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Abstract

The canalis sinuosus (CS) is an important osseous canal located in the maxilla that contains the ante-
rior superior alveolar neurovascular bundle. Injury to the CS is likely to induce severe surgical com-
plications including pain and bleeding, and it is easily misidentified via conventional imaging modal-
ities. Based on cone-beam computed tomography imaging techniques, this study systematically illus-
trates the anatomical morphology, epidemiological features and imaging manifestations of the CS. The
results indicate that the CS can be categorized into Type 0 to Type III, with Type II being the most
common type. The population detection rate of the CS ranges from 36.5% to 88%, presenting ethnic
and regional discrepancies. Males show a higher detection rate than females, and the CS is mostly
distributed bilaterally with a curved running direction. Clarifying the correlation between morpho-
logical parameters of the CS and clinical risks provides a theoretical basis for preoperative assess-
ment, intraoperative manipulation and complication prevention and treatment in oral implant sur-
gery and other related operations. In the future, standardized studies are required to verify ethnic
differences, improve the classification of accessory canals, and optimize imaging detection technol-
ogies, so as to boost its clinical application value.
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AR 5245 (canalis sinuosus, CS)&—Ftt BHE R, Iy & 0 2 il Ad 21 aii ar s i m thdiE, o
Bk = XA b A R R M R 1] A R FR[2] L AT B0 52 2% BB S M 5 SR R TR KU H 2
M, o A 324 (canalis sinuosus, CS)4R % ] B MAEAS OV . AR HIR 7 R v S2AE 5 T R
IR —RINIEEIFRIE. B, SEEBG ST B B L B0 ] 1 e o 75 (3] T AR ElAR
RFAR A SERB FEAFLLIEIIF[4], PR REBUN &80, BRI X i, B BUm 2 RA
BR[5][6]. #B4> B E T REH B B FRAG W i . KA. A4, BT EENES I LTk 32,
W E T SR 7). AR €S HAR > 1 mm B, WX E 2] A CERRIER <1
mm I SEE 51 KRB HIML[8]. Beyzade Z [6]55 A W il — {5 H 55 DA 528 N I 4 05 2 B8 R BB
SR A AV, BT HERR TS RSBk & VU B R e, R S b i T e LR
SRS R e AN, SR AR IR A% 5 S R LA AN S B N, 23 R A 4 S R [9]-
[11].

BRFARIEEAEAC R AL, SEETERAR W P ATIE S B R A R R [ 2] [6] [12]. fEfRG —4EAg
HTHEES. B RSMESRE, IhAREAE T Ge AR N AT AR 9 R 7 A8 5 AR AT 5
BRI RIGIT[13] [14].

U FSEEBG RS RINEZ A RIE R IR ZSWIR R, RN IR A SEE M 450 g%
FHIE AT R SRS HE AR 0P T, W T IR IREE AR E BT AR T SR LT ARRE . 25
YBIT I AT R E B R L [15] [16]. BRIk, A FTHSe Faie 28 BRI RSN HEZH CT (cone-beam
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computed tomography, CBCT)§Z % I BME 4T, & AE2N SR AMRFF AR BIARTT VL . Rrb#iE R 5
FERRE BT 1R PR AL T 4 1 ) R KR 5 SR =

2. EENMIEEHEAENR
2.1. fREIZERS

R 55 (canalis sinuosus, CS)#¢7-7E 1898 4= Macalister $2 H ¥ HAtid hy “ Boadh g~ , FeH
ZIE SR T — A RS b, R DS AV EE [ 1) s B ) FFLET T, Bt REER
2, BN LA RERT G IR, JRAE 1939 SEH Jones [17]FE4NHRIE, Jones B VK L 4 MR #4 1
HIEEIE AN “canalis sinvosus” , SRIFHICE HIEA . REZEHEESL 2 mm, £K4) 55 mm. 2
R N 2R S HT I e

8 527 (canalis sinuosus, CS)& 7 T LAl E — & Ml iE, If THEL LA T 1IHE S #1428 (infraorbital
canal, IOC), 7EHE FFLjA K H b7 #881 #1 4 (anterior superior alveolar nerve, ASAN)AN_I 7 & 1 3 ik (anterior
superior alveolar arteries, ASAA)7r3Z[18], [A1 FZHEJE, M) FATSERTAE ]IS dh, JEATAMU T ) ZE i 3]
BERTEE, AT EAUSERIR . SEE LR 2 AN/ R (accessory canals, ACS), H AR Uiy # I 11T
LA X e & A R [4] [19]. EAiEEENSH MEMEIR, L fEH7#4 (anterior superior alveolar
nerve, ASAN) X HAEAT Bk HEAT, KRCAIE TR BaYIF . BRI R H AR A 2310,

H AT CS M 2% 0 Bt ST b T 53 B, Khojastepour [20]55 A FIHF 50 b 3 T A 27 #8171
HEARYE RIS (8] 7041, T IR R G de H 328 IR A 7 40 1Y .

0. STERAEAR AT, & IETHRRX.

[ A SEAE A & RIS TSSO 1/4 DX 380(TE B A1) B 9 1/4 XS (ZK-F 7 1) o

I AY: SERESEAH 2 20 RIS TN 26 = RIR(EE BT 10 RAREY) 3/4 &by KI5 S0 S
3/4 4b), R BE, R LR,

II0 AY: S/ o 2 20 R OB TOL AR S0 1/4 IX 3 (2 E 7 ) B Doy 1/4 X3 OKF- 77 1)

2024 4 Beckenstrater MA [2]55 A\ ) —T0Af Fo 5 T B 9E AFFERUE 1 1% 0 B E M, RO 1 BUE s E
K5 1) ) R AR R B B i (00 N 61.7%F1 59.2%) » B85 FEBEEI A, H& 1A 8 v 43 A T (57.2%)
BIREL LR X . HEVE FTES FRHE MR TR AL B R 51

2.2, AR S

2.2.1. EEEEEH

Tanaka R [21]5 NI micro-CT FIH R FiEsk, SFEEWEREH&HLSM, HINZNEFE,
WENEAR, REMNHLIME RN EIEEE. HAENEER, BENEa RS GAN, &
YA R R A4, 5 R S R E AR . AR B SR X, n] L I AR 2 4 S B A T

2.2.2. WL MERALHLFLFE

SNBSS E AT AT BB K . S LT Y A BER Ao LR4ERITEEERNIN C
CFYHEULIR, BIE AL PO, J5E 1L PRI . Tanaka R [21]3E— 535 H S8 A 1028 8 SR b
FEAfE U RIS i AR e, SR AE AR AR B (T35 2.58 mm) A AR S A7 7E i 35 22 o IV 45 40 B4 />
k. ANERKRI BN, b BANIM A R A e, e, BV I

2.2.3. EESSEALEN
T2 I O PR B A 5 4 02, NS B4 . IR R R WY [22]. X EeLE 4R A 5 BE N
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BEMZE AR L AURIE, TSR M GRS 1R 22 ML R 4544 o

2.2.4. BIE(Accessory Canals)Y4A 21454

von Arx T [23]58 N HUEH0(56.7%)EIE 5 FIM CS AHIE, HENDY CS ML AR 7> 50, A
BESEN) 5 FFE ML, HEREB/NCFY 0.5~1.0mm). @8 N FFEE SIS INE 53, 2048 T4 f
U IS MI[24]. AR BN, BIE S LF 4% BRI, (HIE 7S HoNE 2%, nlRe S 50 fit
WHTEK. EES FAERE. SRR S R A AL B V) M 4 SR OC R [25]. ASAN 43 SKAMY 3 A
T R RHT S A RN R, O R S IS AR, TR Iz A N HEUEY) R BoR, SEE K
P4 SR B NI AR ERER, S5t 2.
3. RENRITREMRIRSHR

JEjd Pubmed 1 Web of Science £ K I, KT CS IX—45 1 AH S SCRIRE £ /b, [ P SRR EE Sy 2>
o 7E 2012 2 i SEE WMAEEBOA A & —Fp o DL g A2 S [26]. BEAE CBCT T 2 N A, AR AR
SRR L SE R AT L B [27]. BUA L S AN ORI SR I T AR AR A CBCT 84182
FBAAT[7], MHBARBMBRHSHAIRR. KR, BRUSGEIT ST TIN5,

3.1. EERNREE

SEEH Jones T 1939 F I H It , 1984 fFAHRZE X 19 B P ARR L ufEH 52 B R mr
2 5N, BT R R(28]. Lopes [291%5 A42H FATE A2 b o Rl A o £ F0 15 Fir
TEEPEEIE, KRAE A 52.1%~88.0%. Malicki [24)Z50F 78 KW, CS 1E ABEF R AR L AE 36.5%~100%,
e —PhE WL ZE B S M T AR AR AR 5 . CS MR B DA AR 2F X BB A WL, 45 i A b ) o
i, HoRuHHEAAZ A 0.4~1.2 mm.

SR L R B RRAE, AN R DXAS IR A (08 Sl 4 I 2. 22 5% . Tian S [S]55 A%
HE 1007 NHEFE AT SEHLITE 20 T SEEE 7 45 H CS B R HH %4 36.9% . 1a Encina AC [958 A\ G 3
FNEE 212 GIRF 9045 5 2R B AE STE7E CBCT S8 A A PG % 50%, 5 Salari A [30]FR3HE [
BIAEE 200 4l CBCT FAA%A6 HFR(50%) 5, B 53.77%. &k 46.23%, FtERAREE TR, WL
58.5%; [P~ Aoki R [311H— T ABERT 70 R il SR H RN 66.5%, [FIFEMEEE] S CS
R AR T s W R AR ZR(54.14%) 2 T B K AR #6.(45.86%) , 1X— 45 R Y Devathambi [32]# 71 45 R (5
PE > e, XU > BB Yeap [18]55 AXHBUKHFIE NFERT U458 42 1 A S0 &R s
98.5%. AFEMERIBAFEFER ML, CS WTPHEALGI#REES. KHREAFRRESMikER
SO 5, AR S AR CBCT M & A%, SENZEEAFE %K.

3.2. ERSMNESH

la Encina AC [9]58 NAEPUHEF NG 78 45 R 7R CS AL B 240 TH U1 (A 41.2% 7201 47.4%)
FUCNMYIF (A 29.4% 7240 25.6%) A (A 16.5% 700 15.4%). ELAZYIE 0.9+0.4mm. Yeap
[18]5 ORI NBERE Fe g g th CS 78 LR X 2 HE R, wAELIETHHR, CS A THH48
FRHI LA E FEAAETYIA L. CS B FE 5 AN 1.08+0.39 mm, H&F HAN0.71+£026 mm, A
[F P BN R R L2 18], CS ISP ER LA #REER . BT FE[311EE AR+ CS O E
FE R F X fcH IL(44.39%), VO F [X.(21.95%)F12 F (X (14.15%); CS HE <1 mm 5 96.6%.
4, Schnutenhaus S [3317E—HUHT FIATF 72 H B Hi 48 5 B 30 N BE A B 4F e 4 CS ~FIEAEN 0.9 mm, 5
YA R EAR R T 2ot . HBIALE DL 22 FIs it W, oo 12 FRsidis & 22~23 746
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s BYEHZAT 22 5F, LHEHZAE 12 TR, Tomrukgu [34]1H 8 #k1E ACs &% WTMYIF, 5
E A8 TR RSV A 10— 23] R SEEERUES I AEE Y > #EHE >Y F), HEES
HHOARFE, ZESFAREFEEARE. ARG, WA RS MEEIEA . o bRtz 5 K.
4. EBENREENR

R SR N LA A 0 AR B AR A HEAT BRI A, T s AR AR AR AR A
B REE SL[5][26] [35] BT CS Al a5 RO AR 28 0 i, (BB E R 12 AR 22 M . AR 88
X AT HTAEE RI36], SHARN 4B, BT AZES . B0 55 M B N =R BB o4
Tl SR IR WO A 2H 2 R L T X 3 N LR ) = e AR I, SRR AR se & 58, HIEL ¥R
SRR, ST USRI G0 CBCT [14]. 1 Bh T T2 F (450 1) 35052 A 250 3 AR G ARG F e et
FIE BN, FERMRE TR BRI 2N AR F B35 (34]. SR, B0 S T4 . B2 BE B S DL T
CBCT A2 H A & AR A5E S5 i RAA% 24 574 [30]. CBCT 1A — M R A & F- B, A = 4Eid%
PR SRR NMEF B ES, X LR S5 2 Wi AR5 FE 25 55 [37] [38]. CBCT ik & & kb
TEMGRIES, 7 LTV A I DR BB 2 P s, SIS HE R H L R CF
YA GERIAT B L, $2 i BORS H SR A2 I 28 [35], NI RIS T R4 T AT SE MR AR [39] [40].

Ueah, iR R R CS fATE Mk B E E, M oR, HEAM 1.0 mm % E 0.5 mm,
CS K ZE M 26.5%IG M E] 52.1% [41]. JZEEE, WHREE, TT4228H 0.1 mm JZ/E CS i N
50.1%; LPE[43]%H 0.3 mm 25 CS Kt F N 46.7%; | MK 1.0mm 8EZEE, K H RN 36.9%,
W JZ EXT A A R TEIEN, SEERERHE. FES-HARHZE <0.5mm. HHZ T
HEHEMPR), DL EEAL SRS S HE N E R CS 20 324b). FBLA(CS 25 i B AL) . A (B O
PLE) PRI T, A ReRk =AW E I CS KA L ZE R .

5. Wig

g LRTiR, CS 2 RAiE N EE A M EIE, IR DR AR R CE K. MEH
HHMERE, CSRFETHENHAYE, WHEMER, HERNE% RGN IER, NEYARE
IR LT YR A 450 . TETATIRSAIE AT, 2% CS #lNEFE WMHIAZ S, B CBCT M) 120
M, CSAENBERATH Lu B s, AR XA AR CS Rt 2, BHAARN B MFELER, MRS
FEAR RN, ANRAFGRA I, AR SWEZE. SRRz RE XK. FERGE5I KR, K
s L PR A G RIS TR E IR RE, BB SIE SR A L, IRARAEE &
JITHRHE, STEREEAERIETFARITR BIKTFARRE . SEmiaIT IR R CEE,

HHTA CS A —EWH7t, (AL AFEA S B 5b . TRIUER R Z 70t CS kit Z. HARETE
(RIEEI . IR RS 240 R AL T AR B, TR, IO %Y CS % & F FEIS T b 5 By, % i,
M, 76 LR AR A A RS CS EAT X >2 mm, ARFRAMRESL. BRRE, B EENTEE;
BEAEBIF 70 R (A TS 2R AE M AR T RO 7y R G, AR SR PTER NI T R B e 5 R R 23 28, IRk LA
AFAE A . BeAk, 34T 2 IR PR R I CS AA1E B At 2 o0 2L, 2 2 JE X 4l i i 4544
(NG, S EEREAH R WX P T RN, SRR R S, AT
FEAETAR, $EEITRIIR. WA I RAERR A R EE R .

EE&UIH
STTIRRERAR TR G R (475 P RS cR  CBCT AR BIBNER e, 45
2025YFYB090)-
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