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[ Abstract] Objective To compare the occipitocervical sagittal alignment in normal adolescents and
age- and gender-matched patients with adolescent idiopathic scoliosis ( AIS) and analyze the relationship
between occipitocervical parameters and cervical sagittal balance. Methods A total of 100 adolescent
volunteers and 80 patients with AIS at the Affiliated Drum Tower Hospital of Nanjing University Medical
School from March 2012 to March 2014 were recruited. Occipital incidence (OI), occipital slope (0S),
occipital tilt (OT), C,-C, angle, C,-C, angle and C,-C, angle were measured on sagittal occipitocervical
image. The occipitocervical parameters were compared between the two groups and the relationship with age
and gender was further evaluated. Correlations between occipitocervical parameters and cervical sagittal
alignment in two groups were analyzed with Pearson coefficient. Results The mean OI, OS, OT were
36.12° + 2.55° (30° —44°), 26.34° + 8.41° (15° -46°), —-10.06° + 7.51° ( —22° - 11°) in
normal group and 35.62° £ 3.01° (31° -42°), 24.27° + 8.49° (7° - 42°), —11.52° £ 9.23°
( —28°-10°) in AIS group, respectively. Occipitocervical parameters in two groups were not significantly
different (1 =0.878, 1 =1.014, 1 =1.306, all P values >0.05). Furtherly, no significant differences were
noted between males and females, or between younger ( <14 years) and older subjects ( > 14 years) (all P
values >0.05). Significant correlations were observed between OI and C,-C, angle(r =0.307, P <0.05),
OI and C,-C, angle(r =0.298, P <0.05), OS and C,-C; angle(r=0.402, P <0.05), OS and C,-C,
angle(r=0.560, P <0.05), OT and C,-C, angle(r =0.428, P <0.05) and OT and C,-C, angle (r =
0.550, P <0.05) in normal group. However, only the correlations between OI and C,-C, angle(r =0.532,
P<0.05), OS and C,-C, angle(r =0.620, P <0.05) were significant in AIS group. Conclusions There
is no significant difference in occipitocervical parameter between normal adolescents and those with AIS, with

no influence by age and gender. OI, OS and OT are significantly correlated with cervical sagittal alignment
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in normal adolescents. However, the occipitocervical parameters are only correlated with the upper cervical

sagittal alignment in patients with AIS.
[ Key words ]
Occipitocervical sagittal alignment

Adolescent idiopathic scoliosis;

PEAFR , SUHE I AR T T 285 328 W WL R 0 93 1
A UM SR AR T 252 BRAR STUMES R & A8 A e DY
FEARJFTF R S > R SCRIRFE I S SR T
A LR F T SR, ML ST 25 5 55
HER AR T IE 25 09 OC & i AN B i 2011 4, Lenke
AUV T A A B S S IR T 2 R A
£ (occipital incidence, OI) . #k ‘B &} % ( occipital
slope, OS) FILB W48 (occipital tilt, OT) ,{HIf-%&
A B AR S R R T2 B S SR AR T 2 Y O
Fo K, AR VAR R & A4 5AER AR IERCHY
BB K E AE MY (adolescents idiopathic
scoliosis, AIS) 8 HBFGE A GLE AT IS HERT I, He
BIEHH/VAES AIS B M SR TEIE A, IR
BT IR T T 25 5 SUHE SR AR T AR A AR DG

1 #ERERFE

1.1 W4

ARHFF LA BEAS HZE 51 S HEE AT 5T % Gl
Wi AR L Ao X 42 . (1) AIS 4, A
HIRFFEXT S A 2012 4E 3 H—2014 4 3 AFEr i
PEEE B A AR A BE IR IT 19 80 5] AIS 35, 15
14 5], 2z 66 i, 4F % 10 ~ 18 %, Ho 4 it < 14 %
38 f5i, >14 % 42 5], HEBRAEA BRI Gy
JE B E . AIS BBE B HE M Y Cobb £ °F- 354
48.4° +£8.92°(40° ~69°), (2) XM, ZH M
1% 10 ~ 18 %/ W IE W & /DA RIES B SR Y4
A IR HERR A A Y, BE A TR A TR
ZAIEA 100 44, 55 17 %4, 4 83 44 Horp 4RI <
14 243 %, >14 % 57 %,
1.2 A

JIr A WF X R B A SR ST, PRRFILZR K
BT BARB, A s o R, IR ez X
A LI G0 sk T AARESEL
12,1 AR scRm S5 (1) OL. i v s A
Bt K AL 4R 5 M AL 1 2k (G b K
L) By e, B AT S S TS S S b
N R R 5 (2) OS2 HRBE Hb 5 AR B R L b e
b s KL SR ryJe 5 (3) OT it v
FRL B KA 2R S i ST TR I A
A PO TR SRR AL R A R AR A R ALY T 2
e (bR s KAL) ZE ), W) O G2 R IEAE, 2
TUE ;A MR HE P SRR B R AL RE AR S A B R

Cervical sagittal alignment;

Correlation ;

FLA K LR B 1, I OS e S IE A, I 22 R
L 5 27 0B HR SRR AL P o R A A P o s
ERRELRAA N, ) OT e M IEMH, 2 M fafl. W 1,
1.2.2 HiESORE S5 (1) b SHERT ™ A
(Co-C, M) MLl KL P S C, P& ZIE [ Cobb
15 (2) FHMERTN A (C,-C, M) :C, P& 5 C R
ZxZ [0/ Cobb ff1; (3) SMERT™ M1 (Co-C, M) L
KA C, FZ2ZIHE) Cobb £, LARI™ A IE(H,
JEm A, DR 2,
1.3 GiiteErk

NLFH SPSS 19. 0 B AFHEA TG 2400 0T . TR T
R MBI U A IE 55041, R v = s o, Al
SEFEAS o KB A AR S S R X R ALS dH ]
MARRAERS (<14 2 F1 > 14 %) FidE 5l a i) 22 5
FH Pearson AHICE 531 6 35 bk 251 2 855 S90HE I IR T
Cobb ffEIFIAEEE, DL P <0.05 N2 34 St

2 HR

XTHEZH FN ATS 21 19 F- 24 4R 0% 43 0l Oy 15,95 +
2.24(10 ~18) £ H115.04 £2.09(10 ~ 18) %, Hi
A4 I 22 SR GE T4 R (P =0.516) , PRZH B 5Tt
ZIPER 2 RIS F R L (P =0.427)

X REZHF AIS 2H O1.,0S F1 OT FL 353 <tk 1 =
BRI IG T L (P (HY >0.05) , HAF4E
W R P 3 T %) e 350 2 8 2 R IR B e e i i L (P
fE >0.05), Wik1.2,

SR C,-C, I Co-C, AR T AIS 41, 2%
FBA G E L (P <0.05) 1 Co-C, 1,2
SIGIEEL( P>0.05), WFE1,

XTHRZL O 5 C,-C, fFN Co-C, A A (P
{E¥ <0.05) ;08 i1 OT 43515 C,-C, fF1 Cy-C, i
A AHICHE (P 1Y <0.05) ;1M1 AIS 414X OI 1 0S &
Co-C, FAAFTEAHCHE(P {4 <0.05) . WL 3,

3 itig

REAEOFFE R, SRR TE S 21 2 N R 5
Wi, Park 25 (OBIFSEIESE , SHE IR 10 45 B 25 4F
B S SUHE R B W 0 o A IS S8 5 A ST 2R
RIEE S H A ARRIE S RSG5 & B,
M #E 5 ™ (thoracic kyphosis, TK) J& 52 M) #0 M 517 1™
(cervical lordosis, CL) (YEEEHZE" ), Lee 25077



FRAE M) 5 I R AR 2014 4F 10 A 5519 555 5 ] Chin J Anat Clin, October 2014, Vol. 19, No.5

B RS OORE S X LRl ACIRBER AL BofBig sl CoaRALP s

OS:A Tl CHELSK LMk OT:B M CELSMIELIIAM 2

- 355 -

OL:B Fll C ML 5B R AL T 2 46 1 e £
i RIS X LM R EE Co-Cy M HE KALF S
C, FLZIHY Cobb i Co-Cy f3:C, TZE C; FEZIIE Cobb fi Co-C; M HLE RALFHIE C; N ZIHAY Cobb £

F1 STHRULE AIS 4B AL IS0 iHE SR 16 Cobb 1 HL#EL °, x + s(min ~ max) |
20 31 151 o1 0s oT Co-C, f C,-C; fA Co-C7 A1
W R 100 36.12 £2.55 26.34 £8.41 -10.06 £7.51 24.87 £9.59 14.68 £11.32 39.55 £10.20
(30 ~44) (15 ~46) (-22~11) (10 ~56) (-10~30) (25 ~64)
AIS 41 %0 35.62 £3.01 24.27 £8.49 -11.52+9.23 25.23 £9.05 6.38 +8.18 31.61 £10.99
(31 ~42) (7 ~42) (-28~10) (23 ~56) (=5~26) (23 ~59)
t{H — 0.878 1.014 1.306 -0.395 2.956 2.339
P{i — 0.382 0.314 0.168 0.694 0.007 0.031
T ALS T AR R AR U 5 OL: A A5 4R OS « BB b OT LB i A7
F2 STHRUE AIS MBI SEAE AR SR g (0, v £5)
AR ) ) P51 ) )
210 <14 % Sy tfH P1H 5 % tfH Pl
Xif HE 21
Ol 35.75 £1.54 36.25 £2.82 -0.777 0.422 36.80 £2.99 35.57 £2.02 1.613 0.116
0S 28.50 £9.87 32.31+£7.77 -1.215 0.242 33.38 £8.51 29.69 £8.11 1.507 0.139
oT -7.41 £4.60 -4.25+6.11 -1.265 0.212 -3.61 £7.21 -6.23 +7.68 1.190 0.240
AIS 2
Ol 36.34 £2.46 34.96 +£3.36 1.620 0.112 37.60 £2.72 34.72 £2.73 1.622 0.111
0S 22.65 £8.29 25.76 £8.56 -1.276 0.208 24.93 +£7.83 23.96 £8.88 0.379 0.708
oT -13.26 +9.84 -9.92 +8.52 -1.252 0.217 -13.66 £8.20 -10.54 £9.63 -1.155 0.257

T ALS 7 AR SR AE O 5 OL: AL B A S A1 5 OS B3 28435 OT AL MUk £

TEHRT I B A 1 #f (thoracic inlet angle, TIA) Al TK
5 HHESRTHIE 25 10 6 REHBIE— 25 7R T, HE(K
MBI A (T, slope, T,S) S5 Wi UHE IR I 25 7Y
BHIZRER ., RMLL B S5 TK 5 M5 A 0
JARTIEAS 5 8HE R AR TR S B 5C R, AL BERIE
5T SR 5 R T TR 285 A9 5 T i o AT A

ARTAE A5 A A B T S b B g HC 3

AIS J&—Fh % A= T35 0160 3D H R m R,
BEAEBTSE & B, 5 1E % 75 D4R AR HL, ATS 55 B0 i e
JE T N0 Yu Y RIE S ALS i
SR T 25 B BICE S 30 T Uk 2R TR 5 S
BEFINH IR ATS BB 3500 MR T T 285 o 35 26

THESAR THTTE



- 356 - HAERRF] S I R 2%k 2014 4E 10 A58 19 #4555 4] Chin J Anat Clin, October 2014, Vol. 19, No.5

*£3  XTIBAF AIS HFISH
55 350HE SR TR S A AH

2J17”7'J Cl)'CZ ﬁ CZ_C7 % C(»'C7 ﬁ
XJ L (100 1))
o1
r i 0.307 0.061 0.298
P14 0.032 0.684 0.042
0s
r 0.121 0.402 0.560
P18 0.417 0.005 0.001
oT
i 0.080 0.428 0.550
P1{H 0.591 0.003 0.001
AIS 41(80 f7)
o1
r 0.532 -0.132 0.329
P 0.007 0.682 0.077
0S
r {8 0.620 -0.110 0.250
P1{H 0.010 0.733 0.142
or
r 1l 0.228 -0.078 0.134
P1{H 0.177 0.810 0.677

TE - AIS: 7 AARRR R A AL 5 OL: B A G £ 5 OS LB R %
OT: K P A

SRREEDLH]

Kim 25 5 0T 0] BE S SUHE 2 R T 245 (4 b
BRI S H (01,08 A1 OT) , 7 HIE# ABEAY
5T, O1, 0S i1 OT (1) F- Y {8 43 5k 34. 3° =
4.3° 24.3° +7.9°F1 —10. 8° + 7. 7°; 3l 1 ¥ A [G]4F
WA LA RS E T LE 23 BT, LA e BRI A A % 1) 34
Jn, O REF AN, OS Wi/, OT ¥4 in . stk iy 2, 1
IFFARIE 7R BL S SR T S ECS e SR T S 1)
BIRX R, AU SIS 80 SHE IR TE S/ 0C
FILE— 2L HTiZSEAE ALS F8 35 S SR T A
WL VR A58 DLIE 8 5 /D4R 5 AIS lE N
WFTEXT G2, TR A3 HT R 250 2R TR T T 25 %) $0HE 2% R T
i

BT 45 R WoR , X RE L O1,0S Al OT (-4
B4 51 R 36. 12° + 2. 55° 26, 34° + 8. 41° flI
-10.06° +7.51° ; EAR S FIPE I DE L Y AIS 41 Ol
0S H1 OT SEH{E 4> 3y 35. 62° £3.01° 24.27° +
8.49°F1 —11.52° £9.23° B2 FEH{H 5 Kim 25
IR AE AR s R GETt5 500 , A5 P A B
ZE g (P A >0.05) , BIAL 8578 %
RIETSEAEIEH F /4R AIS BE R B 25,
ARG RE B, WA C,-C, XS LGt
)Z(P :0‘694) ,ﬁﬁJ‘_ET%'éﬂE/‘J Cz'C7 ﬁﬂ] Co'C7 ﬁj(
FAIS 4 (P {8 <0.05) , HEEAEfFgele 7012 gt
R,

B FEAHCNE AT 45 2R s, XA O &

Co-C, f1(r=0.307, P =0.032) fl Co-C, ffi (r =
0.298,P =0.042) &} 3 FH5C, X F B IE & 7 > 45 3
HE SRR T AN 5 A o fR: 1 T 2 %% D0 A ¢, H:
[IREAZ 3 b5 B S ) S5 M R . SEH AR,
BRI OF A B MR AL i HA R iR
TE TS AHFI B AT, A 98 5 5008 K FLAE
T ) TUHE T3 4] A S0UHE T 385 0 ( Co-C, MG R) , DA
PREF KT (B 3) . EAF —12 &, Abelin-
Genevois 2 HF5E T 150 13 B 4 55 HE 2 K T T
A, RMHES RS Co-C, fA 2 AR A7 76 A0 e M
(r=0.064), Lee Z&'°7 (R Fe 45 B WAL B8 T,S
Xt Co-C, A HE W, AT R 25 58, Xt
M2 OI 5 C,-C, iz ol BA W2 M A O (r =
0.307) ,H OL H8 R &5 C,-C, MG K, EHIN
oI 3 O STV S R N1 0l e 1 M €
BRI VER o i SUHEAS 5 B e A,
ZHHESSIRTADE S RS2 W8/, 78 AIS 4 rh X OI
5 C,-C, 1 (r=0.532,P =0.007) F1 0S 5 C,-C, ffi
(r=0.620,P =0.001) Z [B]f77EFH 5, T SAE R
A SR AOR S HON B S, B4
INHX AT E S AIS BEMHESOIRAE S 7% 30 F
MEFE AR LS B R S IR Tl
o DL ESr T, B8 I ALS fB 3 b SiHE SRR T 2
FELZ BRI A FZ ), 10T SUHE SR R S
F2 37 W o R T A5

o ST

= N A
BAKL N

~ T 18

3 IEFH AR E RALIBURH A 5 SUHERT T A )RR
AR TR MR R A SR A R B DL R, IR
T /AT SUME T A9 B BRI R DR AL ABURE S 19 38 K T 6 A
T, S: 55— MM A T0R A

3 A AN [ AR % 2 (] (%) 6T L 43 A, R 2L AL 3 2 4K
TERIYA (> 14 ) FRIB A ( <14 &) [ 22 R T4
3% 5 Lenke 251 (5 45 BARIR, /T fE S
ARIR I FERUINVA o IR R IR SIS HAE 0 o3 21
[RIFEAE 2 5



BRI R 2%k 2014 4F 10 H %5 19 #4555 4] Chin J Anat Clin, October 2014, Vol. 19, No.5 - 357 -

Li BRTIR AT A R R WIS AIS E b
SRR T AR BT AR T TR 25 4% 2 5 i S50 O
AT S W Z R, B STOR T 2 800] LI ¥
ik ST SRR THTIES 25 ) T B4R AR, g S0 R AR i B
MR SRS B B H AR ALS [
AR SR TS B B F P22 57, AN SZAF I A
SR o TP P UM O AR T AR B A A 22 57
BT AR STR AR 2515 SUHE SR T 25
FARTC T ALS S8 HE SR S AR T 25 55 He L 351
HESIR HE S VIR G

2 % x #t

[1] Grob D, Frauenfelder H, Mannion AF. The association between
cervical spine curvature and neck pain[ J]. Eur Spine J, 2007,
16(5) : 669-678.

[2] McAviney J, Schulz D, Bock R, et al. Determining the
relationship between cervical lordosis and neck complaints[ J]. J
Manipulative Physiol Ther, 2005, 28(3) : 187-193.

[3] Park MS, Moon SH, Lee HM, et al. The effect of age on cervical
sagittal alignment: normative data on 100 asymptomatic subjects
[J]. Spine(Phila Pa 1976) , 2013, 38(8) : E458-E463.

[4] Hardacker JW, Shuford RF, Capicotto PN, et al. Radiographic
standing cervical segmental alignment in adult volunteers without
neck symptoms [ J]. Spine ( Phila Pa 1976), 1997, 22 (13).
1472-1479.

[5] Yukawa Y, Kato F, Suda K, et al. Age-related changes in
osseous anatomy, alignment, and range of motion of the cervical
spine. Part 1. Radiographic data from over 1,200 asymptomatic
subjects[ J]. Eur Spine J, 2012, 21(8) ; 1492-1498.

[6] Lee SH, Kim KT, Seo EM, et al. The influence of thoracic inlet
alignment on the craniocervical sagittal balance in asymptomatic
adults[ J]. J Spinal Disord Tech, 2012, 25(2) ; E41-F47.

[7] Lee SH, Son ES, Seo EM, et al. Factors determining cervical
spine sagittal balance in asymptomatic adults: correlation with

spinopelvic balance and thoracic inlet alignment [ J]. Spine J,

[10]

(1]

[12]

[13]

[14]

[15]

[16]

2013, Epub.

Kim HJ, Lenke LG, et al. Occipital incidence-a novel
morphometric parameter for understanding occipitocervical spinal
alignment. 18th International Meeting on Advanced Spine
Techniques. Copenhagen, Denmark, 2011.

Lowe TG, Edgar M, Margulies JY, et al. Etiology of idiopathic
scoliosis; Current trends in research [ J]. J Bone J Surg Am,
2000, 82(8): 1157.

Yong Q, Zhen L, Bangping Q, et al. Comparison of sagittal
spinopelvic alignment in Chinese adolescents with and without
idiopathic thoracic scoliosis[ J]. Spine ( Phila Pa 1976), 2012,
37(12) : E714-E720.

Mac-Thiong JM, Labelle H, Charlebois M, et al. Sagittal plane
analysis of the spine and pelvis in adolescent idiopathic scoliosis
according to the coronal curve type[ J]. Spine( Phila Pa 1976) ,
2003, 28(13) ; 1404-1409.

Upasani VV, Tis J, Bastrom T, et al. Analysis of sagittal
alignment in thoracic and thoracolumbar curves in adolescent
idiopathic scoliosis; how do these two curve types differ? [J].
Spine( Phila Pa 1976) , 2007, 32(12) ; 1355-1359.

Yu M, Silvestre C, Mouton T, et al. Analysis of the cervical spine
sagittal alignment in young idiopathic scoliosis: a morphological
classification of 120 cases[J]. Eur Spine J, 2013, 22 (11) .
2372-2381.

Abelin-Genevois K, Idjerouidene A, Roussouly P, et al. Cervical
spine alignment in the pediatric population: a radiographic
normative study of 150 asymptomatic patients[ J]. Eur Spine J,
2014, 23(7) : 1442-1448.

Hilibrand AS, Tannenbaum DA, Graziano GP, et al. The sagittal
alignment of the cervical spine in adolescent idiopathic scoliosis
[J]. J Pediatr Orthop, 1995, 15(5) : 627-632.

Clément JL, Geoffray A, Yagoubi F, et al. Relationship between
thoracic hypokyphosis, lumbar lordosis and sagittal pelvic
parameters in adolescent idiopathic scoliosis [ J].

2013, 22(11) : 2414-2420.

Eur Spine J,

(ki H 3 :2014-07-04)
(A G4 7K )

25T 73 I BB AL

e 3 PR g o —

ot g B B





