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[Abstract] Objectives: To explore the clinical effects of anterior cervical Hybrid surgery [anterior cervical

discectomy and fusion(ACDF) + cervical disc arthroplasty(CDA)| for the treatment of contiguous 3-level cervi-
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cal degenerative disc disease among different constructs. Methods: Between June 2012 and December 2018,
data of patients with contiguous three levels cervical degenerative disc disease who underwent 3-level ACDF
or 3-level anterior cervical Hybrid surgery in our hospital were reviewed. The patients were divided into FFF
group(3-level ACDF), 1A2F group (1-level CDA and 2-level ACDF), and 2A1F group(2-level CDA and 1-
level ACDF). According to the inclusion and exclusion criteria, a total of 98 patients were included with 22
patients in FFF group, 47 patients in 1A2F group, and 29 patients in 2A1F group. The average age in FFF
group, 1A2F group and 2A1F group was 58.95+9.28 years, 51.70+8.23 years and 48.72+7.76 years, respec-
1A2F group and 2A1F group was 29.23+14.79 months,
36.09+£16.72 months and 36.58+14.81 months, respectively. The differences of visual analog scale(VAS) scores

tively. The average follow—up time in FFF group,
of the neck and arm, the Japanese Orthopedic Association(JOA) scores and neck disability index(NDI) among
groups were compared preoperatively and at 3 days, 3 months, 6 months, 12 months postoperatively and at
the final follow—up. Cervical lordosis(CL), Cobb angle of surgical levels, range of motion(ROM) of the total
cervical spine, ROM of surgical levels and ROM of the adjacent segments were measured via lateral X-rays
in flexion—extension and neutral positions preoperatively and at 3 days, 3 months, 6 months, 12 months post-
operatively and at the final follow—up. Fusion conditions were assessed according to flexion—extension X-rays
and CT at the final follow—up. Results: After surgery, all patients in the three groups showed significant in-
crease in JOA scores(P<0.05) and significant decrease in VAS scores of the neck and arm(P<0.05), yet there
were no differences among the three groups(P>0.05). The NDI score in FFF group at 3 months postoperatively
was 17.86+2.55, which was significantly higher than that of 1A2F and 2AI1F groups(P<0.05), 15.13+3.76 and
15.55+4.07,

significantly at 3 days postoperatively compared with the value preoperatively in all three groups (P<0.05).

respectively. The Cobb angles of the total cervical spine and the surgical levels were increased
However, at the final follow—up, the Cobb angles of the total cervical spine and the surgical levels were sig-
nificantly lower than those preoperatively in FFF group (P<0.05). There were no significant differences of the
Cobb angles of the total cervical spine and the surgical levels at the final follow—up among the three groups
(P>0.05). The ROMs of the total cervical spine and the surgical levels in FFF group at 6, 12 months postop-
eratively and the final follow—up were significantly lower than those in 1A2F and 2A1F groups(P<0.05). The
ROM of the total cervical spine in 2A1F group was significantly higher than those in 1A2F group at 12
months postoperatively(P<0.05). The ROMs of the surgical levels in 2A1F group were significantly higher than
those in 1A2F group at 12 months postoperatively and the final follow—up(P<0.05). At the final follow—up, the
ROMs of the superior adjacent segment of FFE group, 1A2F group and 2A1F group were 11.97°+2.27°, 9.80°
+2.99° and 8.45°+2.26°,
and between each two groups(P<0.05). At the final follow—up, fusion rate was 81.82%(18/22) in FFF group,
91.49%(43/47) in 1A2F group and 96.55%(28/29) in 2A1F group, without significant difference among groups
(P>0.05). Conclusions: Compared with 3-level ACDF, the clinical outcomes of 3-level Hybrid surgery were

respectively, of which significant differences were observed among the three groups

satisfied. In addition, the Hybrid groups had a higher ROMs of the cervical spine and lower influence on the
superior adjacent segment, especially in the group of 2-level CDA and 1-level ACDF construct.

[Key words] 3-level cervical degenerative disc disease; Hybrid surgery; Anterior cervical discectomy and fu-
sion; Constructs; Operative outcome
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Figure 1 Measurements of cervical spine on lateral X—

ray films a Cervical lordosis: the angle between tangent
lines of C2 and C7 vertebral lower endplate; the angle of
surgical levels: the angle between tangent lines of upper-
most surgical vertebral upper endplate and lowest verte-
bral lower endplate b The Cobb angle of each level on
lateral X-ray of the cervical spine (the angle between
tangent lines of the intervertebral upper and lower end-

plates)
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®1 3HEE VAS 45 JOA 45> NDI F 4 L&
Table 1 The VAS, JOA and NDI scores of three groups

Pl
FFF4L 1A2F 41 2AIF 41 P value
(n=22) (n=47) (n=29) o
FFF group LA2F group  2AILF group =411 FFF vs 1A2F FFF vs 2A1F 1A2F vs 2A1F
Among three groups
s VAS
VAS score of neck pain
o 536:140  483:137 4724133 0216 0.134 0.101 0.744
re—operative
M ad 3.09+0.68 3.30+0.81 3.24+0.83 0597 0312 0.501 0.762
N AN
RIS 2412080  2.28:0.65 2.62+1.05 0210 0.532 0.363 0.078
NS
KA 1.860.56 1.870.65 2.10£0.67 0257 0.958 0.186 0.128
S 10 A
M2 1324072 1.43£0.83 1.760.87 0.118 0.613 0.060 0.088
e
N 0.82+0.66  0.87:0.74 1.03+0.68 0.498 0.767 0.282 0334
inal follow—up
T JER VAS
VAS score of arm pain
L 4776102 404:1.64 434184 0.208 0.079 0.344 0423
re—operative
M 3d 2.27+0.88 213130 221121 0.888 0.638 0.845 0.778
= A
ORERRE 1.910.81 1.79:0.91 1.900.82 0.804 0.585 0.959 0.592
> N
AN 1.23£0.75 1.23£0.98 1.620.94 0.170 0.977 0.135 0.080
RE124] 1.00£0.69 1.02+0.87 1.340.86 0203 0.921 0.145 0.102
o
oy 0.50:0.60  085:1.12  0.83+0.66 0297 0.136 0.203 0913
mal 0. OVV_UP
JOAF 4
JOA score
ff“” . 9.73+0.77 10.15+1.41  10.07+1.07 0.390 0.176 0.315 0.778
re—operative
R 3d 1136:1.26  11.28+146  1134+1.34 0.962 0.808 0.962 0.835
N AN
FORERRE 1386117 1425:1.09  13.86+1.15 0233 0.182 0.996 0.143
= AN
AR 14.86+1.04  1483:124  14.76:1.06 0.943 0.909 0.746 0.793
S 10 A
R 12 ] 1536:1.05  1543+131  15.07+1.03 0430 0.840 0.380 0.204
.
Uy 1623£0.92  16.19+124  16.20£0.86 0.992 0.898 0.947 0.952
mal 0. OW_HP
NDIFE4
NDI score
L 30.18+4.03  29.10:4.68  28.07+4.53 0254 0357 0.100 0331
Tre—operative
> N
ORI 17.86+2.55  15.1343.76  15.5544.07 0015 0.004 0.026 0.622
TR 13.00:2.62  1128+4.15  11.7624.01 0222 0.084 0.253 0.59%
- AN
MR 124 10.1843.10  8.13:430  9.86+4.30 0.077 0.053 0.782 0.074
Ve I T
A UKl V7 6.5+2.50 498579 5.76:333 0421 0.201 0.567 0472

Final follow—up

Note: Po, postoperative; 3d, 3 days; 3m, 3 months; 6m, 6 months; 12m, 12 months
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Figure 2 Radiological outcomes of the patients of the
three groups preoper—atively and at each follow—up points

(* P<0.05 between two groups, # P<0.05 compared with

preoperative value)
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B3 FFF ARG ,60 5 Ltk B# a RFTSHENIAL X L 7m C2-C7 M 19.79°,C3-C6 i 13.12°,C4/5.C5/6
FE TR B S 5 F BT W, C5/6 HET] B i B2 2 2% boe AR AT UM i i 2 X e R 7R C2-C7 15 328 31.44°,C3-C6 i 3l L
h 22.78°,C2/3 .C3/4 ,C4/5 ,C5/6 1 3 £ 437 2y 5.28° . 1.15°,8.03°,8.22° d.e AHij MRI 7k C3/4 .C4/5,C5/6 HiMR &5 1, H
BEM 2z £ RS 3d FHEMI G X 28 F /s C2-C7 i iR 18.68°,C3-C6 M ¥ N 13.66°, W EME R g R 154 H
HUEM L X 2k 7R C2-C7 1A 14.93°,C3-C6 M 10.42°, TR Bt (] BUS 77 i 2845 /N B R hai RS 15 A
FHUME i i e L X 26 R C2-C7 36 30 o 11.50°,C3-C6 i 2 £ 2 1.88°,C2/3 ,C3/4 .C4/5 .C5/6 1 3l i 43 5l g 7.15°
0.07°.1.10°.,0.03° j ARJ5 15 A H HiMERARAL CT - T AR5 BS 77 % 8w /NRIE

Figure 3 A typical case of the FFF group, a 69-year—old woman underwent three—level ACDF a The preoperative
lateral X-ray showed the C2-C7 Cobb angle was 19.79°, the C3-C6 Cobb angle was 13.12°, the osteophyte was formed
at C4/5 and C5/6, and the intervertebral height was loss at C5/6 b, ¢ The preoperative flexion and extension X-rays
showed the C2-C7 ROM was 31.44°, the C3-C6 ROM was 22.78°, and the ROMs of C2/3, C3/4, C4/5 and C5/6 were
5.28°, 1.15°, 8.03° and 8.22°, respectively d, ¢ The MRI showed disc herniation of C3/4, C4/5 and C5/6 f The lateral
X-ray at 3 days postoperatively showed the C2-C7 Cobb angle was 18.68°, the C3-C6 Cobb angle was 13.66°, and the
position of implants were good g The lateral X-ray at 15 months postoperatively showed the C2-C7 Cobb angle was
14.93°, the C3-C6 Cobb angle was 10.42°, and the continuous bridging bony trabeculae was formed at surgical levels h,
i The flexion and extension X-rays at 15 months postoperatively showed the C2-C7 ROM was 11.50°, the C3-C6 ROM
was 1.88°, and the ROMs of C2/3, C3/4, C4/5 and C5/6 were 7.15°, 0.07°, 1.10° and 0.03°, respectively j The CT at

15 months postoperatively showed continuous bridging bony trabeculae at surgical levels

FERHE (P<0.05, i K ER Y 38%) , —4H XL 2A1F ZH WY B ME C2-7 7f 8h B K F AR5 BLiG o
W E B EEER, AMRSGERER, K534 Yy 5 T FFF 41, 20 =35 B Hybrid TR 815
A 64 12 4 A J R R BE V5 B, 1A2F 41 i — B T2 R B8 SME R K1 h B T R T BT B
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B4 1A2F 418N (], 59 & Pk a RETSUMEMIAL X 2 v 7R C2-C7 MK 12.85°,C4-CT i B2 14.38°,C4/5 HE
[¥) B2 e B 5 G AR A R B IR B boe AR AR A A X 2R R C2-C7 1 B EE Dl 56.68°,C4-CT 1 8l i O 38.84°,
C3/4 .C4/5 .C5/6 .CO/T i B 43 51 A 7.59°,12.00° 13.75°,5.47° d~f AT MRI 7 C4/5 .C5/6 .Co/7 HERI ALy, 45 B 22
ZHE g RJF 3d BHEMIAL X 2k 78 C2-C7 ith B2 23.26°,C4-C7 Wl B2 20.74°, W & 07 B R AF h AR5 18 A4~ H Tk
£ X £k 7R C2-C7 MK 8.62°,C4-CT I £ 7.40°,C4/5 (C5/6 HEIM K5 7 i 25 /N RIE I 1§ AR5 18 A Bk fif
AL X 2R C2-CT7 36 8 o 22.75°,C4-CT & 31 K 6.29°,C3/4,C4/5..C5/6 ,.C6/7 i 3 £ 73 3 h 6.10°,0.40°,0.85°
5.20° k A5 18 A H BiMER AL CT 78 C4/5 .C5/6 J&5J7 i 2w /INRIE Ik

Figure 4 A typical case of the 1A2F group, a 59-year—old man underwent 1-level CDA and 2-level ACDF a The
preoperative lateral X-ray showed the C2-C7 Cobb angle was 12.85°, the C4-C7 Cobb angle was 14.38°, the osteophyte
was formed at C4/5, and the intervertebral height was loss b, ¢ The preoperative flexion and extension X-rays showed
the C2-C7 ROM was 56.68°, the C4-C7 ROM was 38.84°, and the ROMs of C3/4, C4/5, C5/6 and C6/7 were 7.59°,
12.00°, 13.75° and 5.47°, respectively d—f The MRI showed disc herniation of C4/5, C5/6 and C6/7 g The lateral X-ray
at 3 days postoperatively showed the C2-C7 Cobb angle was 23.26°, the C4-C7 Cobb angle was 20.74°, and the
position of implants were good h The lateral X-ray at 18 months postoperatively showed the C2-C7 Cobb angle was
8.62°, the C4-C7 Cobb angle was 7.40°, and the continuous bridging bony trabeculae was formed at C4/5 and C5/6 i, j
The flexion and extension X-rays at 18 months postoperatively showed the C2-C7 ROM was 22.75°, the C4-C7 ROM
was 6.29°, and the ROMs of C3/4, C4/5, C5/6 and C6/7 were 6.10°, 0.40°, 0.85° and 5.20°, respectively k The CT at

18 months postoperatively showed continuous bridging bony trabeculae at C4/5 and C5/6
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T8 AT fig 55 483 59 BOiG s BE 3 i fR B A ¢, H
WA HE R I 8] — TR X = B i
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B HYIEIGARTTRL, X483 1 B 3 B R i
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Figure 5 A typical case of the 2A1F group, a 41-year-old woman underwent 2-level CDA and 1-level ACDF a The

preoperative lateral X-ray showed the C2-C7 Cobb angle was 17.27°, the C4-C7 Cobb angle was 11.54°, the osteophyte
was formed at C5/6, and the intervertebral height was loss b, ¢ The preoperative flexion and extension X-rays showed
the C2-C7 ROM was 48.86°, the C4-C7 ROM was 27.81°, and the ROMs of C3/4, C4/5, C5/6 and C6/7 were 7.35°,
6.23°, 6.66° and 7.37°, respectively d—f The MRI showed disc herniation of C4/5, C5/6 and C6/7 g The lateral X-ray
at 3 days postoperatively showed the C2-C7 Cobb angle was 21.59°, the C4-C7 Cobb angle was 14.50°, and the posi-
tion of implants were good h The lateral X-ray at 31 months postoperatively showed the C2-C7 Cobb angle was 27.46°,
the C4-C7 Cobb angle was 15.82°, and the continuous bridging bony trabeculae was formed at C5/6 i, j The flexion
and extension X-rays at 31 months postoperatively showed the C2-C7 ROM was 38.54°, the C4-C7 ROM was 23.93°,
and the ROMs of C3/4, C4/5, C5/6 and C6/7 were 8.35°, 9.60°, 1.02° and 8.70°, respectively k The MRI at 31 months
postoperatively showed the signal of disc was normal at C3/4 and C7/T1
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