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[Abstract] Objectives: To measure the occipitocervical distance of patients with basilar invagination (BI)

through the method of measuring the vertical distance from the center of C4 vertebral body to McGregor line,
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and to explore the feasibility and clinical significance of such method in evaluating the longitudinal reduction
of occipitocervical area during the occipitocervical fusion (OCF). Methods: The clinical data of 82 patients
with BI treated at our hospital from January 2014 to January 2019 was collected, including 23 males and 59
females, aged 50.3£9.6 years. 56 patients underwent OCF surgery(17 males and 39 females), Among them, 3
patients developed low cranial nerve palsy symptoms such as dysphagia, dysphagia, reduced pharyngeal reflex
and other intolerant symptoms after OCF operation, which was considered to be related to the patients” ex-
cessive longitudinal occipitocervical region distraction during operation, and revision surgery was performed to
reduce the distance their longitudinal occipitocervical region distraction. The vertical distance between the
center of C4 vertebral body and the McGregor's line (OC4D) of each patient was measured on neutral radio-
graph of lateral cervical spine in standing position and hyperextension and hyperflexion radiograph before op-
eration. The OC4D values on lateral radiographs of cervical spine in natural standing position of 56 patients
during hospitalization after surgery were measured (53 patients with improved symptoms after OCF and 3 pa-
tients underwent revision surgery after OCF), and the OC4D values of the 3 patients who underwent revision
surgery after OCF were obtained before revision on cervical lateral radiographs in natural standing position.
The vertical distance of tip of the odontoid to the McRae line(McRL) was measured on CT scans of the cer-
vical spine on admission in 56 surgical patients and during hospital admission after OCF(3 patients after revi-
sion surgery). The longitudinal reduction distance of the occipitocervical in 53 patients who routinely recov-
ered after OCF and 3 patients who underwent revision surgery after OCF was calculated (postoperative OC4D
value—preoperative OC4D value). The Japanese Orthopaedic Association(JOA) score(17 points) was recorded at
preoperation and 12 months follow—up. The reduction rate of occipitocervical area and the improvement rate
of neurological function were calculated. Results: The OC4D of the 82 patients with basilar invagination on
admission was 49.1£7.6mm in the neutral position, 49.0+7.5mm in the hyperflexion position, and 49.0+7.7mm
in the hyperextension position, showed no statistically significant difference (P>0.05). The inter—observer ICC
values of OC4D measurements in neutral, hyperextension, and hyperflexion positions were 0.951, 0.963, and
0.949(P<0.05), and the intra—observer ICC values were 0.977, 0.982, and 0.971(P<0.05), respectively. Among
the 56 patients underwent surgery, 3 patients underwent revision surgery, and the symptoms of low cranial
nerve palsy were significantly relieved after revision. The lower cranial nerve palsy symptoms of the patients
were significantly relieved, and there were statistically significant differences in OC4D values before and after
revision surgery(P<0.05). The MCRL value decreased from 6.3+2.8mm preoperatively to 1.8+1.2mm postopera-
tively. The neutral OC4D values of 56 patients increased from 48.9+6.0mm before operation to 53.5+6.6mm
after operation. The occipitocervical longitudinal reduction distance was 4.8+1.2mm, and the 95% reference
value range was 2.4-7.2mm. JOA score was increased from 11.84+2.70 points before surgery to 14.88+1.74
points after surgery at 12 months follow—up, with statistically significant differences(P<0.05). The average re-
duction rate of occipitocervical region was 65.8%. The average neurological improvement rate was 70%. The
correlation coefficient between longitudinal distraction distance and reduction rate and neurological improve-
ment rate was 0.831 and 0.725(P<0.001), respectively. Conclusions: OC4D measurement is a simple and ef-
fective occipitocervical distance measurement method, it can be used to estimate the longitudinal distraction
distance in the occipitocervical region of patients, before posterior occipitocervical fusion for BL. It can be
used to evaluate the longitudinal distraction of the occipitocervical region, intraoperatively, while ensuring ade-
quate decompression reduction of the occipitocervical area, it can avoid related postoperative complications
caused by excessive longitudinal occipitocervical extension.
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Figure 1
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B 835 b Bk 23 i), Lk 59 B, AR 30~73 %,
14 50.3+9.6 %, AR 0.1~30 4F, P15 4.3+5.7
4E,56 IR B F B 17 01, Pk 39 4, AR 6
36~70 %, ¥4 53.2+7.6 & JHFE 0.5~30 4, F-3
4.9+5.3 4%, BRI [ b E P R ALK YOI
W, 82 Bl H FEAEIR . 67 FISA () FU
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T AR WL TR (24/82,29%) 21 1]i% % (21/82,
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B 1 0C4D & XN C4 Hefk o3| McGregor 2% MEEIEE (the occiput—C4
distance,0C4D) . 24 1 BilfSUREMBEAE B OCF Arp C RS X RHLEME-F,
AL OCAD M ITEAEAR T C BV X ALEME R b B VERR S8 AL A
SR B

0OC4D was defined as the vertical distance from the C4 verteral
center to McGregor's line(occiput-C4 distance, OC4D). The picture showed a
BI patient’s C—arm fluoroscopy undergoing OCF surgery. It could be seen that
0C4D measurement method could locate bone markers clearly on the C-arm

fluoroscopy without intraoperative plant occlusion
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&1 82 BlmRMEESE EESFHBR KRG, Lo
Table 1 82 patients with Bl complicating

malformations, number of cases and proportion

AT 2 w
b s H 1%
pricating Number of cases Proportion
malformations
s
Atlantocciptal fusion 36 43.9
Chiarimﬁﬂ:ﬁ
Chiari malformation 19 23.2
Klippel-Feil IR
Klippel-Feil malformation 17 207
HE o o

Syringomyelia

XPRL 0 DX ot BE A T RS, A TR FAR IR
FIX TG AR B S , BAE R IR U 0 22
1.4 & FicsE

RN e AN AN Al ARV 1L VA SRYA VARSI D |
DIFFHEE - C4 HER OB McGregor 28 1 e fG iR
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B4 T BRE T AR BB BB A FE B D ) 2 A b
WA 7 FHESE - 0C4D 18 ; 7E 56 B F AR HEH A
BEFl OCF K5 (3 BIEBETFREEMBEARG)RE
A HHE CT A 43 i it 4 R €22 31 McRae
LM HIE R (McRLE) (Kl 2) , 2 S5 EHAMRHE
A BRIEA T 2 YN | e At SR R AL
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Table 2 Occipitocervical fusion range in 56 patients
underwent OCF

PG s 1%
Occipitocervical fusion . .
Number of cases Proportion
range
Frfr-c2
Occipital-C2 fusion 31 35
MH-C3
Occipital-C3 fusion 19 34
R 6 1

Occipital-C4 fusion

Omm.

line was 4.9mm at admission d After OCF,

-
|
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B2 67 %, Lk, BWONBURIMBEAE  a ABERS OC4D {Hl 45.5mm b
OCF RJ5,0C4D {4 Z 51.0mm ¢ HH ABEHT McRL {HA 4.9mm d OCF AR
J&i ,McRL fH% % Omm

Figure 2 67 years old, female, BI a The OC4D value of the patient was
45.5mm on admission b The OC4D value of the patient increased to 49.9mm
after OCF ¢ The vertical distance of the tip of the odontoid to the McRae

the MCRL value decreased to
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i A A BRI 23 (17 208 18, IR R TR
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PR TIREE RPN ARIE AL, S5 5 >T75%;
K, 50%~75%; %, 25%~49%; 2% , i35 <25%
1.5 Gt

K SPSS 22.0(SPSS Inc. Chicago, IL) k{4
HEATGE 20T AT BB S B 48 S
A4S OCAD {H LR FH R R R 7 225087 5 F

iR OCAD I B AF 8K [R] i — B0k Ry
SR 0.951.,0.963 Fil 0.949 (P<0.05) , WLEZ# N 1Y
— & ME R B8 0.977.0.982 Fi1 0.971(P<0.05,
#3),

56 1T A BEARATH AL 0C4D R 48.9+
6.0mm, 5 A J5 (1135 3 il & BT A5 ) o
£i7 OCAD {8 (53.5£6.6mm) L FH G5 X
(P<0.05), 314l OCF RJ5 & & BB A )G
{7 0C4D H 5 BIMBE AR AT 0C4D (K22 A 5T
22 X (P<0.05,3 4 18 3), 56 (il F- AR E McRL
{EHARAT 6.3+2.8mm [FEAJG 1.8+1.2mm, FAR
BEM X I BN 65.8%, FAREH
ARHET JOA PE5> 11.8422.70 43, S5ARJG 124 H bt

®3 URFENRER 82 flEE OC4D MEH
—HMEMER

Table 3 The consistency evaluation results of inter—

observer and intra—observer OC4D measurements in

82 patients

HXFREL 1cC

S YR S YR . P
RIEHAN LA 0C4D (5 AFEAE 125 RTT T
H JOA W43 BRI FLXT ¢« B ; P<0.05 b 22 57 neutral - TPICET flexion
HEit2#E XL, R Pearson HHE R E M FAR XU‘L%?%‘}EHJ

N N Inter—observer
B d-0C4D SHHIX UM BE AR | MRS N
il 0.949 0.965 0.951 <0.05
W 2 T RHTSEPE L BT AL AR R Fint meswrenen 0949 09650 '
N b5 — vl
(intraclass correlation co efficient, ICC) P-4 WEK z;]fﬁ”':ﬂismmm 0.953  0.961 0.948  <0.05
RS P B I (R 1 — B 3
AL BRI (10— B g vosi osss osm <00s
ML N
2 g:é‘: % Intra—observer
NI & YR
82 91 fi Je& M1 B4 i A8 A B B HR 37 A OC4D gOUHE 0073 0984 0973 <005
{679 49.1+7.6mm i i {37 49.07.5mm LA i BOUME o0 gost 0970 <005
4 49.0+7. Tmm, =F[BZEFEGIFEEL (P> "
\ g ke e L v s it 0977 0982 0971  <0.05
0.05), ICC 4343 s SME S A Az f Overall
x4 3GIMEMEREHIRMAAMHZREELERBEN—RER
Table 4 General information of 3 patients complicating postoperative low cranial nerve palsy after OCF
IR PR ZIBT FAT 0C4D {H (mm) JOATSY»
Age/Gender Diagnosis surgical options 0C4D value JOA score
. , JRE M A E Ho-c2 A
BH 1 Casel 47/ 47/female Basilar Invagination occipﬁal-czm Haion 48.9/64.7/56.7 11/13/15
. ) FURE T B BE-Cc2 A
B 2 Casel 58/% 58/male Basilar ]nvagir]lation Occipﬁal—c2 f'uE;ion 50.4/61.7/57.9 11/13/16
B3 Casel 62/% 62/male JIURIMIFEAE BE-C3 e 41.8/533/48.8 9/12/14

Basilar Invagination Occipital-C3 fusion

.= 0C4AD I JOA P WAERA RO BEARRT H—KFAG BHIEARE 0C4D {1 JOA P4

Note: OC4D value and JOA score in the table are the patients’ OC4D value and JOA score before, after the first operation and after

revision surgery in order from left to right
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&, ARHIJOA W43 11 4, ARiidE
0C4D {H# 48.9mm b J5 BEHLB KAL
FEFTUE + A S T 52 A7 il - P [
ARG, B RERGE %, AR5 3 0C4D
{E3E 64.7mm; HEEARGHIH K
B RIAE e g S IR R 2 R
(LCNP)JEIR ¢ 1TRMET RIS IRE
J—5E RS0 X A 1] BETFHE B ), 2B
H LCNP SR B B2, BB AR5 &
# 0C4D {H°N 56.7Tmm, ARJ5 6 A
Rt JOA 53 15 43

Figure 3 a 46 years old, female, occipital and neck pain for 3 years with numbness of limbs for 2 months, Basilar

basilar, preoperative JOA score of 11 points, the preoperative OC4D value was 48.9mm b OCF surgery was performed,

and postoperative symptoms were relieved. The postoperative OC4D value increased to 64.7mm, but patient complicating

postoperative low cranial nerve palsy (LCNP) symptoms,

such as dysphonia and cough ¢ Patient’s LCNP symptoms

significantly relieved after revision surgery to release a certain longitudinal extension distance in the occipitocervical

region. OC4D value of the patients after revision was 56.7mm.

after the operation

it JOA 14y 14.88+1.74 73 WWAEAEAE S it % 2
S (P<0.05,3%5), RJF 124 HMEUie & s
e PRI R G, TR F g%
5 70% , 1 30 41 (30/56,54% ), K 19 i (19/56,
34%), 1] 7 411(7/56,12%) , 4 L% 88%, d-0C4D
5% A DIREUCGE R Z RIAHDC R AL r 73l
4 0.831.,0.725(P<0.001) , X FAREBEARG (FLFE
3 plEME R A BB AR ) 5 EE AR 0C4D (HH)
2, RUERE RS DN BT B2 A M B 2E 47 1
SR, SRR EERTFSIESS M (P>
0.05), FARBHLIX Y\ £ TF = AL 1B R
4.8+1.2mm,95%Z ZAHIEF K 2.4~7.2mm,,

x5 FABEAR . ARE JOA TS K OC4D H
Table 5 Preoperative and postoperative JOA scores and

OC4D values of surgical patients

JOAIES> 0CA4D fE (mm)
JOA score 0C4D value
AR A Preoperative 11.84+2.70 48.9+6.0
AR Postoperative 14.88+1.74 53.5+6.6
i+ value -11.361 -9.264
P{E P value <0.01 <0.01
3 it

P U B 2 — Fof P S 2R RO B SO M 2 5 |
MIZREAE, AP B 22 R B R 2 0] AR AL

The JOA score of 15 points was followed up 6 months

BB RAL, B AERESCR 5 R S0
VOB Z ) RRA GG i 22 RE AR T AR s 52 o Bk
B P 2 Rl B AT U M B 1) £ BT AR Ty
e,

WFFEHGE , ALK R A S A 2 MU (M hE
SRR ARSI OGS AR S B
Figh G A, ARE XX AT T Z AL
FEHE YRR | 1) EBA AR S
FEREE L A8 , DUBERAS L 8% 0980T S R4
SIS, A LG T B R 9 T AR 7 B K
il AHAEA b e B b XL 25 DX A T ] 4
T AL EN DA BT AR . Wang S5HIGE | —
Tl B SR G AR 27 I ) I AT ——R A i
IR (LCNP) | G045 A R A M PR A i |
W S S s S RE AR, IAA HR BRI e 1) T S it
DA A0 XA i DN I 50T 2 0, T TR
BUX IZ AR 722 4 1 B L 9 AL 98 U3 Y
SEAE B IEIR KA RAL SRR S AE S XA S ) iy
PEZEMTCIETEAR T C BV X KB A HIE
AT 4 181 DR I A RS (M B E R TR A
ARG X BHE B HEATIN AT ), oAl
A Chamberlain £k McGregor 2% 5 1tk 28 2R I 25
S5 IUAT AR UG TV 8 RIS 1) 5 FH I B b W i
B XA I 4 TF 52 A RREE 1999 48, Phillip 557



A A BESE 2021 AR5 31 B 4 Chinese Journal of Spine and Spinal Cord, 2021, Vol.31, No.4 315

YRARGE Tl it C2 g A o 2P 28 A e S
KA FIHE B (the occiput—cervical distance,
OCD) , SR FEAAT AR ZE Y, AR 30 il JCHE IR 2
RH FHEP ST AR OCD {H 21.5+1.22mm, 5 i #h
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XF 200 FITCREEIX S8 B E (5B 100 i, % 100
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# 0C4D {4 (69.0+6.9)mm 775 i FH 255, H
JEE MR E BB OC4D {E BH B/ F Jo kL 351 X 52 %
2, U PG U] B R8P 9 B 26 1 N>
Ho F2 B R B A A AT, I &
AT REIX B BEA . 56 1 F R EE ARG
0C4D {H (53.5+6.6)mm 5 ICHL & X 75 & 71
H25, HiidE BN TR E A4 M FEE
BEFARMBIXINZ NG, H 0c4D {EHA i
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