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The influence of thoracic inlet angle on the cervical sagittal alignment in ankylosing spondylitis pa-
tients with thoracolumbar kyphosis following lumbar pedicle subtraction osteotomy/CHEN Xu, QIAN
Bangping, WANG Bin, et al//Chinese Journal of Spine and Spinal Cord, 2021, 31(12): 1090-1097

[Abstract] Objectives: To investigate the radiographic characteristics of cervical sagittal alignment in anky-
losing spondylitis (AS) patients with thoracolumbar kyphosis at different thoracic inlet angles(TIA). Methods:
32 patients who underwent pedicle subtraction osteotomy (PSO) in our hospital from January 2012 to Decem-

ber 2020 with complete data were included. Clinical data including gender, age, osteotomized level, fusion
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levels were collected. Preoperative, postoperative, the last follow—up radiological parameters consisting of cervi
cal sagittal vertical axis(cSVA), McGregor slope(McGs), upper cervical lordosis(UCL), lower cervical lordosis
(LCL), cervical lordosis(CL), C2 slope, C7 slope, T1 slope(T1S), neck tilt(NT), thoracic inlet angle(TIA), global
kyphosis(GK), thoracic kyphosis(TK), lumbar lordosis(LL), pelvic incidence(PI), pelvic tilt(PT), sacral slope(SS),
and local kyphosis (LK) were measured. Patients were divided into two groups on the basis of TIA value
(Group A: TIA<70°; Group B: TIA=70°). Independent sample t-test or chi—square test was used to compare
the difference of clinical data and preoperative parameters between the two groups, and paired sample t—test
was used for the comparison of preoperative and postoperative parameters in group A and group B respective-
ly. Pearson correlation analysis was performed to evaluate the correlations between TIA and clinical data and
preoperative parameters. Results: There were 15 patients (13 males and 2 females) in group A and 17 pa-
tients (13 males and 4 females) in group B. The mean age in group A was 28.5+5.7 years, and that in group
B was 37.7+14.4 years. There was significant difference in the age between the two groups(P<0.05). The pre-
operative ¢SVA, UCL, CL, TK and GK in group B were 48.0£18.1mm, —-22.8°+7.4°, -56.3°+10.9°, 50.1°£9.9°
and 69.8°+11.9° respectively, which were greater than those in group A(P<0.05). While no significant differ-
ence was observed in preoperative McGs and LCL between the two groups (P>0.05). The postoperative LCL,
CL, TK in group B were -20.9°£11.9°, -35.0°+9.4° and 46.2°+12.0° respectively, which were greater than in
group A. While there was no significant difference being observed in postoperative ¢SVA, MeGS, UCL and
NT between the two groups(P>0.05). The loss of correction at the last follow—up showed no significant differ-
ence between the two groups(P>0.05). Preoperative TIA was positively correlated with age(r=0.549, P=0.001),
¢SVA(r=0.367, P=0.039), TK(r=0.392, P=0.027) and GK(r=0.366, P=0.039). However, TIA was negatively cor-
related with preoperative UCL(r=-0.591, P<0.001) and CL(r=-0.357, P=0.045). Moreover, no correlation be-
tween the change of cervical lordosis and ALK was found in both groups (P>0.05). Conclusions: Compared
with AS patients with small TIA, AS patients with greater TIA had larger preoperative UCL, whereas there
was no difference in LCL. After lumbar PSO, both UCL and LCL decreased.
greater TIA had larger LCL and there was no significant difference concerning UCL.

However, AS patients with
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Figure 1 Measurement of radiographic parameters a

Scheme of measurement of cervical sagittal parameters:
McGregor slope(McGs), upper cervical lordosis(UCL), lower
cervical lordosis(LCL), C2 slope(C2S), C7 slope(C7S), T1
slope (T1S), cervical sagittal vertical axis(cSVA), thoracic
inlet angle(TIA), neck tilt(NT) b Scheme of measurement
of spinopelvic parameters: thoracic kyphosis (TK), global
kyphosis(GK), pelvic incidence(PI), pelvic tilt(PT), sacral
slope(SS)
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Table 1 The general condition of the two groups of

patients
Al (n=15) B4 (n=17)
Group A Group B
WY (%) Age 28.5+5.7 37.7+14.47
5] Gender
% Male 13 13
% Female 2 4
15 B Osteotomy  level
T12 0 2
L1 3 3
L2 11 12
L3 1 0
il 15 Bt Fusion levels 8.120.4 9.4+1.67
B e (years) 26412 22410
BEMEC) 40.6+8.0 37.6£11.0

Osteotomy angle
D4 A 41 1LEE P<0.05
Note: (DCompared with group A, P<0.05

Bt 7 S ) P2 M SR T 25 7 (P>0.05) .

A B W ZH AR ORHT RS D2 R BE DT Y
WGBS HLE 2, A4 ARJERIZ] SVA LCL,
CL.C7S.T1S.GK .PT LK & & ¥ /N (P<0.05),
LL NT 0] & 2 PE3 K (P<0.05); T McGs UCL,
C2S TIA \TK .PT AHXS AR A FC W] B 222 (P>0.05) ;
KK EE DT, C7S T1S . TK .GK . PT # A Jm Bl 24
FF 88 K NT /N (P<0.05), B 20 AR J5 B %)
¢SVA .UCL.LCL.CL.C2S.C7S.T1S .GK .PT LK
WEMEW/N (P<0.05),LL NT W) & & Mk (P<
0.05) ;1 McGs TIA [ TK PI AHXF A A JC B & o 28
(P>0.05), AKWFEIT, T1S .GK .PT A4 T R )5
RPZIA e 4 K (P<0.05) . S ASf5 461 UL 1] 2 3

5 A HEBE LB A E AR ¢SVA UCL,
CL.C7S.T1S.TK .GK K (P<0.05), AKHij McGs
5 LCL & A giit st 22 5 (P>0.05) ; R G V%), B
41 2 # LCL.CL.C7S.TIS.TIA.TK & Kk (P<
0.05), 1 ¢SVA McGs UCL NT 7 % 24 [&] JC & %
PEZEF (P>0.05) o ILAI R UK B 17 Bof b A 5245 2%
SR HIEEREWAR B IESE I 22% (P>
0.05) ;B 41 & 35 B i 0 () A7 76 53 K9 LCL, fHJ&
P (R Geit 24 25 55 (P=0.079) .

Pearson A & PE 7 #4588 on |, RATEH TIA
AW AEE W E PEIEA G, 5 ¢SVA (CTS.\TIS,
TK .GK f#7EIEAH 5%, 5 UCL.CL & & ¥ 5 M
KRG HRE TIA 544 cSVA [C7S.T1S f77F .
FEIEM G, W5 LCL Ml CL A7 78 i 3 Pk ik ¢
(£ 3), #HEA KA (ALK) 5 SHERT N AR
e Z IR A ARG (P>0.05, % 4) .

3 itig

AS B I AR S ™ IR AR AR O AR R T AR
i, 2377 e — RG] A 45 85 56 39 i 4 B |
RTINS A A T NS
1) 728 A0 7E 2 R 7K 7 L2 RN Sk 35— 9 1 B o 4 5 T
EER SN (=Y I ) NS RISk < 8 S DTN TN
5 28 A B SR T PG OG5 A 19 S R
T~ 7 5 AR SRR 1021 i e A T A R A Y B
TP Bl i KR SUHE [1] T35 B0 5 i /) 1) o ME Ao 38 1Y)
DI, P AU B — W T AREAARI 7Y b 25 7
PG, BRAE b — R I 2 3 Rk P i e
A 35 7 Sk 000 110 JUL PR 0 4 R SR BUHEN™, A U
B MY (adult spinal deformity, ASD) 35 1, 1
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BRI WA B AR =46 bs, WA EZFNSHE
TIA ¥E47 Pearson AP HT, AL TIA 5445 |
TIS.TK Z [ £ 7E W3 PEAHOC . T Lee 45191y
TIA J&— 2L PR S E S, IR &2 5%
P AR B TK (3G W T ek AE . 3k mT BB T4
ANBEARTR I 45 58 . FRATHED , AS & TIA
FERUAE DUJR B R X R, AR R B RE T

®2 AREISRE

BT TK P E T TIA B9 K/, TIA K /NEL
25 O W NI % & R O = gl e J TR D RO A
BLOEIEFEN T A E A E S T e LA
J7 . BEE AS BE K B TR AR S BUEIR
ol M [R] 45 0 R T A8 R R 8 B 1 25 2R 07 515 T
HER 1 2 Hh i A b 2 AF 30 07 1) b A B
/N TS 3 TIA 39K . Berthonnaud 2545 iz 18
T CL 5 TK Z [l 2 IEAHCPE (HAHC REE S T
JEEHE RN 2 280, T RE 0 T PR R 5 A ke M A A
Ll B HE R 15 Zh HEREAR , TEARDFFE h AR TK 5
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Table 2 Comparison of radiographic parameters pre— and postoperative parameters

AZL(n=15) B4l (n=17)
AT T Group A Group B
Parameters Rt PNITET KUK At PNITET KWK
Preoperation Postoperation Final follow—up Preoperation Postoperation Final follow—up
THERRABE (mm) 33.6£172 203+14.67 25.9:21.2 480+18.1%  29.1+11.6" 3224194
ervical sagittal vertical axis
2 [ AR (%) —8.9+11.6 -5.529.0 ~43+13.8 —8.4+11.2 ~6.9+6.0 ~7.9+10.1
McGregor slope
LSRG ) ~14.6+4.9 _13.5+3.8 _15.445.5 008474%  _14.0£6.77 ~15.9+8.4
Upper cervical lordosis
E}E*E“'Jﬂ?fﬁ(f ) o 228.9+12.8 111897 —14.4x12.9 2334+117  -209:11.972  -22.9+13.0
wer cervical ordosi1s
AR SUHE G 1M 8 () _437+129  —244+1027  -29.8+15.0 2563+109%  -35.0:9.472  _388+12.1
Cervical lordosis
< *%M‘“M”g ©) 5.8+12.2 7.6£9.0 11.1214.1 14.4+14.5 6.4+9.17 9.5£12.9
slope
oy bR ) 345473 18.86720% 256479 473877 284+70" 3054838
oI AR ) 63.75.3 63.8+5.1 64252 76.7+6.92 77.047.72 7754762
oracic inlet angle
PR () 25.6+7.7 44.5:9.319 40.3+7.7 29.7+8.9 48.16.77 46.4£9.5
eck tilt
1 MR 38.145.8 199:6672 242465 4714797 289:59779 314475
BREARC) 32.6:10.8 33561139 40.9+10.2 50.1£9.92  46.2+12.02 4724121
oracic kyphosis
F*ﬁfﬁﬂﬁ“? ~43:12.8 4331447 413132 -8.8+15.3 236.6:2420  -382:16.8
umbpar 1lordosis
SHARMROA(C) 52.3+10.3 13.99.179 18.6+10.3 69.8+11.9%7 222193729 2524105
obal kyphosis
A ) 44.8+8.6 44.128.5 44.1:8.6 49.6:14.9 51.2£13.0 51.5:13.1
Pelvic incidence
4 A o ey
I ) 33.6+7.7 16.6+8.519 20.8+8.9 37.6+12.8 229:1221%  257+12.6
il ol o Py .
BRIEAC) 11.247.5 27.5+7.00% 233162 12.0+10.6 28.247.77 25.8+8.9
DACT: S. Ope
e AR () 13.6+8.0 -26.9+9.27 ~27.4+8.9 12.8+11.7 —24.8+8.67 -25.0+8.7

Local kyphosis

D AR P<0.05;2%5 A 4RI ] A8 L P<0.05 ;)5 AR R BE VI Lk P<0.05
Note: (DCompared with preoperation, P<0.05; 2Comparison of preoperation, postoperation, final follow—up between groups, P<0.05;

(3 Compared with final follow-up, P<0.05



o A A A2 A 2021 4R 31 &5 12 W)

Chinese Journal of Spine and Spinal Cord, 2021, Vol.31, No.12 1095
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MEFT ™M A 35 K DL LCL 228 2 3 Xo) iy JEEAfE = o™ ey
JEIEA T E 1Y B F kUL, H UCL Al R A AR,
Wt LCL MAC et ks, WEmT DAAE R e K1,
WA UCL PRAFAEIEF JO 171 S50 A S 58
TS ERCAERE J7, L UCL 9 4435 % 3k /i i) 3
Bl B K B A H 2 ), Hardacker 452
MIBTSE R, R LCL 78 CL Ay 4 tb 5  fH

LCL [t UCL 5 CL My AH G HE 358 ; Lee S5O IE &
ABERBF 5T s AR Rl B 4518 ARBF5E B 4 i
FHARHFM TK .GK 1 PT B K (P<0.05) , I JE 5
JUEE, UL B 4B R CL PLZERE KT
ML ,McGs S CBVA #5248 # 8 AR F5 F50, v] I,
A B PZH[E] McGs(P>0.05) NFES ¢ 2 5,
I 2 R KT R AR Y L SR, B AL R BLAT
B UCL Al ¢SVA  (P<0.05) ,LCL 7 W 41 ] 3%
A EMEZES (P=0.312), H TIATIS 5 UCL £

B2 BHY,22% AS MMHES MR RHT L LCL ACERZE R /K- L2 R 5 BME S R 7 510 L LCL W8/ 3 a ARHY
eSVA # 21.3mm,UCL K -11.5°,LCL 4 -17.3° ,McGs 4 -7.5°,TIA & 59.8°,T1S 24 29° ,NT 4 30.8°,TK # 26.1°,GK
45.7° b 17 L1 PSO.T9-14 [# & R 5 ¢SVA K -7.2mm,UCL & -11°,LCL H-6.1° ,McGs -11.6° ,TIA 4 62.8°,T1S
14.6°,NT 2y 48.2°, TK 2 26.4°,GK 7 8.3° ¢ ARJ5 1 4F ¢SVA 4L -10.1mm,UCL #-9.3°,LCL }-7.3°,McGs }-9.3°,
TIA 4 61°,T1S 7 13°,NT 2 48°, TK 4 28.5°,GK 4 9.6° B3 & % ,28 %, AS Ml /5 M JE , R HT L UCL HI LCL
fm 2 5P ML AR, AR5 B &R 18 )F 51 LI UCL 1 LCL ¥/ a ARHTI ¢SVA 24 46mm, UCL 7-28.9°,LCL &
-38.1°,McGs H-10.8°,TIA 2 73.6°,T1S i 48.8°,NT & 24.8°,TK 24 38°,GK & 55° b 47 1.2 PSO.T10-L5 I & & R J5
c¢SVA 4 34.8mm,UCL A -17°,LCL 4 -23.5° ,McGs #-2.7°,TIA & 76.5°,T1S & 35.7° ,NT & 40.8°,TK 4 36.6°,GK
16.7° ¢ RJ5 1 4F ¢SVA £ ft A 34.4mm,UCL 5 -16.6°,LCL 4 -38.1° ,McGs 4 -7.3°,TIA 2y 76.8°,T1S K 44.2° NT A
32.6°,TK 2 41°,GK H 19°

Figure 2 A 22-year—old male patient with AS thoracolumbar kyphosis kept the horizonal sight by increased LCL
preoperatively. Internal fixation
segment was from T9 to 4 a Preoperative ¢SVA, UCL, LCL, McGs, TIA, T1S, NT, TK and GK was 21.3mm, -11.5°,
-17.3°, -7.5°, 59.8°, 29°, 30.8°, 26.1° and 45.7° respectively b Postoperative ¢SVA, UCL, LCL, McGs, TIA, TIS, NT,
TK and GK was -7.2mm, -11°, —6.1°, —11.6°, 62.8°, 14.6°, 48.2°, 26.4° and 8.3° respectively ¢ 1 year after L1 PSO,
¢SVA, UCL, LCL, McGs, TIA, T1S, NT, TK, GK was —10.lmm, -9.3°, -7.3°, -9.3°, 61°, 13°, 48°, 28.5° and 9.6°
respectively Figure 3 A 28 -year—old female patient with AS thoracolumbar kyphosis kept the horizonal sight by

After L1 PSO, LCL decreased spontaneously while UCL almost remained unchanged.

increased LCL and UCL preoperatively. After L2 PSO, both of UCL and LCL decreased spontaneously. Internal fixation
segment was from T10 to L5 a Preoperative ¢SVA, UCL, LCL, McGs, TIA, T1S, NT, TK and GK was 46mm, -28.9°,
-38.1°, -10.8°, 73.6°, 48.8°, 24.8°, 38° and 55° respectively b Postoperative ¢SVA, UCL, LCL, McGs, TIA, T1S, NT,
TK and GK was 34.8mm, —-17°, -23.5°, -2.7°, 76.5°, 35.7°, 40.8°, 36.6° and 16.7° respectively ¢ 1 year after L1 PSO,
c¢SVA, UCL, LCL, McGs, TIA, TIS, NT, TK, GK was 34.4mm, —16.6°, -38.1°, —7.3°, 76.8°, 44.2°, 32.6°, 41° and 19°

respectively
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®3 ARuTlEAH S HMSHZ B Pearson 18
KSR
Table 3 Pearson correlation test between preoperative

TIA and other parameters

x4 HEASHHIOAZTHEZEH Pearson 18X
L

Table 4 Pearson correlation test between variation

of cervical lordosis and osteotomy angle

AHIT ENE
Pre operation Post operation

LIPS PIH LIPS PlE

Coefficient P value Coefficient P value
A (Age) 0.549 0.001 0.564 0.001
50 M IR T
TE (cSVA) 0.367 0.039 0.37 0.037
)
i £ (UCL) -0.591 <0.001 -0.128 0.486
3 AE AT
i (LCL) -0.024 0.894 -0.475 0.006
i HE /TN
£ (CL) -0.357 0.045 -0.583 0.001
CTWAE 439 0.012 0588 <0.001
C7 slope
TR .50 0.002 0.568 0.001

slope

Jig HE S5 ™
£ (TK) 0.392 0.027 0.335 0.061
AR JE N
£ (CK) 0.366 0.039 0.312 0.083

Note: ¢SVA, cervical sagittal vertical axis; UCL, upper cervical
lordosis; LCL, lower cervical lordosis; CL, cervical lordosis; TK,

thoracic kyphosis; GK, global kyphosis

B AN S LCL ANEAEAH CHE PR TIA /)
) AS HEGE T LCL BI nJ 4k 5 K S L i TIA
KA AR SR LCL J& AR 2 DL 4k 35 7K 7 1 4k
1, AR % UCL 2 5, 24 UCLAUEEZ: 5K
ML 4eFEn  UCL 2 K FS%ME (17°4£4),H
1E 3k 042 s &z 258 ) 5 e R 7 50
P 3B 8 U S £ JIL PR WA 2 DR — 25 B i
DUREE A, Kt S 80 L SiHER B A2 A
WO IR A7 SR 7 3B AR 0 S B R e AR,
S IE N Z R, Lee ZFR2ER ST AS HF R
T 0T 55 A O bR T A 22 TR YOG &R R B
cSVA J& H AR TE i i) — A E B K, IR
HH A A SR THTHE 3 A R 2 1 AR AR ) i
P, AR TIA KA 83 3 ok 0 — 2 348 K S i ™y
e R  H X B E 1Y ¢SVA #1>40mm,
A fE -5 SO U i E 22

ARHFSE B TE PSO AT, A kg REARE S oy
W AS 5 T AR K Bl 38, SAE bR 1 5 8 A K A i
I VE B R AE  eSVA ¥R 5 2 40mm LA, UCL &
HE 14K A7 AP AL A 34 00 8 35 1k 22 5% PR e T
B A7 7 110 35050 95 g A1 Sk i 16 28 52 B8 35 15 21 4 35 2l

ALCL ACL OA
AUCL -0.538% -0.145 -0.067
ALCL 0.9107 0.103
ACL 0.074

T : AUCL, b 35U i ™ s A2 b it ALCL, N S0HE T Ay A8 FE o
ACL, Ui M A2 AL bk OA L #71 £ :(DP<0.05

Note: AUCL, variation of UCL; ALCL, variation of LCL; ACL,
variation of CL; OA, osteotomy angle; (DP<0.05

M [AIE NT S8 3 440447, S5HEFRET
NT FH 3T, 78 1 e S50 1) UL PR 9085 e 7R L 1 972 767 e
N HEARE B A H ) LCL .CLAARF A 4
B (P<0.05), HAJG TIA TIS 5 LCL £ & % it
RIS UCL AAEZEAH M nT BB 2 R 5 ek 2
UCL FI] 15 % 3 Bl P LA i 4 357350 10 2 Jee Wk &2 3k
PR S 32 HLL S RS FEREAE PSO R
UK HE LCL BY Al 457K -4, 78— 350 ASD 1
WEoE, MOAEAR S5 S0 T Y AR Ak i S R A
(OA B ALK) W& A CHRM, FEATRGE Y, 4 i
P 8 I oK & B A 1 KN SR R O A 1 AR
b X%,

AR FEAFAE VAT LS Ry BRAE + (1) 77 A A7 1 55
T 4 DR 28 0 0UHE S IR 1T ) 7 (R S T 5 (2) R %5 BT
e S BRIk, AT 8 23 X6 S0 11 2 R 1 e 371
FEAEREA 5 (3) AT 25 S SUHE 1% 20 B A P 4L 1) 1) 5%
Wi 5 (4) A A BT B3 A G i b AT Ak

4 Hig

AW R, 5 TIA B/ 835 A0 1, TIA R
) AS A& RETAAAE KW UCL, 10 LCL & 2
AT EHER B BT ARG ,UCL 5 LCL ¥/ 2
TIA K AS &AL R LCL, 1 UCL W&
25,
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