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Sagittal alignment changes of cervical spine in patients with cervical spondylotic myelopathy after
cervical 3 -7 single —door laminoplasty and its correlation with functional status of cervical spine/
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[Abstract] Objectives: To investigate the changes of sagittal alignment of the cervical spine after C3-7
single —door laminoplasty, and to explore its relationship with the functional status of cervical spine after
laminoplasty. Methods: Retrospectively reviewed data of 164 patients between January 2015 and July 2018.
There were 95 males and 69 females with an average age of 64.8+18.3(48-86) years. Follow up time: 22.7+

11.3(9-46) months. Inclusion criteria: patients diagnosed of cervical spondylotic myelopathy. Exclusion criteria:
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previous history of spinal surgery, history of tumors, history of cervical trauma, sagittal spinal imbalance,
scoliosis, spine infection. The C2-7 sagittal vertical axis(C2-7 SVA), cervical 1-2 Cobb angle, cervical 2-7
Cobb angle, cervical tilting (CERT),

CRAT), cervical global alignment(CGA), thoracic 1 slope(T1S) and cervical 7 slope(C7S) were measured and

cervical arc chord sistance (CACD), cranial inclination (Cranial Tilting,
recorded using PACs 3.0 system. The neck pain visual analog scale(VAS) and modified Japanese Orthopaedic
Association (mJOA) All data were analyzed by
SPSS 24.0 software. Results: Compared with preoperative, T1S decreased by 1.25+3.34(21.38°+7.54° vs 20.13°
+7.16°, P=0.004), C7S decreased by 0.44°+4.23°(28.05°+7.72° vs 27.61°+7.81°, P=0.012), C2-7 Cobb angle
decreased by 5.51°+6.88°(15.92°+12.57° vs 10.40°+£10.93°, P<0.001), CACD decreased by 1.50+3.92mm(6.94+
5.69mm vs 5.44+5.52mm, P=0.003), CERT decreased by 2.23°%5.27°(13.45°+6.37° vs 11.22°+6.78°, P=0.001),
C2-7 SVA increased by 3.35£9.90mm (18.20+9.05mm vs 21.55+10.65mm, P=0.009), C1-2 Cobb angle
increased by 2.06°+5.09°(39.56°+0.46° vs 41.62°+0.70°, P=0.002), VAS (1.52+1.47) at final follow—up was
significantly higher than that before operation (1.02+1.12)(P=0.007).  Pearson correlation analysis showed that
the changes of C2-7 SVA, CACD, CGA, C2-7 Cobb angle, CI1-2 Cobb angle, CERT and CRAT were
significantly correlated with each other(P<0.05). The difference of VAS before and after surgery were positively
correlated with the difference of C2-7 SVA(r=0.462, P<0.001), C1-2 Cobb angle(r=0.362, P<0.01) and CRAT
(r=0.323, P<0.01), P<0.01) and CACD
(r=—0.344, P<0.01). The changes of mJOA score before and after operation were positively correlated with the
changes of C2-7 SVA(r=0.273, P<0.05) and C1-2 Cobb angle(r=0.298, P<0.05).

alignment of cervical spine in patients with cervical spondylotic myelopathy changed significantly after C3-7

score before operation and at final follow—up were recorded.

and negatively correlated with the difference of CGA (r=-0.316,

Conclusions: The sagittal

single—door laminoplasty, including kyphotic changes of the lower cervical spine, forward tilting of gravity
These

but also the

center of cervical spine, and overextension of the upper cervical spine and cervicothoracic spine.
changes were mnot only due to the influence of the cervical posterior structuraldamage,
compensatory mechanism.  The deterioration of axial symptoms after cervical laminoplasty is related to the
change of sagittal alignment of cervical spine.

[Key words] Cervical spondylotic myelopathy; Sagittal parameters of cervical spine; Laminoplasty; visual
analog scale; modified Japanese Orthopaedic Association
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Figure 1 Measurement of sagittal parameters of the cervical spine on X—Ray a C1-2 angle, the angle formed by the
line from the midpoint of C1 anterior nodule to the midpoint of posterior edge of C1 spinous process and the parallel
line to the C2 inferior endplate b C2-7 SVA,
plumb line from the center of the C2 vertebra ¢ C2-7 angle, the Cobb angle between the inferior endplates of C2 and
C7 d CACD,

posteroinferior corner of C7 and the posterior surface of each cervical vertebra e CGA, the angle formed by the parallel

the horizontal distance between the posterosuperior corner of C7 the

the maximum distance between the line connecting the posterosuperior corner of the dens and the

lines of the posterior surface of C2 and C7 f CERT, the angle formed by the plumb line from the center of the superior
endplate of T1(TISEP) and the line from the center of T1 SEP to the center of C2 vertebra g CRAT, the angle formed
by the line from T1SEP to the center of C2 vertebra and the plumb line from C2 vertebra h C7S, the angle between
the horizontal and the parallel line of the superior endplate of C7(C7SEP) i T1S, the angle between the horizontal and
the parallel line of the superior endplate of TI1(T1SEP)
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Table 1 Sagittal parameters and cervical functional score

before and after surgery

AR ER/Gil)
Preopera- Final i PAA

Live follow—up Difference P value

C2-7 SVA(mm) 18.20+9.05 21.55+10.65 3.35+9.90  0.009

C1-2 Cobb ff

Sy o 39565046 4162070 2.06:5.09  0.002
angle

(2=7 Cobb % 15.92+ 10.40+ -5.51x

€2-7 Cobb 12.57 10.93 oss 0!
angle

CGA(®) 127551111 11.48£9.99 —1.27£6.58 0.029
CACD (mm) 6.94569  5.44:552 —1.503.92 0.003
CERT(®) 13.45:6.37 11224678 -2.23:527  0.001
CRAT(®) 839+5.15  9.55:634 116570  0.11
TIS(°) 2138:7.54 20.137.16 —-1.25:3.34  0.004
C78(°) 28.05+7.72 27.61:7.81 —0.44+423 0012
ﬁgﬁ((sﬁze) 10.94:2.44 13.78+2.55 2.84+2.01 <0.001
i VAS(43)

1.02+£1.12  1.52+1.47 0.50+1.45  0.007

Neck pain VAS
TE:SVA, R TEL AN s CGA , 318 A s CACD , 9K B ; CERT, U5 £ ;
CRAT, /i fii 1 ;T1S, Mg 1 i 4 A 5 C7S, CTHAL A

Note: SVA, sagittal vertical axis; CGA, cervical global alignment;
CACD, cervical arc chord distance; CERT, cervical tilting; CRAT,

cranial tilting; T1S, thoracic 1 slope; C7S, cervical 7 slope

AROL B S50, Hodh C1-2 Cobb 1035 1 S Ak
il £ ,C2-7 Cobb ffi \CACD .CGA {3 T 20k il
JE ,C2-7 SVA CERT.CRAT 1% 2 3k 3 35 & .0 iz
B, T1S . C7S R M B Ag S b ith B

2 Uitk,68 % ,C3-7 BIFITHEE Y RBUE R ARHT 5 A
JF 13 X 2k i BUHESOIRGLF S 28028 1E ab C1-2
Cobb FAHIR, TIS W/, $E75 b 3HE b 20 i B A 3 A
C2-7 Cobb f Wi/, T ULTF #UAE 4= 3 iif JE 78 1, C2-7
SVA # K ,CERT Wi/Iy, 7T L 3k & .0 5 BT 7

Figure 2 Changes in cervical saggital alignment after
C3-7 single—open—door laminoplasty on X—Ray of a 68
b The increase of C1-2 Cobb angle
and T1S indicating the hyperextension of upper cervical
the decrease of C2-7
Cobb angle indicating the straightening of the lower cer-
the increase of C2-7 SVA and CERT

indicating the forward movement of the head gravity cen-

year old male a,

spine and cervical thoracic spine;

vical curvature,

ter

K2 FAEUBERRMEEISHZT L Pearson 83X 1%

Table 2 Pearson correlation among changes in sagittal parameters before and after surgery

(27 sya  C1-2 Cobb fi1(°) €2-7 Cobb fii(°)

C1-2 Cobb angle C2-7 Cobb angle CERT CRAT ceA CACD T18 78
C2-7 SVA / 0.555" ~0.4917 05450 06790 -0593" -0.558° 03430  0.131
G173 Gon ﬁa’nfglg 0.5557 / ~0.164 ~02697 04167  -0.195 0242  0.164 0.1
(27 Gobb Tn;lg ~0.4917 ~0.164 / 03887 04250 0702° 07397  —0.013  0.044
CERT ~0.545" ~0.269" 0.388" / ~0.8257 04950 04397 0006  -0.023
CRAT 0.6797 04167 ~0.4257 08250/ 20503 -0.524%  0.159 02537
CGA ~0.593" ~0.195 0.702 04957  -0503"  / 07347 —0.008  0.066
CACD ~0.558" ~0242 0.739" 04397 —0524V  0.7347 / 20007 0.057
1S 0.243 0.164 ~0.013 0006 0.5  -0.008  —0.007 / 0.3217
C7S 0.131 0.11 0.044 -0.023  0.2537 0.066 0.057 0.321 /

TE:SVA, KARTE LAl s CGA , BUE AT ; CACD , 98X B ; CERT , 89U £f1 ; CRAT, fifii £f1 5 1S, T1 iA} ff5 €7, C7 Mgt i s DP<0.05
Note: SVA, sagittal vertical axis; CGA, cervical global alignment; CACD, cervical arc chord distance; CERT, cervical tilting; CRAT,
cranial tilting; T1S, thoracic 1 slope; C7S, cervical 7 slope; MDP<0.05
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X3 FARFBXIRMFEFISHTHE VAS/mJOA LAY Pearson 8K

Table 3  Pearson correlation among changes in sagittal parameters and VAS/mJOA before and after surgery

C2-7 sva  C1-2 Cobb ffi(°)  G2-7 Cobb fi (%)

C1-2 Cobb angle C2-7 Cobb angle ~ CERT ~ CRAT CcA  CACD T1S 78

r 0.462 0.362 ~0.186 0147 0323 0316  -0344 0016  0.228

VAS P <0001 0.003 0.142 0247 0009 0011 0005 0898 0.07
mloA - 0.273 0.298 ~0.14 ~0.165 0213 0127  -0243 0004  —0.003
P 0.029 0.017 0.271 0193 0091 0316 0053 0978 0984

T SVA, RARTEL AN ; CGA , B S ; CACD, R34 1E ; CERT, S /1 ; CRAT, fSifi £ T1S, T1 U4} /i1 ; €78, C7 i A
Note: SVA, sagittal vertical axis; CGA, cervical global alignment; CACD, cervical arc chord distance; CERT, cervical tilting; CRAT,

cranial tilting; T1S, thoracic 1 slope; C7S, cervical 7 slope

WS SR HEMOBUE RS C1-2 Cobb £
I R AEAEA G b B A 40 3R T S0 i A
F#BH0(C2-7 Cobb ffi .CGA .CACD) 4 i 3 F& %,
XHIR C3-7 I IHEE T KRB RGBT R
FHUME Y A8 1 ;1 C2-7 SVA .CERT .3 [, 2
NG IHEE L ETR, X5 Z AT AT — 80,
C7S B T1S .35 T B, $2 7 S BB HE o il 3
SR AR R C3-7 TP THEE Y KIEAR G
HHE SR P 5 R AT, H BEAT SR
My R, WAL T MR AREELE . o R
i 1 2 A L % SO SOy 1) TR fof A5 S 1A 37
Ak L SUME AR TR E IR LR B
BEag FAb o el 38 T Sk 0 EO M AT RS IR B B
R ATINA C1-2 Cobb ffi K C7S J T1S A &
FARAZ A AR AR A A R 2, 0 B AR AR
e o A () B A s SR A AR RS AR AT BE 2 X 3
AR SR AR 90 7 A 5

PLAEWF ST HIGE ,C2-7 SVA 5 C2-7 Cobb ff
Lo T1S A3 W2 AHSCHEW 8 ASBIF 58 45 2R s AR
ARG LB E A S8 (C2-7 SVA .CERT,
CRAT) % 22 4k, 5 2k i B2 AH O 2% (C1-2 Cobb
i .C2-7 Cobb f1 .CACD .CGA) AL AF1E i 3
A, H,C2-7 SVA ARk 5Bk C7S LA
R EER NI I G R R TE S
X BTN BUHE S TF T THERE Y™ KB AR S5 BiHENE g —
AR SR P HN A, Hih C2-7 SVA Y
B8 K5 AR 5 S0UHE 2R AR A5 5 14 S8 Ak B AR AL 2
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