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[Abstract] Objectives: To explore the clinical and radiographic characteristics of atlantoaxial subluxation
(AAS) in ankylosing spondylitis(AS) patients and to assess the clinical efficacy of surgical intervention. Meth-
ods: The medical records of eight AS patients with AAS who underwent occipitocervical fusion or upper cer-
vical fusion in our hospital between November 2001 and February 2019 were retrospectively reviewed. All
patients were male, aged 15-59 years, with an average of 39.9+£16.2 years. Three patients presented with pre-
operative incomplete paraplegia (two presented with Frankel D and one with Frankel C). Preoperative lateral
X-rays of the cervical spine showed that all patients presented with AAS, with an average of 10.4%7.0mm

(range 2-17mm) in anterior atlantodental interval(AADI), among whom five were with anterior AAS, with an
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average AADI of 15.2+2.7mm (11-17mm),
odontoid fracture. CO-C2 angle, C1-C2 angle, C2-C7 angle, C2-C7 sagittal vertical axis(SVA), and AADI

were measured on lateral X-rays of the cervical spine before surgery, immediately after surgery, and at the fi-

and the other three patients presented with posterior AAS and

nal follow—up. The neurological function was assessed by Frankel grading before operation and before dis-

charge,  respectively.  Paired samples ¢ test was used to compare the preoperative and postoperative
radiographic parameters. The surgical complications were recorded. Results: Seven of the eight patients were
followed up for 37.9+38.5 months (range, 3-96 months). CO—C2 angle was improved from preoperative 18.9°+
CI1-C2 angle
and it was 24.6°+8.1°

C2-C7 angle was improved from preoperative —6.4°+25.2° to 6.6°+19.7° immediately

16.7° to 22.6°+15.4° immediately after surgery, and it was 20.4°£11.4° at the final follow—up.
was corrected from preoperative 19.6°+18.7° to 28.5°+10.1° immediately after surgery,
at the final follow—up;
after surgery, and it was 9.0°+18.8° at the final follow—up. C2-C7 SVA was corrected from preoperative
46.0+36.5mm to 39.4+26.4mm immediately after surgery, and it was 39.6+18.9mm at final follow—up. A signif-
icant improvement of AADI from preoperative 10.4+7.0mm to 6.4x4.lmm immediately after surgery was ob-
served(P<0.05), and the AADI was 6.9+4.6mm at final follow—up. There was no significant difference between
C1-C2 angle, C2-C7 angle,

and C2-C7 SVA(P>0.05). The neurological functions of the three patients with preoperative incomplete para-

preoperative and postoperative radiographic parameters including CO-C2 angle,
plegia were restored to varying degrees after surgery. Two of them improved from Frankel grade D to grade
E. The other one was improved from Frankel grade C to grade D. There were no neurological complications,
superficial or deep infection, or implant related complications including screw breakage, rod fracture, and
screw loosening. Conclusions: AAS in AS patients predominantly manifests as anterior AAS. Favorable clini-
cal outcomes can be obtained by surgical treatment in AS patients with AAS. Resection of the C1 posterior
arch and posterior decompression should be performed in patients with neurological compromise. Posterior cer-
vical/cervicothoracic osteotomy is indicated for patients with obvious cervical/cervicothoracic kyphosis.
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[Author’s address] Spine Surgery,

Affiliated Drum Tower Hospital, Medical School of Nanjing University,

Nanjing, 210008, China

i A & (ankylosing spondylitis, AS) J&
— i 32 R R TPl R A R 1) A R,
AST R K , S BOMERBIIR B HOE A, 1 4k
FEC IS SR BT S MK i B, AT B REAX
MERRA  (atlantoaxial subluxation, AAS)¥, IlER I
ASE I AAS W N [1 & HE, K AAS TETEAN I ER
BMINITEIRT A4, AS &1 AAS R 4R N
29%0~21%, HH LLRTEALER A UL, 75 AS
S AT AR ST R B SRR Y 5
PE &R =0, ALK ZHL AS B TE AAS
B ST TCIm ARERR , (AR AL i e i i A v m]
AE A RE | N5 52 1 55 ™ 50T AOIE R, A2 T A
BRI ZE T FEORMENE R R AT AFERL 2001
AELICRR T ARIAITHY AS A1 AAS B, it
AS B IF AAS HYRABLEE, 30T AS B F AAS 1Y
I PR B3 15 24 45 1 DL B AS AT AAS BUIRYT IR
W, PG T AT RIRCR o

1 #Rl5AZE
1.1 A SHEBRbRUE

PN (1)AS BIF AAS B3, BEAXHERT]
B2 Wb S A AT RIBE (anterior atlantoden-
tal interval,AADI), RVEEHMERT S 525 IR 2w
GXIR B = Amml J5 B A2 SN FEMERT 5 A6 AX
HEHEIR G 5 ()2 BT ARIRIT .

HEBRARIE AT ARG T EEARA T B AL G
IRARAT L SHERL A
12—kt

1B A4 2001 4F 11 H ~2019 4F 2 A T3%
BEstiZ Y AS A1 AAS BE R ITERE, RGN
ABHEBRARIE, A 8 BN AAIEFY, 310 Tk 48
W 15~59 % | F1439.9+16.2 %, AS 2 W%
1984 AEL BT TIZWIbRIET . ASBFST LS R3S 1
HER &

4 BlERE A IME s 8 B B A R R AR EE 1
B LG B2 B, 3 Bl EEAR 2 (2 4



296 B A REA AR 2021 458 31 42565 4] Chinese Journal of Spine and Spinal Cord, 2021, Vol. 31, No.4

Frankel D 2%, 1 5l Frankel C 2%) & DU LS9
iR, A1 U R R R el B DU R RRAR | 1
il 2E R R IR S elaR B 22 L IBRRAS, 55 1 44l
PEPURRRA

AR 38 L S E MG X 22 R PPl AAS
V£ R STME/ 2T B T I O, R A I A f
iy, U — 2 FE A B AR IE AT X £R F LAPEA
HEEME S T AR 0, 3B AT F0ME CT R PPAl BEAX T X
BR BT HHE MR SR PPARAE PR A [ BB 327
JEFERE
1.3 REERFAR T

FARBEI A BRI =X, 0T S0k ol 3 i B
S O BRI 1 i A e A A B e A2 R Y R
KA 4 3 A B0 | T A A

AHgEH 3 Bl E ARSI 142 5]
b 1 AT SR Rl PN 1 E R, 2 A
SR ok S B JE T R AT I S /) B R
HRIE SRR G NEEAR, T3 5 BlEE 3
B FARBIEAN ST B C1 S VBRI,
TR RLA N E A 1 BT S SRR A P e
A1 TR BS C1-C3 Flrs M EE A,
1.4 SRS

PEARTT AT AR BEDTUEMIA; X 2 A L
TSR &, S FE0S19, (1)C0-C2
1 ,McGregor £& (RE 25 I 2% 510 095 17 I A0 2 o
RAGEZ) 5 C2 FLMMI M, (2)C1-C2 i,
Cl HiJG 5 F4EL S €2 FAMmIef; (3)C2-
C7 ff,C2 T44MY5 C7T F&MmyJesa; (4)C2-C7
SVA, £ C2 MEfR L AR S C7 J5 4% 2
] O BE S 5 (5)AADI,C1 |5 J5 5 %R 8 AT &
FEES, %FT C0-C2 ff1 .C1-C2 ffi % C2-C7 f, #1
FEFNCAIE, JEM (1),
1.5 Sile#ab s

K] SPSS 18.0(SPSS Al , 36 [F) Ge it
HATGEIT 30T, B R (s ) 2R, KRBT ARG
AR ESEUE LSS R 8 ) i E B4
R, RIRBEVISAARESEUE R 7 0185 g4
. Shapiro-Wilk IEAYERES W R ARRT ARG
G2 SR AT A RS, WOy FH e X
A ¢ K EBORTHT ARG AR S, P<0.05 A H
LR BAAFRITHEE L,

2 #R
2.1 ARHGEARFRN

FHEMINL X 28 F R |, 8 i R ¥ i A A
HERAT , AADI “F-44 4 10.4+7.0mm (2~17mm) ; H:
o 5 GRS, AADL 28 15.242.7mm (11~
17mm), 73 3 B8 )G W0 & FF R w4, 5 635
MEMER AT AT B BB, 5 1 ER 3 11 AT S0k
H B E M, Hor 2 5] R M S Y B
&, CT KA &I 8 il 5 SRR T ¥ 2 22 1E 4 %
ik Z , HIA ARIRIFERE O SidE T B B ik, 2
BPEAT FERRMEE R A, S04 MRI A6 2 8 7R S0 i
fE C1-C2 /K52 1R, 3 Bl AE T2WIR 2 = 15 5 L
As [RIE, 8 BRIAEAE 221 Bk [B) #5055 028, 7
TIWI Fl T2WI A E 5, Hidr 4 (1] 8 %
TE T2WIG AT LRGN | )l sl i)y

ST A ]
el S
Sy ’l o 2 ',_ £ 3
¥ »
. - o 4 a
’ .
T O
1

i ‘io
3 .
AN X

B 1 2EAEMEITEE, agk:McGregor 28, 5 F 45
Kl 6 K2 Jot A0 AR AR HE 25 b 46 . CL TG 5 T4 %L ;¢
.02 TAMEL ;d 4.CT TAMZ e WA C2 Hifk s
MR EELL S C7 J5 B Z B £ C1 iS5 R4 54
ARGEHT LR B

Figure 1 Radiographic parameters. Line a, McGregor
line, the line connecting the posterior superior margin of
hard palate and the lowest point of the outer margin of
occipital squama cortex; Line b, the line connecting the
inferior edge of the anterior and posterior arch of Cl;
Line ¢, the inferior endplate of C2; Line d, the inferior
endplate of C7; e, the distance between the plumb line
from the center of C2 and the posterior superior corner
of C7; {, the distance between the posterior margin of the
anterior arch of Cl and the anterior margin of the odon-

toid process
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Table 1 Radiographic data of the AS patients with

AAS

ARAET (n=8) ARG (n=8) KKK (n=7)

Preoperation  Postoperation ~ Final follow—up
CO-C2 fa(°) O
C0-C2 angle 18.9+16.8 22.6£15.41 20.4+11.4
C1-C2 ff (°) ®
C1-C2 angle 19.6+18.7 28.5+10.1¢ 24.6+8.1
C2-C7 1A (°) ®
€2-C7 angle —6.4+25.2 6.6+19.7" 9.0+18.8
C2-C7 MR T ffi
# (mm) 46.0+£36.5 39.4+26.4" 39.6+18.9
C2-C7 SVA
%tglﬁﬁrul Bmm) 104170 642412 6.9+4.6

T O5ARATH P>0.05; @5 AR, P<0.05
Note: (DCompared with preoperation, P>0.05; @ Compared with
preoperation, P<0.05
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Figure 2 Male, 25 years old, AS with AAS a Preoperative photograph showed that the patient presented with cervical
kyphosis and thoracolumbar kyphosis. The ability of looking straight forward was severely impaired b Preoperative whole
spine lateral radiograph showed severe sagittal imbalance ¢ Preoperative lateral cervical radiograph showed significantly
increased AADI  (17mm). C2-C7 angle was —25° and C1-C2 angle was —13° d Preoperative CT image of the cervical
spine showed AAS e Preoperative T2 weighted MRI image of the cervical spine showed spinal canal stenosis and severe
compression of spinal cord at the levels of C1-C2. The increased signal intensity of the spinal cord was observed f The
AADI was decreased to 11lmm and C2-C7 angle was restored to 24° after Halo—gravity traction for 38 days g The
AADI and C2-C7 angle were corrected to 6mm and 33° following occipitocervical fusion, respectively h At 8-—year

follow—up, the internal fixation was in place and satisfied bony fusion was observed. There was no obvious loss of

correction
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Figure 3 Male, 24 years old, AS with AAS a The patient presented with cervicothoracic kyphosis and impaired ability

of looking straight forward b The lateral cervical radiograph showed that AADI was 17mm. Severe cervical sagittal
malalignment was observed and C2-C7 SVA was 88mm ¢ The sagittal CT images of the cervical spine showed increased
AADI d The MRI image of the cervical spine showed C1-2 spinal canal stenosis e The ability of looking straight
forward was fully restored following C6/7 V shape osteotomy and occipitocervical fusion f The cervical sagittal alignment
obtained favorable recovery and C2-C7 SVA was significantly improved to 23mm immediately after surgery g Twenty—
eight months after surgery, the lateral cervical radiograph showed that the internal fixation was in place and satisfied

bony fusion was observed. There was no obvious loss of correction
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