 A7 4 46 SRR T AR B T4 F 52 80— H 4&¢
G ARNEHRIE  faE MR etk s sk K 2 B8 5 1 SM.,

[Z %7 ) B HFMN™Y ; Chiari FYE ;B 86250 SN IE 5 W 15 4%

doi; 10.3969/j.issn.1004-406X.2021.01.07

hE 42 S R682.3,R687.3  XERARIEED:A X EH S 1004-406X(2021)-01-0047-09

The follow—up outcomes of more than 5 years after one-stage posterior correction of scoliosis with

Chiari | malformation and syringomyelia/XIA Gushang, XIE Jingming, WANG Yingsong, et al//Chi-

ESWE EFK A AR 4 (81360281 ,81960413) 5 25 j 44 FHE T - R W R R 22005 & T A 42 [201 7FE467 (-064) |
FE—EBR/ 5B (1993-) TR LR AE TR 90 J7 0] A TR 5 4 i i T

L1 : (0871)63402383  E-mail : 1171964433@qq.com

WIREH f#228 E-mail : xiejingming@vip.163.com



48

of A HA A 2R 2021 AR5 31 555 1 1 Chinese Journal of Spine and Spinal Cord, 2021, Vol. 31, No.1

nese Journal of Spine and Spinal Cord, 2021, 31(1): 47-55

[Abstract] Objectives: To analyze the more than 5 years’' follow—up outcomes of scoliosis with Chiari [
malformation(CM1) and syringomyelia(SM) treated by one-stage spinal correction. Methods: A retrospective
study was performed on 23 patients with CM1 and SM associated scoliosis treated from January 2007 to June
2015. The patients had complete clinical data and were followed up for more than 5 years after one-—stage
spinal correction. There were 19 males and 4 females with an average age of 16.0+5.9(range, 10-39) years
old. The one-stage spinal correction was performed on all the patients, including 10 patients with posterior
vertebral column resection (PVCR), 13 patients with simple spinal correction without shortening osteotomy. The
spinal radiographs were obtained from all patients preoperatively, postoperatively and at final follow—up. Sy-
ringomyelia size and change were measured based on the results of MRI. According to full-spine standing ra-
diographs, the spine sagittal and coronal correction rate were evaluated. According to the results of MRI, the
average cervical syrinx tension ratio(CSTR) was used as an indicator of syrinx size and change, and a =20%
decline was set as a boundary of syrinx improvement at the final follow—up. According to the degree of CSTR
decline, all the cases were divided into two groups: with or without cervical SM improvement. And the cases
were also divided into with or without PVCR based on whether the spinal shortening osteotomy was performed
intraoperatively. Then gender, age at surgery, apical level, main scoliosis, kyphosis, deformity angular ratio
(DAR), length of syrinx, average CSTR, preop traction, No. of fusion segments, coronal correction rate, sagittal
correction rate, syrinx improvement, and period of the follow—up were compared separately. Differences be-
tween two groups were assessed by independent ¢ test, and categorical variables were compared using Chi-
square test. Results: The average follow—up period of all patients was 6.2x1.1 years(range, 5-9 years). The
average scoliosis angle reduced from 77.1°+28.0° before surgery to 27.8°+18.4° after surgery and 29.5°+21.2°
at the final follow—up, with a correction rate of scoliosis of (65.7+13.0)%. The average kyphosis angle reduced
from 57.2°+31.9° to 29.3°£15.2° after surgery and 32.4°+16.5° at final follow—up, with a correction rate of
kyphosis of (48.4+£22.6)%. At final follow—up, the spinal correction and fusion were satisfied, and no patient
experienced deterioration of neurological function. In all patients, the improvement rate of CSTR was 47.8%.
There were 11 patients in the syrinx improvement group and 12 patients in the without syrinx improvement
group. Of patients with syrinx improvement, the mean age at surgery was bigger(18.6+7.5 years vs. 13.7+2.4
years, P=0.040), the frequency of undergoing PVCR was more (81.8% vs. 16.7%, P=0.012), and the number
of fusion segments was bigger(14.2+0.9 vs. 12.3+2.9, P=0.044) than those in the group without syrinx im-
provement. However, there was no significant difference in gender, apical level, main scoliosis, kyphosis,
DAR, length of syrinx, average CSTR, preop traction, coronal correction rate, sagittal correction rate, and the
follow—up period(P>0.05). The patients who underwent PVCR had severer scoliosis (98.8°+13.8° vs. 60.5°+
24.5°, P=0.000) and kyphosis(74.8°+37.5° vs 43.6°x£18.6°, P=0.032), as well as greater coronal DAR(15.6°+
4.2° per level vs. 10.2°+4.2° per level, P=0.006), sagittal DAR(12.0°£7.6° per level vs. 6.7°£3.9° per level,
P=0.040) and total DAR (26.8°£11.4° per level vs. 15.3°+6.5° per level, P=0.006) than those without PVCR.
There were more frequent uses of preoperative traction(70.0% vs. 23.1%, P=0.024), longer fusion segments
(14.2£1.2 levels vs. 12.4+2.7 levels, P=0.045), and higher syrinx improvement rate (80.0% vs. 23.1%, P=
0.007) in the patients with PVCR. However, there was no significant difference in gender, age at surgery, api-
cal level, length of syrinx, averaging CSTR, coronal correction rate, sagittal correction rate, and the follow—up
period (P>0.05). Conclusions: One-stage spinal correction can be another good choice in selected patients
without preoperative clinically detectable neurologic deficit of CM1 and SM associated scoliosis, which not on-
ly achieves safe spinal correction without neurological intervention, but also steadily improves and stabilizes
SM in most patients.

[Key words] Scoliosis; Chiari malformation; Syringomyelia; Surgical correction; Follow—up outcomes
[Author’s address] Department of Orthopaedics, the 2nd Affiliated Hospital of Kunming Medical University,
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Figure 1 Measurement of syrinx tension ratio(STR) by T2-weighted MR
imaging a On sagittal imaging, the measure level was decided (C6 lower
endplate), which should be vertical to the axis of syrinx b On transverse
imaging, maximal trans diameters of syrinx (a) and the cord (c), maximal
sagittal diameters of syrinx(b) and the cord(b) were measured respectively,

the ratio of (a+b)/(c+d) was defined as STR
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Table 1 The scoliosis angle and kyphosis angle before
surgery, after surgery and at final follow—up

ey Je
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RHC) 7712280 572319
reoperation
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ostoperation
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Correction rale at postoperation
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Final follow—up
AU BEVH IE % (%)
Correction rate at the final follow—up 65.713.0 48.4£22.6
BPIE 2 (%) 6.1:54  10.6£193

Lost rate of correction

D5 AT P<0.05
Note: (DCompared with preoperative data, P<0.05

Postoperative 8 —year follow—up shown,

3 itig
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2 14 % BB FEK Chiari [ 2 W T2 F1E 5 23 10 A AR 0™ 2858 (s 41
12) a ARG MRT T2 JiAL SR AL R B7s Chiari 1 29 B JE £F SUBUH 8 25
TATE b AR 6 32255 98°FEH HEJS ™M 96° ¢ PVCR AR J 2 Ji
FHEARK X R & HMNS AUS ™ 430 308 IE & 21981 38° d RJ5 8 4F
Bt U5 7% 5 AU R RS E AE 2301 41°

Figure 2 A 14-year—old boy of CM1+SM-associated scoliosis (Case 12#)
a T2 —weighted MR sagittal imaging shown CM1 with cervical syrinx
formation b Preoperative main scoliosis was 98° with a kyphosis of 96° ¢
PVCR was performed,

scoliosis and kyphosis were corrected to 21° and 38° respectively d

and postoperative 2-week radiography shown his

his scoliosis and kyphosis were

stabilized at 23° and 41°
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RSB A A AL f~h 2R S 8 AEBE I C2.C4.Co T MUKt I i s, Wi siaiigs/, 15
CSTR &% 0.31, 4 fifi 25 1 2% o 32.6%

Figure 3 Syrinx improvement after one—stage spinal correction of the same boy (T2-weighted MR imaging) (Case 12#)

a Preoperative sagittal imaging shown a syrinx in the cervical cord b—d Preoperative transverse imaging at C2, C4, C6

levels, and the average CSTR was 0.46 e At his postoperative 8—year follow—up, sagittal imaging shown shortening length

of the cervical syrinx f-h Postoperative transverse imaging at C2, C4,

C6 levels shown reduced sizes of syrinx and

reduced average CSTR to 0.31, and the improvement rate of syrinx was 32.6%
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Table 2 Comparison of data between patients with and

without syrinx improvement

®3 fTPVCR 53 PVCR AT EEFABMILE
Table 3 Comparison of data between patients with and
without PVCR

A 23 ek

(n=11) #H(n=12) e
With syrinx Without PP{‘Ell
improve- syrinx value
ment improvement
g 1,000
Gender :

% Male 9(81.8%) 10(83.3%)

4 Female 2(182%)  2(16.7%)
FARERS) 18.64£7.46 13.6762.43  0.040"
Age at surgery(years)

Apical level 0.827

T4~T10 6(54.5%)  6(50.0%)

TI1~L2 5(45.5%)  6(50.0%)

T 7y iE (O

LML) 88.5:242 721271  0.142

Main scoliosis

= 1 fr (o

FEf ) 61.6:258  53.1x373 0533
yphosis

W IE 11 BE e DAR (O35 B level)

AR DAR

Coronal DAR 13.8+4.6 11.5+5.2 0.287

KT DAR

Sagittal DAR 9.6+3.9 8.5+8.0 0.705

& DAR

Total DAR 22.2+8.6 18.6x12.1 0.425
2 R 1 1R (T )

Length of syrinx(levels) 13.7+:4.6 13.9+5.7 0.931
FUH s 2 1 5K 1 46 £

CSTR 0.4+0.3 0.5+0.2 0.296
NIEE

Preop traction 0.100

& Yes 7(63.6%)  3(25.0%)

1+ No 4(36.4%)  9(75.0%)
BRI R (PVCR) 00120
Spinal shortening osteotomy :

& Yes 9(81.8%)  2(16.7%)

7 No 2(18.2%) 10(83.3%)

A& B (T EL) 14209 123:29  0.0447

No. of fusion segments (levels) I e '
TER EHFHY 32 (%) 652490  669+172 0775
Coronal correction rate

SR % (%) 482+18.1 4862269 0971
agittal correction rate

FALTIIE (47 ) 61509  64x13 0496
Follow—up (years)

1 :DP<0.05

Note: (Dindicates P<0.05. DAR,

deformity angular ratio;

CSTR, cervical syrinx tension ratio

B, (L3 288 A8 R A G ™ 5 T8 P R B
WAL B RETK ) RO AR B —E
it 52 M 8 B2 — R HERIE R . ARESE 23 Bl
17— W HH L AR 1A & CM1AT SMF A ]
I, A T RS A S R IR R4

PVCRIAYY  HE PVCR
(n=10) WHIT(n=13)  PE
With Without P value
PVCR PVCR
PRSI (B2
Conden(ME) 82 172 0.772
TrERS) 18776 140:32 0056
ge at surgery(years)
D1 0855
Apical level ’
T4~T10 5(50.0%)  7(53.8%)
T11~12 5(50.0%)  6(46.2%)
1\%4‘??{1? ) 98.8+13.8  60.5:245  0.000
aimn scollosis
— I o
" j‘fﬁ.( ) 7484375 43.6:186  0.032
yphosis
DAR (/77 B¢ level)
é@“m‘l 15642 10242 0.006
orona.
?Wﬁi 120£7.6 67439  0.040
Sagittal
o
Bt 268:11.4 15365  0.006
Total
6 S T 0K B (B
Longtl of syrimm(lovels) 13.9+57  13.8+48 0953
CSTR 038+0.25 0.42:023  0.648
A4 5]
Preop traction 0.024
B Yes 7(70.0%)  3(23.1%)
% No 3(30.0%)  10(76.9%)
e b 1
ﬁ}* 4 fo‘?mwglﬁ 14212 124227  0.045
0. O] usion segments
?“ﬂﬂ*ﬂﬂﬁ{%) 65.7+11.4  65.7+146  0.994
oronal correction rate
A T 5 T %
JARRT I (%) 51.0£169  46.4:266  0.641
Sagittal correction rate
25§ ol 8
Syrinx improvement 0.007
£ Yes 8(80.0%)  3(23.1%)
# No 2(20.0%)  10(76.9%)
B3 T (4F) 6311 62:12 0906

Follow—up (years)
1 PVCR, 28 )5 e A MERC B R

Note: PVCR, posterior vertebral column resection

65.7%VA J 48.4% ,1E-F- ¥ 6.2 FERYBE VT h, o —
BB RAER G ARG, XA T R T
K — W8 H8 L AR GIT A & CM1 F1 SM O #E
™ B BRI AT AR, 3 P 1 8 AR
SR, R — B B AR AT AR CML F
SM - FEMN N A AT G G e] 76 AR rf O
BEZ4 A i O F S R A B A I i, i HL
W T BT H AT A HIE RIGIT R X SM 1 i
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FEFZR , MRT 2 W00 SM A8 4k % A T BE B il T
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SM (T8 A8 AR Ak 2 TET I 19 55— ATl B, SM ) £k
T BEALFE AP 1T 17 RUR I 1T 1 R
R S Sk i 5] 2 vy e 25 AR AR R 11 9 B
Okt sk . Tokunaga SFPVE YIS (1) 25 1 /48 L
(SIC) A it 23 I K/ # R AE b, How SCRTE
SM e KA 5K 7K - 11 b 2330 (14 /7 J5 42 5 6] K 7 T
A RE TG AR LA L S/C B KA B THik SM Y
L2 (HAS L LA B SMF) BLSEAR R, #E K 28K
TEOLT ,SM I RN RARAR b & A8 4k i
HAERE R b s 4 R 7E AR 58 bR
STR RE 5 4217 b 5 e SM R K/ NAESE  eAh I
C2.C4 1 C6 =A~17 BT 44 CSTR & 7 [ 42 3%
/N SM K AR AL

TEARM S, it 5 AL LRI, 11 Bl P&
CM1 F1 SM H A5 ™ &8 1Y °F- ¥ CSTR W 2> =
20% ., %t SM B35 FI TG BCE 1 J8 3 AT LS, K
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P B R ALAL A3 2 A ik g, 30 ol Br i
K SM B R IEEEAER . it — D i AT
PVCR RIGYT B BAE PVCR Ry iy B R
HIA T B A Y R 2 R ETAE G R
Fl A E B T T AR ET SM R/
E5ERKBEVIN, 1T PVCR AT BB 80.0%
CSTR /> =20% ; 5 Z At , 9E PVCR RIGI7 1)
B AL 23.1%4K 453 SM 23 . F B PVCR [A%
5K 7 AT REJE R e A & CML FSMLF AR Y
BH SM HUG 1 — D EEEEHE K, LAk, X SM
W FITC R T R R, R E A
WA AlE 1 B R R TS 1T PVCR A
7 1Y B FH AR PVCR A YT RS AR il & [ 5 59
B i oSM O ME R E R O R AR

PVCR /97 0 EL BB, BORBF 5T Hh SML 3%
Tk B HE A A BN E R R AT
PVCR 1% A%,

EN S 1Y o e e DN S o 1 G
WAL LLSE B2 2 [ 4307, AT i — 2 45
SN SM HiUE 1 R B, A e 206 R
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