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Abstract

Cervical spondylotic radiculopathy represents one of the most prevalent forms of degenerative cervi-
cal spine disorders. It commonly arises from mechanical compression or inflammatory irritation of
the cervical nerve roots secondary to disc herniation, uncovertebral joint hypertrophy, osteophyte
formation, or narrowing of the intervertebral foramen. Patients typically present with neck and
shoulder pain, radiating upper-limb pain, sensory disturbances, and varying degrees of motor weak-
ness. Although anterior cervical discectomy and fusion remains an established surgical option with re-
liable decompressive efficacy, its inherent drawbacks, including loss of segmental motion, acceler-
ated adjacent segment degeneration, and approach-related complications such as dysphagia, have
prompted growing interest in motion-preserving and minimally invasive alternatives. Percutaneous
spinal endoscopy has increasingly been adopted for the management of cervical spondylotic radicu-
lopathy. By establishing a working channel through a small incision, this technique enables targeted
removal of herniated disc fragments, foraminal enlargement, and nerve root decompression under
direct endoscopic visualization. Compared with conventional open procedures, it is associated with
less soft-tissue disruption, reduced blood loss, faster postoperative recovery, shorter hospitalization,
and preservation of cervical segmental mobility. Various endoscopic approaches, including anterior,
posterior, and biportal techniques, have been applied in clinical practice. Among these, posterior en-
doscopic foraminoplasty appears particularly suitable for patients with unilateral radicular compres-
sion, lateral cervical disc herniation, or foraminal stenosis. Accumulating clinical evidence indicates
that percutaneous spinal endoscopy can achieve meaningful pain relief and functional improvement
in appropriately selected patients, with an acceptable short- to mid-term safety profile. Nevertheless,
its outcomes are closely related to strict indication selection, surgeon experience, adequacy of de-
compression, and effective prevention of procedure-related complications. Further well-designed
multicenter studies with larger cohorts and extended follow-up periods are needed to determine
its long-term efficacy, safety, and role in standardized treatment strategies for cervical spondylotic
radiculopathy.
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FHIT s HGER 75 T AR A 6 TF RIS 8] 7 T B — e %, A=Y AR R [29]. S A B 7okt PECD 5
UBE keyhole i ARIGI7#EAR B SIAER AT T 2 SEREVT HLEE, RILHA ARG VAS. NDI A& MacNab 14y
PR AT R S, 1878 UBE HAR AR I A 23 [ RN 2 R 2 R TG T, 5350 43 52 Z1 M ) FL e A5 B
PR R ) o A T TE B R A EL[30] . Zhang 5544 BN U TE P A 1B]FL SO B ME R B VIR AR 5 e v
TIBARAEE A, F T 697 C i 205 3 AR I P2 I e AR B S0UARE S S8 3, 45 R R ARG 300 . R VAS
Vo> S NDI VR RR R R, HoR HB™ 8 BRI R3], XL AR, SR ERNEREAIE
FE R — R 2 N B 2 B B AN MR AT TT 7 ) R R

4.2. WEERTTIEMN

28 AN BB YT W EAR BUSIHERS 10T RO A BECURK e — T A7, 1 BRI fR . ThEE S
MG ENGE . BREFTFAREO I RAE R A RS RS0 AT 256 HIWT . BRI, VAS
FINRS 2855 A TR, s AHIEF0E 5 20 S0 5% S50 2 A SR R AR 5 O, U B 28 4R
TR G RERCE AR B . IRV 75T, NDI B BN 2, Reie I BB b J 2 H 53 AE 7 1)
oM B S R A JOA P43 NPDS P43 It R MacNab i, H TANA WALt DhRe Ik J 3%
WL o SR VAN T 32 BOGEME M ALY R 0L MEARIBUE & B 7870 MER] BR = B2 A8 1k . 2iAfE Cobb £
WBUEIE U ARG RE HIA R T2 BB BRI G RRA 74— BE T 1 B W A
PR, IEPEIESR AR B T F T4 Bh e AL SRR AR, AT S ) Yo e I HE R PR, JRE— B R b
BB I RIT 2%4(32] -

KIHABE V7 25 B R VPN 4 5 B FE N Be R BE B 7E 56 7 BB P S AR EE D il R 75 SR I B AR
Paik 55 5 % 4 P B ST AE (] LR AR TR T SI0ME ) 2 €t sloafl (] LB A% BB 3 30 AT T RE USRI 9, LGN 52
B, BEVIHARI M EE NDL. 200# NRS. /8 NRS LA RS ASAG E IR AR . TF R, MERE R H
FIMER] LB A BB ARG IGIRES R R AR ERARE, BERRI ARG SE, s %S 8N
FEX AR E . AN, BRAFR SRR AR S5 A 7 O IR AR e . I R S D U TR TR I AT RE T [33].
Wang 5§ 2025 FFRIE [ 5 #8402 B SIHE (R 8 I BR ARG 9T 5015 B AR B SOME S (1 22/ 3 ARBl U 45 R .
PRI 51 B, RIFTUE VAS. LHJE VAS. JOA $F43Fil NDI 3P40 B AR BT 35 0, Rk
Pilf MacNab 8 K RIiEH] 94.12%; [HI, FiHE Cobb A IHBNEE . MR B E T LT AR B AR H B
B AN RARK[34]. XS5 RULHH, fEAIEIEMNIE R, P-PECD AMYAEHE IR A3 B i) rh KRR B A, 38
A RETE SEHRESIUMEAR E PR BOE B0 ThRE 7 T H A R 35

A2 R R AN T A 2 5 A VAN AR T SR BB R AR 10 B ARG 43 o %o A AR R U A
HE, IT BRSO MRRRR, ERE4 R BLrt (A] . b ARG REE i RRIKE TAERH % 2k
i . Monk %5 H# T ACDF 5 Al PN B3 )5 6 STUREATE (R FL SO ARVR 7 BN SRR 2 ARG 1Y) 1 AR LA - R0 o
SRER, WABEBETFARPZEME. 90 REABER K | FHFARREE, BEMWELRBFEHEK
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#; {H ACDF A 1 R WM BE =S T RMABEITARE, IRHBEA - SRR EUR[35]. XKk
R, TR, RSB DOMERIALEAMU Y R 0y HIC W BT BRI 8, SR BRI s B TR
FREEAT S “TEES . REIZEITT B FERIRST AR IR H AR

SRS, T 5 S E ARSI, 2R SR T I ZAR SR B AT D) /b /b
BAHL RO KR (BT (55 L R B SIS 3 T B . HBOE & A5 B S e ARAE IR B
W BRI S IR R 2. EW] B IHEAT U BES2 IR I . 3T R B ERR
FEEEEMEE DR . MR EAI AL 2 BRI ARSI SRR, TIRARTE AR R R
ARG DUE AR AR TN R Z ol REEAS, BTBETERENLG KT, JF4i— VAS.
NDI. JOA. MacNab bk, SRS HORAE EER ST RO IR R FIN, @M EEDI [, Bl
WA RIS . ANFIABERSE A [RGB 3 S AR 2 51 i 2o iz 077 R0 22 4 VE KIS0 . Dinh 2531 )
IR TR B A B BOME (8] SLBOE S BERZ R BR AR B 12 S A BE VT F0 R, I BORAE R A A B 1 i
RRISAR A 45, WO XA R By 7 #0858 R 4 iR Rt 1t — 2P 2 %(36]

5. £ BEHEARRTHERF SR
5.1. BARGIH

TS, ZREHNSERANEREERR. ECEAHREEGEE X LR “/NMIOFER” 5 “MH
BLHEIERAR” , MAZZEEH MG T PLE NGB, SiE Tl B a6 ARG ARk, 7
BT — RS RS AN SEIRSHE R B T A SRR T . R U, ARTNEREORIEEE, IR R
BUAEDT VAR /N HA LD o A B B I 4 R X 2 75 D, B A ) TR B S AR A 77 IR AE R A8 4K . Kwon
Al Park ZEAHSGLRIA TR, ARNEEHIMIRBE S, HHEZETEIH. BRI, BRI,
MLAS N LA R e i R S5 BoR R & R b, 3 B RPE T3 o T R 8 A7 9 HE A PR ROR A 1 22 4
[37].

MIERSERKE, &EEHNETFARRBEACG N MERERS, HEWAAERI XA
bR EABEM . BRAES A PRGN JCHIR R MM a R R B R AR, R AR LR
JRI A, IO PRARET T 58 BORS HE DR s, XN R E A0 R ES . Hahn F1 Park W\, . HLEEA
A=A AR TIN, A BT VR %D P9 8% T A E R AR 2 () 0 07 5 THI AN A2 5[]t T g B A1 2% >0 i
25, MZHEAR LS 5 S AR EALHE) T [38]. Hagan ZE B4 3, S SR AR A6 5 5 B R 38 58 iR 1
FUWTHER] AL MRS S . 2705 BopeAs S 2% XIS Al 6 B, AT 92 R s A2 AN 32 S80I ik e A A2 B R R
PRI 14].

PLAS NI AR M ZE B A W B R AL R R AR TRl B RN B F AR, FllRE. T
RIS A DA R AR AL TR AR KRR PARAR H 208, MHLEs ARSI RGNS S, GRS IEARTTRURI R
AR PAT 2 TE S RS E X RO R o R S AURIALES A4 B E TR Re s 4 o e A0 F0 B AT v Pk,
WO ARHIEREL, 75— EFERE F R AR AN U %2 8% « Schmidt %8I\ R, ¥ SN RGN T4
WNETFAR, AL DA FAR PR EZRI B 7, RFT AR R AR R 298 B bs
BIN—3%[39]. Sharma SE@E— 0 M4E T 4B TN, =4k C B T ORI L RALEE NERTE N B
FARFFIN, AR EEH M AR A B T4 B MRS B b AR PR RS, AT HE
FARZAEME[16].

BT SHRHLEEN, WNEREAGHERNTIH. LENEREELHRIA “GEER” A “RefR/E”
T B AE DU B0 B AL R PR TS IR L v R R Ik L S AL I 22 Ak DL R B T BE RS RS 4IRS . Yuh
SN AR KRR AR, SiES k. TE MR B RS0, (AR S8 & ARG b B 5L, 2
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KRR GRS SE A J ) LR [40]. IXLECHES BUR T4 0UZ AL, Esebs L BRmA
AT ] B PR AR PR VR RCR . R R AE SR RIS R A . i i
LMD, SIS AR AL 5 TR & VER DI

FEFAMRIAE BE BRI, WOCHIBY . SHH R, 7725 25 ORRT L A A A A
FIRRPPE NS TR . Hellinger 55 FUEL T2 AT SHEBO G EAR 5 W EHER B VIREAR, SR BobHH
BGYT IR G T A [, T RAR R R BT 4% (5 B R AT A S W[4 1] PRI, 5
AREFIFABRE RACER B F I BT B, M2 ZHEH R IEN RS E R B . SErmE
MEBHFARI A KK, EECEHEAGEOROA RN ENER Rk MmN, @k
PRl B AR 247 3 T 4 AN 0 B ) TR KU

5.2. IGPRIERAEFR R

2 SR FEN BT RO I 7 B EME IR B S HAE, R B MR R R S B A AR IS
o FEEBL TR SOEESROR . il IR R G PR S e & e, N A Cae By K. B
15, WELBORACAT LU T BEMENR B 5% HOAE , 8 S P T AR A P o A TRD LR . SUAE AR 2 AR
A BOHER S, LR RYITh SR GRS S . Gunjotikar ZE45 ), BUCHBCE M Q2 H
AUMEIR) LI RR, BT e A S DA D SUME O V6T UL 73 il TR S5 15[42] - Lokhande
WA, EWNBEETARIEFERA R — RMEPE SRR, AR S BRI AR B R, HH
Bt/ RJEIRERETTH[43].

FESMES T T, W BRI AR RICHAE AR . SUMEX ISR R 25 0%, B RE. MR, HESIRK
LEEAEE TS RARE, FTARZEERT m. M TR S, 58N B
DR B ME 8] 25 AN ST 15 B 3 B 5 T RAT — 5@ %5, JUHE AT MU AR AE TR B 5 Y« A 1] LA 7 i o
MM LN o Zhang 55 Meta 70 M7, 28 Bz A BESIUE (A1 BE VI BRARAE SR AT« 2508 ThBEAN B4 22
VIR A BTSSR, A SIMEIRAR PR ) B RTER Bt 1 O (B AR AR HE [22] o

1N AT PR B 28 RO A A B (19 3 B 3 AT TR S LR T4k, WBEORIE R G
I 2 MR B B TP ION ], O IRPRIG T SO TR B . ARG TR BIGIARXROR, X mbd &
FLOMIIRE . BRI 52 B AR J5 RER AE D EORBOR . MINBEF AR TUI0/N A, mif &
A, B EEE S RS EE . AL, RATWRZ 7 AES], b B WA B SR O i R
Wi BERRR . KIIPUEEH 2555 m L, FARRES I A PUOR A SRR e 2l k. Bk, XHXREE
TFREAGT AR, HHEEIARAPEA . BT, i Eh AR SRR .

Table 1. Comparison of the characteristics of ACDF, anterior endoscopic surgery, posterior uniportal endoscopic surgery, and
posterior biportal endoscopic surgery for the treatment of cervical radiculopathy

3 1. ACDF. BIEEAHR. FEEBEBENRSERNEENRATHERETHERIE R

Bt H ACDF IS A BEAE R B DT AR Je iR BRI 42 A B Je R U E 8
TP T A ) £ 5% FEE A kAR (] B I8 NIES I B L TE A

e BBORRG MER JCHRp Mg bR RERE TR R B BOAL, (E R R
BRIRFAEC AR R SEMAENREIRE . Rk, THZ  MXTER, EEaHs

EEER B, JUHEARE TR B SAMUBHERIA R M AR, R

U RIOTRE. R AR R LSRR R A 4 ML sk
e R T A B R, BN R b 1 R B 5
Rt P 2 I T AL i,
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5.3. REMRSME
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AT 1GIT T TAAD AEG EE R R B SE ARG NAIEIA S R

Chen ZE#8 1, BREFHEN
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NPT RG0SR R AR R R A R B AR DU EAT S A T

HRARFARbFHEL T . Burkett A1 Brooks I\, £ R AT P86 AR R FVE AT, EHCHE) 75
SRR AS . FIMA R BORTTHICL R IX B 77K 22 R AR TR R M [45]. fEIRIR e, AFRIEERL
AFEARE XS WG F ARG NS BETEHE ARG RE T ZEB AT 28 XESERIT
MZES. Fl, KREDEETHESG—WHEARRE. B ERTSOrME R B, S ERHAE B
AR B A HERE, MVEARBTRIPAE A,  BE AR IBUE TS PR A WRE, IR SRR MR
KA AE -

HRAE B P [T A AR BT TEANBE I BE I e Ju A Lee fiHY,  PBEAAE TR H I AAE B35 el 5 447
R BT BT ARG LUK R RS, AR T AR B AIAN [R5 42 15 BT i £ X
S I AHF[46]. BT TR, BIH NBBORERIEANKY K, AaE R Me s, Eunimag
PP EL RS . AR AT LU 57 2 O R A SR EE B, 0 PR AR RELLK. MBS
o JFROERM, P ARFNAGE R AT ES LS, T E PP 2R ) 22 4k

BeAh, ot KREA. KIIBEVIIT TR AER LB, B ATAND OG22 BOE FE N B AT 7T 73 DL B
O BIBPERTFON T, HEARAR, BV RSB . KRR IT B IR A4 0 BB BOR AT AT P AN
YT RL EX TR R AR HPARE M BORAR . AR s UL AT PR e S 1, E
AR 75 . AR ZIFRATIEIE. ZhO. BENIIRBETS, Jf S iRkt 4R datn . AR50
bRy BAZGEAARIRAIF AESR RN G — 1R R o X RE 7 E S 4 i 0 W 22 B A N B EORTEAN TR
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HAE IR ANEGT, RAKIGT AN REBIRAIR, NLEEHRIRART B RarEm. AHREk.
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6. /&5

20 BOA A A BEBORHES o AR Y SN v 7 e PR A I e () e 2 T REVR B . 15 B 3 DR B AN 1)
Pl ZR G AT FLRM, XN TIUEWBWIM. RS AR LRI 2. KW R e AR s
Bl 52 I (0 R, 22 B2 A BT I T R R R O R BEA L T ORHE IR SLAMUR AR 2R, A SR A P O D 2
Ao HARAAMAET UL/ W DFIKE R, FAETHRATBL B AR 52 5B F R T Ok B 25U
IR PR E A RS AR T 1E 8 JUIAESMI YA AL SR L AR ) LR A B SR 2R P e
AR, 5 B A BT IA] FL R A B SO TE A G5 AR A e B L

H28 SR HEA BT AN BERRT R B AR ST IR & TR . TS Z e R TRATRB I, . 5UE
TBUEAL. NBRIEFE. SR R RRE LRGSR . BTH N GOE M T3 SRR B, (Et
WHEEME . VE . BB RGRMZ, BRIEXREE; 5B 8 E S HER LM, (H R S
A REKATRYI I 2 P BOTBONERTT B . XUEIE N5 R GE T B A M R, ekt
PRI 0z AL ORI AR AL BB S R 2R e AL, AR R R JRE A% 0o i 3 ] SR A
FIVPAT S FTHES T ORS HERE A R

JEBEWT TN T e 2 oL RTIE TERENUN RS, LRA AL B, OETEN S, B8 T HENR L

DOI: 10.12677/acm.2026.1662477 2551 Il PR 2 2 3t


https://doi.org/10.12677/acm.2026.1662477

FAME, XA

PIJFAR K ACDF @iy . BPARRE. TWBAEEM AN 2t 2T MRIL CT =4 i 2/ il
ERBIESIARRT A, WA ) R 2R B e N BR AR R AL 5 RSB GIEC B A RACE . BK
L ST AR R BE— B IRE S HLas A BRI SEAE B R RGEFRIREOR T T #2714
PETT T L SEAME . RAEIGEIESR . SORMNE . BIlA RAKIBE U7 L[] 58 38 M SE At b, 2 A
A RERSON A R B SRS HE VR 9T P IR AT 5

SE K

(1]

(2]

(9]
[10]

[11]

[14]

[15]

[16]

[17]

[18]

Kazeminasab, S., Nejadghaderi, S.A., Amiri, P., Pourfathi, H., Araj-Khodaei, M., Sullman, M.J.M., et al. (2022) Neck
Pain: Global Epidemiology, Trends and Risk Factors. BMC Musculoskeletal Disorders, 23, Article No. 26.
https://doi.org/10.1186/s12891-021-04957-4

GBD 2021 Neck Pain Collaborators (2024) Global, Regional, and National Burden of Neck Pain, 1990-2020, and Pro-
jections to 2050: A Systematic Analysis of the Global Burden of Disease Study 2021. The Lancet Rheumatology, 6,
el42-e155.

Tsalimas, G., Evangelopoulos, D.S., Benetos, 1.S. and Pneumaticos, S. (2022) Dysphagia as a Postoperative Complica-
tion of Anterior Cervical Discectomy and Fusion. Cureus, 14, €26888. https://doi.org/10.7759/cureus.26888

Huang, X., Cai, Y., Chen, K., Ren, Q., Huang, B., Wan, G., ef al. (2025) Risk Factors and Treatment Strategies for
Adjacent Segment Disease Following Spinal Fusion (Review). Molecular Medicine Reports, 31, Article No. 33.
https://doi.org/10.3892/mmr.2024.13398

Huang, C., Fitts, J., Huie, D., Bhowmick, D.A. and Abd-El-Barr, M.M. (2024) Evolution of Cervical Endoscopic Spine
Surgery: Current Progress and Future Directions—A Narrative Review. Journal of Clinical Medicine, 13, Article 2122.
https://doi.org/10.3390/jcm 13072122

Huo, L.Y., Yang, X.X., Feng, T.X., Li, Y.D. and Wang, P. (2022) Management of Cervical Spondylotic Radiculopathy:
A Systematic Review. Global Spine Journal, 12, 1912-1924. https://doi.org/10.1177/21925682221075290

Margetis, K., Magnus, W. and Mesfin, F.B. (2025) Cervical Radiculopathy. StatPearls.

Kim, M., Park, Y., Kang, C. and Choi, S.H. (2025) Cervical Spondylotic Myelopathy and Radiculopathy: A Stepwise
Approach and Comparative Analysis of Surgical Outcomes: A Narrative Review of Recent Literature. Asian Spine Jour-
nal, 19, 121-132. https://doi.org/10.31616/asj.2024.0465

Sarwan, G. and De Jesus, O. (2023) Electrodiagnostic Evaluation of Cervical Radiculopathy. StatPearls.

Wang, Y., Chen, X., Li, X., Wang, D., Rong, D., Sun, Z., et al. (2025) Magnetic Resonance Imaging in the Evaluation
of Different Compression Locations in Patients with Cervical Spondylotic Radiculopathy. Journal of Orthopaedic Sur-
gery and Research, 20, Article No. 611. https://doi.org/10.1186/s13018-025-05864-3

Jiang, D., Lei, S., Hong, J., Lin, X., Chen, R., She, D., et al. (2025) Grading Cervical Neural Foraminal Stenosis via 3-

T MR Nerve/Bone Fusion Imaging Compared with T2-Weighted Imaging. Insights into Imaging, 16, Article No. 218.
https://doi.org/10.1186/s13244-025-02094-3

Meacock, J., Smedley, A., Sinha, P., Igra, M., Macmullen-Price, J., Jayne, D., Stocken, D., Currie, S. and Thomson, S.
(2025) Radiological Cervical Foraminal Stenosis Severity and Morphology as a Predictor of Pre-Operative Function and
Functional Surgical Outcome. British Journal of Neurosurgery, 39, 675-683.
https://doi.org/10.1080/02688697.2024.2376647

Gunjotikar, S., Pestonji, M., Tanaka, M., Komatsubara, T., Ekade, S.J., Heydar, A.M., et al. (2024) Evolution, Current
Trends, and Latest Advances of Endoscopic Spine Surgery. Journal of Clinical Medicine, 13, Article 3208.
https://doi.org/10.3390/jcm13113208

Hagan, M.J., Remacle, T., Leary, O.P., Feler, J., Shaaya, E., Ali, R., et al. (2022) Navigation Techniques in Endoscopic
Spine Surgery. BioMed Research International, 2022, Article ID: 8419739. https://doi.org/10.1155/2022/8419739

Lee, Y., Cho, D. and Kim, K. (2024) Navigation-Guided/Robot-Assisted Spinal Surgery: A Review Article. Neurospine,
21, 8-17. https://doi.org/10.14245/ns.2347184.592

Sharma, A.K., de Oliveira, R.G., Suvithayasiri, S., Chavalparit, P., Chang, C.C., Kim, Y.H., et al. (2025) The Utilization of
Navigation and Emerging Technologies with Endoscopic Spine Surgery: A Narrative Review. Neurospine, 22, 105-117.
https://doi.org/10.14245/ns.2449404.702

Ahn, Y. (2023) Anterior Endoscopic Cervical Discectomy: Surgical Technique and Literature Review. Neurospine, 20,
11-18. https://doi.org/10.14245/ns.2346118.059

Kim, J.Y., Hong, H.J., Lee, D.C., Kim, T.H., Hwang, J.S. and Park, C.K. (2022) Comparative Analysis of 3 Types of

DOI: 10.12677/acm.2026.1662477 2552 I A [ 2 3k

B


https://doi.org/10.12677/acm.2026.1662477
https://doi.org/10.1186/s12891-021-04957-4
https://doi.org/10.7759/cureus.26888
https://doi.org/10.3892/mmr.2024.13398
https://doi.org/10.3390/jcm13072122
https://doi.org/10.1177/21925682221075290
https://doi.org/10.31616/asj.2024.0465
https://doi.org/10.1186/s13018-025-05864-3
https://doi.org/10.1186/s13244-025-02094-3
https://doi.org/10.1080/02688697.2024.2376647
https://doi.org/10.3390/jcm13113208
https://doi.org/10.1155/2022/8419739
https://doi.org/10.14245/ns.2347184.592
https://doi.org/10.14245/ns.2449404.702
https://doi.org/10.14245/ns.2346118.059

FAPRE, XA

[21]

[22]

[23]

[25]

[26]

[27]

[28]

[31]

[32]

[33]

[34]

[35]

Minimally Invasive Posterior Cervical Foraminotomy for Foraminal Stenosis, Uniportal-, Biportal Endoscopy, and Mi-
crosurgery: Radiologic and Midterm Clinical Outcomes. Neurospine, 19, 212-223.
https://doi.org/10.14245/ns.2142942.471

Kang, M., You, K., Han, S., Park, S., Choi, J. and Park, H. (2022) Percutaneous Full-Endoscopic versus Biportal Endo-
scopic Posterior Cervical Foraminotomy for Unilateral Cervical Foraminal Disc Disease. Clinics in Orthopedic Surgery,
14, 539-547. https://doi.org/10.4055/ci10s22050

Lee, S.H., Seo, J., Jeong, D., Hwang, J.S., Jang, J., Cho, Y.E., et al. (2024) Clinical Outcomes and Complications of
Unilateral Biportal Endoscopic Posterior Cervical Foraminotomy: A Systematic Review and Meta-Analysis with a Com-
parison to Full-Endoscopic Posterior Cervical Foraminotomy. Neurospine, 21, 807-819.
https://doi.org/10.14245/ns.2448430.215

Kang, M., Park, H., Park, S., You, K. and Ju, W. (2023) Learning Curve for Biportal Endoscopic Posterior Cervical
Foraminotomy Determined Using the Cumulative Summation Test. Journal of Orthopaedic Surgery and Research, 18,
Article No. 146. https://doi.org/10.1186/s13018-023-03611-0

Zhang, J., Zhou, Q., Yan, Y., Ren, J., Wei, S., Zhu, H., ef al. (2022) Efficacy and Safety of Percutaneous Endoscopic
Cervical Discectomy for Cervical Disc Herniation: A Systematic Review and Meta-Analysis. Journal of Orthopaedic
Surgery and Research, 17, Article No. 519. https://doi.org/10.1186/s13018-022-03365-1

Alomar, S.A., Maghrabi, Y., Baeesa, S.S. and Alves, O.L. (2022) Outcome of Anterior and Posterior Endoscopic Proce-
dures for Cervical Radiculopathy Due to Degenerative Disk Disease: A Systematic Review and Meta-Analysis. Global
Spine Journal, 12, 1546-1560. https://doi.org/10.1177/21925682211037270

Guo, L., Wang, J., Zhao, Z., Li, J., Zhao, H., Gao, Y., et al. (2023) Microscopic Anterior Cervical Discectomy and Fusion
versus Posterior Percutaneous Endoscopic Cervical Keyhole Foraminotomy for Single-Level Unilateral Cervical Radicu-
lopathy: A Systematic Review and Meta-Analysis. Clinical Spine Surgery, 36, 59-69.
https://doi.org/10.1097/bsd.0000000000001327

Rajjoub, R., Nguyen, R., Ghaith, A.K., El-Hajj, V.G., De Biase, G., Onyedimma, C., ef al. (2024) Minimally Invasive
Posterior Cervical Foraminotomy versus the Anterior Transcorporeal Approach for Cervical Radiculopathy: A System-
atic Review and Meta-Analysis. Journal of Neurosurgery: Spine, 41, 508-518. https://doi.org/10.3171/2024.5.spine2497

Almasi, A., Jafari, S., Solouki, L. and Darvishi, N. (2023) The Best Surgical Treatment for Cervical Radiculopathy: A
Systematic Review and Network Meta-Analysis. Advanced Biomedical Research, 12, 191.
https://doi.org/10.4103/abr.abr_251 22

Yao, R., Yan, M., Liang, Q., Wang, H., Liu, Z., Li, F., et al. (2022) Clinical Efficacy and Learning Curve of Posterior
Percutaneous Endoscopic Cervical Laminoforaminotomy for Patients with Cervical Spondylotic Radiculopathy. Medi-
cine, 101, €30401. https://doi.org/10.1097/md.0000000000030401

Sun, X., Zhan, L., Tang, Z., Shen, M., Ma, H. and Tan, J. (2025) Clinical Efficacy and Learning Curve of Percutaneous
Endoscopic Cervical Discectomy for Symptomatic Cervical Spondylotic Radiculopathy. Journal of Orthopaedic Surgery and
Research, 20, Article No. 138. https://doi.org/10.1186/s13018-025-05530-8

Sun, X., Wang, C., Kong, Q., Zhang, B., Feng, P., Liu, J., ef al. (2024) Channel-assisted Cervical Key Hole Technology
Combined with Ultrasonic Bone Osteotome versus Posterior Percutaneous Endoscopic Cervical Foraminotomy: A Clin-
ical Retrospective Study. International Orthopaedics, 48, 547-553. https://doi.org/10.1007/s00264-023-05991-8

Zhang, Y., Dai, J., Dai, G., Zhan, W., Wang, Y. and Hu, P. (2025) Comparison of Clinical Efficacy of Posterior Percu-
taneous Endoscopic Cervical Discectomy versus Unilateral Biportal Endoscopy Key-Hole Techniques for Cervical Spon-
dylotic Radiculopathy: A Retrospective Study with 2 Years. Journal of Orthopaedic Surgery and Research, 20, Article No.
200. https://doi.org/10.1186/s13018-025-05617-2

Zhang, P., Jin, Y., Zhu, B., Zheng, M., Ying, X. and Zheng, Q. (2023) Unilateral Biportal Endoscopic Foraminotomy
and Diskectomy Combined with Piezosurgery for Treating Cervical Spondylotic Radiculopathy with Neuropathic Radic-
ular Pain. Frontiers in Neurology, 14, Article 1100641. https://doi.org/10.3389/fneur.2023.1100641

Shi, C.G., et al. (2021) Clinical Outcomes of Posterior Percutaneous Endoscopic Cervical Foraminotomy and Discec-
tomy Assisted with SNRB in Treating Cervical Radiculopathy with Diagnostic Uncertainty. Pain Physician, 24, E483-
E492. https://doi.org/10.36076/ppj.2021.24.E483

Paik, S., Choi, Y., Chung, C.K., Won, Y.I., Park, S.B., Yang, S.H., ef al. (2023) Cervical Kinematic Change after Pos-
terior Full-Endoscopic Cervical Foraminotomy for Disc Herniation or Foraminal Stenosis. PLOS ONE, 18, ¢0281926.
https://doi.org/10.1371/journal.pone.0281926

Wang, X., Li, T., Li, Y. and Long, Y. (2025) Posterior Percutaneous Endoscopic Cervical Discectomy for Single-Seg-
ment Cervical Spondylotic Radiculopathy: A Retrospective Study with Minimum 3-Year Follow-Up. Journal of Pain
Research, 18, 2879-2888. https://doi.org/10.2147/jpr.s519127

Monk, S.H., Hani, U., Pfortmiller, D., Dyer, E.H., Smith, M.D., Kim, P.K., et al. (2023) Anterior Cervical Discectomy

DOI: 10.12677/acm.2026.1662477 2553 I A [ 2 3k


https://doi.org/10.12677/acm.2026.1662477
https://doi.org/10.14245/ns.2142942.471
https://doi.org/10.4055/cios22050
https://doi.org/10.14245/ns.2448430.215
https://doi.org/10.1186/s13018-023-03611-0
https://doi.org/10.1186/s13018-022-03365-1
https://doi.org/10.1177/21925682211037270
https://doi.org/10.1097/bsd.0000000000001327
https://doi.org/10.3171/2024.5.spine2497
https://doi.org/10.4103/abr.abr_251_22
https://doi.org/10.1097/md.0000000000030401
https://doi.org/10.1186/s13018-025-05530-8
https://doi.org/10.1007/s00264-023-05991-8
https://doi.org/10.1186/s13018-025-05617-2
https://doi.org/10.3389/fneur.2023.1100641
https://doi.org/10.36076/ppj.2021.24.E483
https://doi.org/10.1371/journal.pone.0281926
https://doi.org/10.2147/jpr.s519127

FAME, XA

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

and Fusion versus Microendoscopic Posterior Cervical Foraminotomy for Unilateral Cervical Radiculopathy: A 1-Year
Cost-Utility Analysis. Neurosurgery, 93, 628-635. https://doi.org/10.1227/neu.0000000000002464

The Dinh, H., Ngoc Dinh, S., Hoang Nguyen, L., Manh Do, H., Van Nguyen, T. and Van Vu, C. (2025) Clinical and
Radiological Outcomes of Single-Level Full Endoscopic Posterior Cervical Foraminotomy and Herniectomy: A 12 Months
Follow-Up. Orthopedic Research and Reviews, 17, 517-529. https://doi.org/10.2147/o1r.s554908

Kwon, H. and Park, J. (2023) The Role and Future of Endoscopic Spine Surgery: A Narrative Review. Neurospine, 20,
43-55. https://doi.org/10.14245/ns.2346236.118

Hahn, B. and Park, J. (2021) Incorporating New Technologies to Overcome the Limitations of Endoscopic Spine Surgery:
Navigation, Robotics, and Visualization. World Neurosurgery, 145, 712-721.
https://doi.org/10.1016/j.wneu.2020.06.188

Schmidt, B.T., Chen, K., Kim, J. and Brooks, N.P. (2024) Applications of Navigation in Full-Endoscopic Spine Surgery.
European Spine Journal, 33, 429-437. https://doi.org/10.1007/s00586-023-07918-8

Yuh, W.T., Lee, Y.S. and Choi, I.H. (2023) Future of Endoscopic Spine Surgery: Insights from Cutting-Edge Technology
in the Industrial Field. Bioengineering, 10, Article 1363. https://doi.org/10.3390/bioengineering10121363

Hellinger, S., Knight, M., Telfeian, A.E. and Lewandrowski, K. (2022) Patient Selection Criteria for Percutaneous An-
terior Cervical Laser versus Endoscopic Discectomy. Lasers in Surgery and Medicine, 54, 530-539.
https://doi.org/10.1002/1sm.23514

Gunjotikar, S., ef al. (2024) Evolution, Current Trends, and Latest Advances of Endoscopic Spine Surgery. Journal of
Clinical Medicine, 13, Article No. 3208. https://doi.org/10.20944/preprints202404.1095.v1

Lokhande, P.V. (2023) Full Endoscopic Spine Surgery. Journal of Orthopaedics, 40, 74-82.
https://doi.org/10.1016/j.jor.2023.04.010

Chen, K., Kim, J., Huang, A.P., Lin, M.H. and Chen, C. (2023) Current Indications for Spinal Endoscopic Surgery and
Potential for Future Expansion. Neurospine, 20, 33-42. https://doi.org/10.14245/ns.2346190.095

Burkett, D. and Brooks, N. (2024) Advances and Challenges of Endoscopic Spine Surgery. Journal of Clinical Medicine,
13, Article 1439. https://doi.org/10.3390/jcm13051439

Ju, C.I. and Lee, S.M. (2023) Complications and Management of Endoscopic Spinal Surgery. Neurospine, 20, 56-77.
https://doi.org/10.14245/ns.2346226.113

DOI: 10.12677/acm.2026.1662477 2554 Il PR 2 2 3t


https://doi.org/10.12677/acm.2026.1662477
https://doi.org/10.1227/neu.0000000000002464
https://doi.org/10.2147/orr.s554908
https://doi.org/10.14245/ns.2346236.118
https://doi.org/10.1016/j.wneu.2020.06.188
https://doi.org/10.1007/s00586-023-07918-8
https://doi.org/10.3390/bioengineering10121363
https://doi.org/10.1002/lsm.23514
https://doi.org/10.20944/preprints202404.1095.v1
https://doi.org/10.1016/j.jor.2023.04.010
https://doi.org/10.14245/ns.2346190.095
https://doi.org/10.3390/jcm13051439
https://doi.org/10.14245/ns.2346226.113

	经皮脊柱内镜治疗神经根型颈椎病的研究进展
	摘  要
	关键词
	Research Progress on Percutaneous Endoscopic Treatment for Radicular Cervical Spondylosis
	Abstract
	Keywords
	1. 引言
	1.1. 背景介绍
	1.2. 研究意义

	2. 神经根型颈椎病的病理生理学
	2.1. 神经根型颈椎病的发病机制
	2.2. 影像学评估

	3. 经皮脊柱内镜治疗的技术发展
	3.1. 经皮脊柱内镜的技术原理与设备
	3.2. 手术方法与步骤

	4. 临床研究与疗效评估
	4.1. 国内外临床研究进展
	4.2. 临床疗效评价

	5. 经皮脊柱内镜治疗的创新与前景
	5.1. 技术创新
	5.2. 临床适应症拓展
	5.3. 未来研究方向

	6. 小结
	参考文献

