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Abstract Objective To evaluate the comparative clinical outcomes of zero-profile interbody
fusion (Zero-P) and traditional anterior cervical discectomy and fusion with titanium plate (ACDF-
plate) for three-level cervical spondylosis, providing a reference to optimize surgical strategies for
three-level cervical spondylosis. Methods In this retrospective comparative study, 113 patients
were included and assigned to either the Zero-P group (n=51) or the ACDF-plate group (n=62)
according to their surgical approaches. Clinical outcomes were evaluated and compared between
the two groups using operative time, intraoperative blood loss, length of hospital stay, visual analog
scale (VAS) scores, cervical range of motion (ROM), neck disability index (NDI), Cervical
Disability Index (CDI), Japanese orthopaedic association (JOA) scores, and postoperative
complication rates. Results Compared with the ACDF-plate group, the Zero-P group had a shorter
operative time and less intraoperative blood loss (P<0.05); the neck pain VAS score was lower on
the 1st day and 1st week after surgery (P<0.05); the cervical flexion range of motion was higher at
1 month after surgery (P<0.05); the JOA score was higher at 3 months after surgery, while the NDI
and CDI scores were lower (P<0.05); the total incidence of complications (11.76%) was
significantly lower than that in the plate fixation group (35.48%), and the incidence of neck foreign
body sensation/stiffness was lower (P<0.05). Conclusion Zero-P not only demonstrates safety and
efficacy comparable to the ACDF-plate, but also highlights the significant value of the minimally
invasive concept in facilitating early recovery. Both procedures have their respective emphasis on
biomechanical maintenance and minimally invasive benefits, providing a clear evidence-based
reference for individualized and precise surgical decision-making in three-level cervical spondylosis.
Key words anterior cervical approach; zero-profile interbody fusion; traditional titanium plate
combined with interbody fusion; three-segment cervical spondylosis; complication
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AN, G AR XA W NS I RE, (RAE VMR FRS (zero-profile interbody
fusion, Zero-P) NOaMiAER. JE4EK, HMERTH Zero-P SEGEMRICAHEF M4 (anterior
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AHIE T AT 0 B 250 et AT BRI 3 T 58 G SR IR HEAL TR AR AR, XF Zero-P 5 ACDF-
plate F A FEHEAT VAL T . AL B P bE #2 IR AL 0 SR G 75 AT, RET 30 min
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METEGE T 2 AP AR E R AR FRYIDKES, SHZ4EE RN
PRIFA 65 b3 R AL B EF 4295 (vsual analogue scale, VAS), X 2 FifitfEpi A i AR X097
BT ARGIEVEAY : G5 4 ANJ7IH, BIRE. M2 TR SRS (range of motion, ROM)
FARJGFERIETE DL, CAMCRORIE PPl IR A TR 5 % WA . AR R A VAS PP gL T
il o P22 Ty BBV ST VEAt SR FH 6] s Ja FH 1) H 4B B2 (Japanese orthopaedic association, JOA)
RO R G8 L STMETh fERE S TR0 (neck disability index, NDID)« #itfE kT % (cervical disability
index, CDID F A£G PR B A 2895 B H 20 10 5 P P S0 (¥ O BEAE PR 5 150 . ROML I
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fE T, 45 BRI R RN R 2 (F=601.183, P<0.001), HiHIBEA G A ZEK:, P45
SRR NG FARITAM S H NN EE (F=10.027, P=0.002), $&/~ Zero-P 4 L4k
BUHERVE AR R HIIR T ACDF-plate #H; B IE 50238 BSOS B Geit % X (F=1.834,
P=0.090), FHPIHKIIRLREMEBIAL . B PEGMIREAR I HTARSE 1
d. 1 J& Zero-P 4%5% VAS ¥E/ME T ACDF-plate 24 (P<0.05), i8] Zero-P AR 7] 5 b i
SRR G B . BT RERESE MRS 3 H R CUSMEEV R, PR R GHE

TE BRI BRRA A 75 T, Y 2EL P 43 PO BRF 1) = 2802 [F) B i 2 (F=870.865, P<0.001), 1iE
SEPIAPAR I BEA BOR R 4 s a iR HH N (F=0.605, P=0.438) A HAUM
(F=0.385, P=0.889) ¥Jgtito#ii 3, HA&RETI ] fUROARAT ¢ F6: 56 th 0 7 oy 20 W) O i 25
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WA E 7T, WAHARGIFBARSGE, H Zero-P HARFFHME LM . KR53
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JEE IR IR 8] =N I AR AE 22 57 (1) P<0.001), BEHITG18 R TR [E € 7720, ARJG ROM ¥4 1)
T R N B R P R AR R R T 23 RN A L) S I TR AE ELARNE e, T
A% b 22 R GRS, SRR AR AR B A TR 2l B2 [ DR B % e 52 35 b R A
M, BB REA RIS B, RJE 1 AR, Zero-P 413MERT JE 15 hE T ACDF-plate
4 (=1.987, P=0.049), £ Zero-P W IF IR B ARG FIASUMERT DI Re. (AARSE 3 H X
KKBEYT, LS )7 ROM St F—5. W& 6.
24 FRIEREZE

Zero-P A AMHASE /A5 R X & A2 RN 5.88% (3/51), {&T ACDF-plate 1] 14.52%
(9/62), HERTGHHE L (P=0.163); MAESH 7R K A7, Zero-P 04
3.92% (2/51), BFHMKT ACDF-plate 41/ 11.29% (7/62) (P=0.022), %% R 5 Zero-P Rk
REC . O BTG, R R0 21 S 4 2R

ARG« MESDRKIR 55 7 IR A TT T, PRZAESSIR I, ZRTCGT e L RET
FA BN AR 5 FF R AEAN ACDF-plate ZHHH B 2 91 (3.23%), Zero-P L TCAHIH B, (H LN}
R LG R L (P>0.05). BIFRAEREZR b, Zero-P 4 11.76% (6/51), fikT ACDF-
plate 2] 35.48% (22/62) (P<0.05), #&/R~ Zero-P Rk 2z S VEEAR, v RBIRTHEH AR
SRR . WK T.
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FAREF A AR i i e TR B R A TR GG FE BE A% AR A, FORS B o
PSR FIAR R A E O E B AR R MU S Cn s )i 5] 38 57U R DA fR &
PO R R I, I 2 A B B AL R AR R L Bh A R AT S
454 Bonferroni B IEBHTH G WM ELIL . Zero-P 41734 i I &% T ACDE-plate 41, %% R
FEJET Zero-P AR R HRALFIEBSTEH . MU FARRAE, HIEHHII B,
AT #R BN 5 AR:, RETMTI DA L. dEAh, PRZEAEFARY) A AT A S A] 1
MZERAGITFRL, HoF Sl R IEAX, X —4RMA3 Meta /00T 3CRE, %
GIHTIESE Zero-P ZHAE F RIS K. AR il & J5 1 8% £ T- ACDF-plate 41, HFARAIGHH K
TRVRI S B — Sk SR, L5 5 RT B S R b e O R F s, SRR 7T PR
Y ML 21 B A PEE A T T v R A 0 2
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R IHC. ROM &% 0o fbr. EEREIN A7, Zero-P 4LI~FI(E B (A %2 T ACDF-
plate L (8.24dvs8.73d), HER LG I X (P=0.055). X Fp{E B[] (¥ 4 40 25 ] G
HRYIAEB A T RRA LRI AR p OB NEA O A, TR A REE T
07 A2 R B B ) SR 35 o Zero-P 4IRS ARG 30U/ VAS FIm P AR, FHITFIR
IE BN 1A% ACDF-plate 4L AT $EAT, IHEARRL T AEBE A POk RE MR (ERAS) 7 RIAR
HEALHEAT, W PR BN RAR I RE MRS, CAHMRUIESE, YA A P 5
MR TG RS A B AR SR P ARt RIE S, SRR R . (EAE R 1R 45
5K I PGSR 2 PR SR R ATS 75 AT M BA SRR FERE S, DAHERR TR A% (i 75 ) TS ZE S M R 3%

TEAR JEWRE I 51T, 1222 5 5 T ARG IR AE W05 28080 [ 5 75 20 D0 R R 2 DA oG
B LR N KT ZR )T AR b o BRI R B YE AR 2O AT (A IL-6.
TNF-a) WEAE KT KIEREAR, IEASUEE . V¥R, FUNERGHMERELN 10
GPa, 15 FRIC/HT Eom B TR R BRAR 41.2%, AT/ AT 35 B 8 b S ARBEE LA
28, G PRBE VT UESE, S0UHERT B R A B FH ARG 3 H, Zero-P 2H NDI 3541 T- ACDF-plate 4%,

ke ROM 1E R RSLEN J14 B8, Zero-P ARG HMERT B -/FHIESEEARE 1 0
W2 T ACDF-plate 2, X 5R VB THFRACEILT BN 8. SR AL A BARES (1 33
PEI E B YIAR G, AR G ERAR I TE B 58 5 S BT AR B BBl . 7] M (] e AR AL B
AR JGIBAR R BFE W, RATA G 2R WAL R %8 L AT TRRMAS 1 H
Zero-P ZHLHMEH) i FE A RFRE AL T ERAR AL, 1X— SRR AT AR YR T~ Z D) 20 RN WS A TR B2 1445 85
PER LT3y B RS SRR G 3 A BBV £ 3L, ACDF-plate 41 ROM t 36 76 A PLHIE T 5
NG, Zero-P AN REE S, HANZF LS L, X 5HRHEFR R PIAAR
AR e S ) 5 P 24 5 SR AR 2 (R A IR AR s A IR 7 I R S R S U )3 T B A 2
ROM %R LGH2558 X, BERE Z AT Zero-P AL{RE T — M ROM, FAHER] &% F ki
JEE g% 1o T A 2L A 52 M0 s PR 2850, 487 o K B U o A P P Sl P 7 A ) o P A s
GIRF, 5 Zero-P A FNERFE SR T-REG HTVE SN EELREE o 340, AR MBS AR L,
TR M BHEE LG AR — @ s, FIE— @R LI AR R . 534k, X
T EUME A B R VR, = BOWAR LSS LE R I YO, TR T R A AR A EE
1 RE AP R, = BE RN U B 5 R R S AUAE AR 2 0L,

AHEFEH, BEARIG 18 H RS HTE 94%~96% 2 1], RIEF] 100%5E4&/E. X5
WBFARW RG] W) A R O K. IR B, BRSO — B AR i
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6 P9 T8 SRS I PRAEIR B B, AT A IXE TR R & M AEA &G o &Sm0 T =5 B
A, ARJE 18 RIS E H Al T 540, & EACHIRRED; A e & Rt & 4 )
3.3 REAEFERESFRERERRL

TERJE A TG TR RS T, 454 JOA SMEYES> . NDI Al CDI =% 48, AT
2 PPl AR SO B ADE TR RSN, JOA BT/ 45 R SR, ARJF 3 H Zero-P 4iE4y
W% T ACDF-plate 41, TARRBEVII BIZLIFIr 2 RIS 5 X (P=0.145), XILRE
I AR AT IEA S5 HIISME T B, 8 S SE DB S D) RE bR G 1 R 3, 1T e BB Uy
I EE, PRADIREMKEE T — 300, KRG 3 H JOA SGEEIKE, Zero-P HIRRZFN
92.2%, W& T ACDF-plate 011 85.5%, {HMAHZER TS T ERE X (P=0.269), HH Zero-P
AR 23 & B 66.7%, ACDE-plate 2 58.1%, 22 B ZV)7F A 70 R B 35 1R THEARAL B &,
HATEm R ARG LG, BE— PR EHE R EThRRRE .

NDI #1 CDI #¥73%f SRR, IMAARFI PR LS iR, TARSE 3 H MR IREEVTI,
Zero-P A T4 1) B E K T ACDF-plate 41 (P<0.01), HBEUTR ALK, Byl Ridt—P
P K. GG =TRbR5 AT W, NDIL. CDI V43 58 0 2 T VP ff 304 T e b g f £ 3 H o A 3%
(¥ SRR, HAKHZE 7 2, R\ BYIEA QAT 58 A Mo o B H w3 6e ) Kot
PRARRE . DRI R AR, X 5 RUNE > A SR BRI (R B A
PIARSG: 1 JOA VR4ySE SR A T3 A S W IhBe RS, HER T ERIERE I, UMW
P AR 2RI T R K BORARIL, (HE )R M WS H L BRI LhEKE, Hifh
AR AT Mokt SR ST RE R A IS, B Zero-P ALYEAR 5 7 1A 1 S0ME Th B 250 58 12
%, BB ERE, SIS e P g

ARJG I RAETT I, AT E S GeTt 1 AR ANE/ AR M R 250350 e 4 e/ AR A 45 IO K
RE SR I RIER AR, A5 AR BHRE S0 AT T Re I SO 22 57 (SR R U2, LRI, W4ELPE
B AN G AR R e AH AR BORAR . BT RA SN DG FE AORE I R AR 2 B3 TS5 2 57
(P>0.05), BEHIPIMAR ALK LI RAERIBT 2 RBCRAHIT, Herb M AN 3/ A IR A O AE
B SIATRAGURIMAE G, B Zero-P HLRAEFISL, HARBFGI¥E5%, WRESHEAR
R s s AT 52 P8 72 S DS AT BB AR ) R A E 5 UME IS ) 4 A U AR, AR AR
AT e A b, KA R 22 RWENE T & E KA 3 fae v LAt B
Zero-P HFRFYIER/MBME K E R (3.92%) EET ACDF-plate 41 (11.29%) (P=0.022),
MIERIERAER (11.76%) tBEZEKT ACDF-plate 41 (35.48%) (P=0.003), XZ&EV)EAR
AAEIRIERT 2 L0 A, b R B, ZY)7E R G0R AR B — e i, o/



ONERAR FT s/ e g ok S S AL R P R 88 Gl A S BRSO 5 P 4 B 4 3 S ) 5
YIRS WIAERE; R, TR G A AR VE A, D R R SN,k
A BRI IE R AR o B4, ACDF-plate ZHURETHAB/ANBRAR G HF AAERI L, W3RN
PE € 2R G0 AT REAFAE SHEVRIE FCIEAS A2 1) 171 2 D328 — R A e v AT ol b LR U I
i, TR PR R IR RO R A 265, BT L, Zero-P AR XA S PR A S5 i R WU, HAZ O
DUIAAE T ST S V) MR A K 2, X 5 TR A BR it Ik B SR DIAR G,
it PRI 7 BEARE R ETEE S Zatk.

3.4 ARAMH. RREEFRRE

Zero-P [IZ ORISR A AR LIRIBEN, RJG WD REIRE R, — Attt Sfmi )
JIFRENE, ZARESRIEE S, RN AR, TR, DR H
I, FEBHLR RS DR LT rh 7 R BRI P, A% Gepibi i & AU AE [ 72 78 52
Y5 1 E e B BAT RS, WIVE [ E vT 5 i 1 BRI IR 1, 3 T B PR
A IEHME S 5 M B2 BOW AL B TSR, REIEMCE A IAe R, HARARBUIR. 4%
AREGH 2SI F22, FESUHES TR IE b B AT AL,

AT TE S IR AR L B AFAE — € SRR VE . ASHE TN RIBERT 7T FEAEAIR, BEY;
W, shZ KEZ POEIEE 2EHE S, OB ML T BORAE (ASD). & 4%
MU FFARE s AR ZUAE G R M L AL . MR AR . SR AW B AL AR R R A
PRBCRATIR » B ¥ B 52 22 o FLoi, AR FER BE R e R AR 75 C2-C7 Cobb ff1 T1 slope
Je SVA SEBAR IR -T2 55, AR BEIR NSRS W Rh AR 2L =5 Beia 0 107 T AR = LA o
AW FERIIT e 2 rhLoBEHLX BRSG, 3 RFEAS R AE KB VTG 52 5 AE DA, Aifb i
WETrik, SEARTINr Sahscs, o —DUsPAARED AL kR A A
AR AL FE e T M ST ARUEAR T -

£i EFTA, Zero-P 5 ACDF-plate if77 =17 BN R A — IR IRACR . TR
KA BEASG IR RIPEWIDIRE . 455 ROM DL ST 8 AR 00 o B S O BT T 034 S W)
‘. ACDF-plate fEZEFFA 5 BIZ] K R Ae g PEAAL B — SR o ) A7 — e i %y, (HIFK
RE R A A, T H P AREIECR.
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Tab.1 Comparison of general data between the two groups [ (X £ S),x]

Fused . .
Sex Types of cervical spondylosis
segments
Group n  Age (years) - -
Myelop-  Radicu- Mixed
Male Female C3-6 C4-7
athy lopathy type
Zero-P 51 52.69+13.69 23 28 23 28 12 14 25
ACDF-plate 62 54.40+11.92 30 32 29 33 15 11 36
t/? value -0.712 0.122 0.032 1.622
P value 0.374 0.727 0.859 0.445

®2 WARETRYER KM R (X +s)
Tab.2 Comparison of perioperative indicators and intervertebral height changes between
the two groups (X S)

. ACDEF-plate
Indicator Zero-P group tvalue P value
group
L . 139.90+20.0
Operation time (min) 125.59417.89 0 -3.97 <0.001
. 150.02434.3
Intraoperative blood loss (ml) 135.63427.14 8 -2.43 0.017
Length of stay (d) 8.24+1.18 8.73+1.46 -1.935 0.055
Surgical incision (cm) 5.6140.62 6.5440.71 -7.35 <0.001

Preoperative intervertebral height (mm) 6.1240.85 6.0840.88 0.23 0.802
Postoperative intervertebral height (mm) 10.35+1.36 10.29+1.40 0.21 0.837
Difference in intervertebral height

between post-operation and pre- 4.234).72 4.214.75 0.13 0.901
operation (mm)

3 FAREEAREARRE ST SR EARA VAS PP HBI(X £59)
Tab.3 Comparison of VAS scores for neck pain, limb pain, and numbness between the two
groups before surgery and at different time points after surgery (X £S)

Independent t-test

Zero-P grou ACDF-plate grou
Indicators and time points group plate grodp

(n=51) (n=62) t value P value
Neck pain VAS
Preoperative 5.69+1.36 5.95+1.36 -1.031 0.305
1 day after surgery 4.394).94 4.98+.11 -3.021 0.003
1 week after surgery 2.4740.73 2.7740.84 -2.029 0.045
1 month after surgery 1.8840.68 1.9040.80 -0.147 0.883
3 months after surgery 1.2240.61 1.3540.52 -1.314 0.191

6 months after surgery 0.8640.72 0.904.71 -0.298 0.767



Final follow-up
Limb pain and numbness VAS
Preoperative
1 day after surgery
1 week after surgery
1 month after surgery
3 months after surgery
6 months after surgery
Final follow-up

0.414.57

6.0440.98
1.9840.65
2.0040.63
1.8440.61
1.1940.63
0.6540.59
0.3940.57

0.34#0.57

6.15+1.05
1.9240.68
2.1040.62
2.0040.62
1.2240.64
0.6340.61
0.3740.58

0.676

-0.549
0.483
-0.819
-1.337
-0.247
0.159
0.195

0.500

0.584
0.630
0.415
0.184
0.805
0.874
0.846

R4 WHARBEAR)E JOA FHETD . R 3 AEEBR LM RERHE[(X£5),n (%)]

Tab.4 Comparison of preoperative and postoperative JOA cervical spine scores, 3-month

postoperative clinical efficacy grading, and excellent and good rate between the two groups

[(X%5),n (%)]

JOA cervical spine score

JOA cervical spine clinical efficacy

grading at 3 months postoperative

Group
. 3 months Final Excellent rate
Preoperative . Excellent Good
postoperative follow-up (%)
34 13
Zero-P 8.59+1.08 14.5740.78 15.1940.72 92.2
(66.7) (25.5)
36 17
ACDF-plate 8.7740.95 13.74+1.16 14.9840.79 85.5
(58.1) (27.4)
t/y? value -0.974 4.346 1.467 1.22
P value 0.332 <0.001 0.145 0.269




®5 WHRA. R/E 3 HEARKBEYT NDI. CDI P4 (X £ 9)
Tab.5 Comparison of NDI and CDI scores between the two groups before surgery, 3
months after surgery, and at the final follow-up (X £S)

. . . Zero-P
Indicator Time point group ACDF-plate group t value P value
Preoperative 38.2144.12 37.83#4.31 0.512 0.61
3 months after
NDI 12.51+2.66 14.1942.80 -3.14 0.002
surgery
Final follow-up 8.33+1.94 9.6142.12 -3.45 0.001
Preoperative 32.583.77 32.1143.93 0.542 0.59
CDI 3 months after
11.83+2.31 13.6242.58 -3.671 <0.001
surgery
Final follow-up 7.45+1.60 8.91+1.82 -4.211 <0.001

K6 MWARFEARER. FHIET W ROM HE(X+s)
Tab.6 Comparison of cervical range of motion (ROM) in all directions between the two
groups before surgery and in the early, and middle -term after surgery (X+S)

. . . Zero-P group ACDF-plate group Independent t-test
Indicators and time points (n=51) (n=62)
t value P value

Forward bend ROM (9

Preoperative 43.37x2.71 43.8442.20 -1.008 0.316

1 month after surgery 8.94+1.65 8.40+1.22 1.987 0.049

3 months after surgery 22.3542.83 21.97+2.59 0.754 0.453

Final follow-up 31.6143.70 31.3444.02 0.367 0.715
Back extension ROM (9

Preoperative 43.59+2.15 43.50+2.28 0.210 0.834

1 month after surgery 8.57+.14 8.19#+1.24 1.662 0.099

3 months after surgery 22.09+2.71 21.6142.47 0.993 0.323

Final follow-up 30.59+44.03 30.7443.83 -0.207 0.836
Lateral flexion ROM (9

Preoperative 43.75%2.09 43.8242.15 -0.193 0.848

1 month after surgery 8.33+.14 8.30+1.05 0.130 0.897

3 months after surgery 22.1442.72 22.4242.19 -0.610 0.543

Final follow-up 33.3543.71 33.5043.53 -0.215 0.830
Rotate ROM (9

Preoperative 55.7142.68 55.1642.09 1.212 0.228

1 month after surgery 14.4541.43 14.2941.50 0.579 0.564

3 months after surgery 26.6942.67 26.2442.65 0.884 0.378

Final follow-up 42.2743.06 42.9441.91 -1.402 0.164




KT PWEARBEERERER R BIFRIEREZI N (%)]
Tab.7 Comparison of the incidence rates of various postoperative complications and total
complications between the two groups [n (%)]

Types of complications Zero-P ACDF-plate t/y? value P wvalue
Dysphagia / Difficulty in

ySpnag YN 3 (588) 9 (1452) 1.95 0.163
swallowing
Foreign body sensation /

. g . y 2 (3.92) 7 (11.29) 5.21 0.022
stiffness in the neck
Adjacent segment

jacent g 1 (1.96) 4 (6.45) 1.42 0.234
degeneration
Loose screws [/ Steel

0 (0.00» 2 (3.23) 1.67 0.196
plate related
6

Total complications 22 (35.48) 8.74 0.003

(11.76)
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Fig.1 Intervertebral fusion status of the ACDF-plate group and Zero-P group at the final
follow-up
A: Male, 52-year-old, surgical segments C4-C7; B: Female, 46-year-old, surgical segments C4-C7;
1: Preoperative sagittal T2-weighted MRI of the cervical spine; 2, 3: Anteroposterior and lateral
cervical spine X-rays at the final postoperative follow-up; 4: Sagittal reconstructed CT of the

cervical spine at the final postoperative follow-up.



