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Abstract

Objective: To measure the angles between the semicircular canals and their angles relative to the ref-
erence horizontal plane, and to determine whether variations in semicircular canal angles are associ-
ated with the onset of BPPV. Methods: In this study, 30 patients with primary BPPV and 30 healthy in-
dividuals were selected from Guilin Hospital of Traditional Chinese Medicine between 2023 and 2025.
The angles between the semicircular canals and the angles between each semicircular canal and the
reference horizontal plane were measured using the 3D-FIESTA sequence of magnetic resonance im-
aging, and the differences between the two groups were compared. Results: The human semicircular
canals were not completely perpendicular to each other. The mean angle among the three semicircular
canals was 92.3°, with a maximum angle of 116.6° and a minimum angle of 66.8°. In the observation
group, the angles of right anterior - right posterior, left anterior - left posterior, bilateral horizontal
semicircular canal - reference horizontal plane, and left posterior semicircular canal - reference hori-
zontal plane were all significantly different from those in the control group (P < 0.05). Conclusion: The
human semicircular canals are not completely perpendicular to each other, and variations in semicir-
cular canal angles exist among different individuals. Some inter-semicircular canal angles in BPPV pa-
tients differ significantly from those in the control group, and such anatomical variations may be re-
lated to the occurrence of BPPV.
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1. 5|8

FRT B MR & AL B 4 1% % (Benign Paroxysmal Positional Vertigo, BPPV)H A FHLE], H g 72
SZ IR 28 M B SRR S U 2 R P SR, BVAT RIS IR HA O S HoE . R AR BT AR AT
W= BEAME. EMIFA—Z, EEPREA G R AL EE RS RER E s R = W
EE, B KBRS A 5 A WL P I ER ST AL, BEE AR AN G 1, LRI iz & AR
ITPESE . IR R, AN RE R EBTE ok, I L8 V& 1 RO 5 & A2 # IF i N e
ez, T R T AL BV E IR R, AR, FRELR R, U ITRIE R L R TR
FHXTA R, LEMRE 2207 AT 22 58 ) G R A9 2 B AR, FOm B AR BRI R A 75 20— I A e 5
BRUE[1] [2]. AW L MRI 3D-FIESTA =4 H @ H AR NT-Be, XF P HUE M b 1R A B2 DA K I 23 (Rl A
BT TIE, R4 R S e S W 7 AL B S BPPV X [RAFAE — 58 RBK[3]. TEARWIIT
H, BE RS Z AR AIITRERE TAE, FEX BPPV 53 DA g FEXT K (1) 2 ;08 2 8] £ 243031
AT, P (B =AU A B A DU & B 5 2K R A B 2 e R T, BAE
PRI R 522 72 5 BPPV R AN AE DG, AT A AE ST 14 ) BH DL R AR A2 9T S () 1] e
SRR 2 2 1 K S KR -
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2. NS
2.1. IFRER

WEEX 2023 4F 8 H & 2025 4F 3 H AR T A B2 B2 e i Bt 12 1) & 1% BPPV 38 30 il i ge
2, [F B g9 N REFEHR 55 52 38 N FAZ A A0 A BRENTEE 30 R At B 4H . FLHb 53 18 £511(30.0%), %2 42 £511(70.0%)s
S 30~83 %o PHZHAEAERS . M7 T s ZE R G = (P > 0.05).

2.2. PNFRHE

BPPV 4: 1) HZA BB Bk R TR, 5 RN i, HAFUCR MR IR ANEERE 1 530
2) 4 SRM-IV HATIELIT RS LR #4156 5 Dix-Hallpike iR56, 5 REFME, Fris R IR E B &%
PRI AL LSO 97 MRS RHAIE, I B 2 P MM — 30 3) PR BUR AT, REE I B
MATHEREIG 4) BEANBIKIRI B FE A

STRRAL: BEAETE BPPV i S, COHFRRILAR BTBE R GO0 (1 A JE 0005 o BT BEAH 202 5 26F) DA K™ FLCo
MG, HAEH AN R R A
2.3. HiBRARHE

1) LU 8 A i B A SRR OGP SOH RHBOR I 2105 2) BPPV NSk R BT AR R A M 3) Skt CT
B MRI SRR R IR A7 2 A s 4) AR PR 0-55 AT S ke ik 6 4 SR 4087 R
INREAFAESEH: 5) B IFNRITRERTTB™ B AR, 5 B0 DASE Bk B L & B 7 -
24. WEFE

R LST BE3HRAUE R SE(EE GE Medical Systems, LLC), /75 OAx 3D-FIESTA-c, H
24 TR 48 ms, TE 1.5ms, B 60", JZ/5 0.8 mm, HifF 256 x 256, FOV 18 cm x 18 cm,
NEX 4o JiJ TP B XS e (R Pl (2SR A RE TR L 15 S8 R BT 52 O i K ) oK
i, FESEIERN B RRE A ) S M AARTE AR AT o PR M FELR 0 P9 H R RER— IR, AN
M RAEXSU U AR LA SIRER 4 ef3 2l e B .

2.5. BRAES =HEIENE

Figure 1. Inferior margins of bilateral eyeballs and the common crus bifurcation point of the left semicircular canal

B 1. AUEREK T SREMFRNE DB XA
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H 5244 1984 51818 & 4 (Picture Archiving and Communication System, PACS)HF A B 45 B 5 % kF, DA
3D-FIESTA AR HATIF, Bl 5 1B Editor AEHLK 0 SIRBR DA S5 8938 — 51 B, XHOR B TR I HR
O ST = AR AT IORACEE, BE A g A SRR =GR AR R I, TR AR
R AM ) rh O AL B EL 3 AN A 10225 7K 1 D00 E P 0 AR 3R T 2 AR e 2 R0 i B 73 S AL [
(1), BEAEUTE R A IR FRIY — 5o I e A bR T T SR VR B S AR B, A R PR AP AL ST
PRI RN E LR, BEEX P EZ AR A AT IR, 8IS B &R R s s ) e A (1
) A S &R T 1 5 225 KV 1A R A (] 3).

Figure 2. Angles between the semicircular canals

E 2. Z¥MEZEHRA

Figure 3. Angles between the semicircular canals and the reference horizontal plane

E 3. Z¥MESSEKRFERA

2.6. GitFE I

Guit o3 TAEE Bl SPSS 27.0 3 AF5E M. & HEMHRE 2 B IR M IEZS 7341, it Shapiro-Wilk A58 i LA
o X TREERSAMIITR, RS + bEZE(x £ )WERBTHAR, BAZ [0 e s F s
FEAS ¢ ks 10T AN 2 IR AT Bk, I CL A A7 EoR DY 40 7 2 Al BE [M(Q1, Q3)] T LARIE, IR %
SRS % F Mann-Whitney U #6565 . £330 K #E¥ €A P<0.05, B4 PE/NT 0.05 B ZE R EA ST

3. &R
AN AR R AMEE R, S IR E, BPPV 2 U K B4 15 R 2 90
G R BN, o AN R R A 5 S KT A ) B R (P<0.05): HR Rk

FUE AR LR A S5 U8 5 25 KPR AR AR IA) 22 S B TE Gt it 2 i (P > 0.05). FAREHE W%
1~35
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Table 1. Angles between the planes of the anterior, posterior, and lateral semicircular canals

F 1AL B SMERAEFEZERA

FIERA PUE =2\ pagictiin t P

Jedi - s 89.96 +5.61 9473 £5.32 3.376 0.001
Femr - fe Ak 90.17 £9.31 88.69 + 6.47 -0.716 0.477
FJg - FEAob 95.09 £ 6.95 95.98 +5.26 0.561 0.577
ey =] 88.12 +5.96 93.55 +4.81 3.884 0.001
BT - Ak 92.83 £9.03 89.52 +6.37 -1.637 0.107
HIE - A 93.57 £5.05 95.41 +£5.40 1.359 0.179

Table 2. Normal distribution of angles between the semicircular canals and the reference horizontal plane

=2 FMESSEKTFENRBESHH

FHE A WEZLH pugicE: t P
AT 101.97 + 11.76 104.36 +7.33 0.941 0.350
VELA 2521 +8.28 20.24 + 6.09 —2.647 0.010

Table 3. Angles between the semicircular canals and the reference horizontal plane (non-normal distribution)

=3 FHMESSEKTANRABIEESHH

A7 faE z P

kg WERH 75.35 (72.07, 78.77) —-2.528 0.011
X REZH 70.00 (63.00, 76.87)

il WA 107.85 (99.15, 111.15) -0.510 0.610
X R 2 106.40 (100.40, 109.00)

Fe b MG 25.00 (20.27, 29.22) -3.024 0.002
f HEZH 17.75 (15.42, 22.65)

Ve WELH 67.70 (64.60, 74.27) -1.900 0.057
X HEZH 72.70 (68.92, 77.42)

4. Wig

G K 3 LA SR B SR M 2 AR LT EL ORI R, AR TSI R M0 4 o, [ = Ak
WS 2 W JE A TE 66.8°~116.6° 105 FEl PN, A5 SR EAR 4T M, 4R 5 L TE RS T LA B A 22 A
(BN 134T0, TREAEAERL B ML 2 . HA S 2 B R B 26 5, DU H AR BT 5] R
WRELEN IO, K T BAR BPPV AWML EIEAERA4]. (BFAG I, R0 A R R R T LR
BPPV KA R H 2 2 —, T dEmE— Yo %

ABFFER I, BPPV M R AT M 15 5 M5 2 I 9 # W) S5 N T3 B4, HCME 4 T Zhou
S MRI PT3430 15 3% ABESOR[S] . %6 /N 5 05 S MU Ve R v 5 AR AR 5%, 7T ks
P VAR EEL R IR 30 B DA B A e A I A RS B LS, AT B AR T S 8 AL PR o Bt
25k, BPPV EH SRR R A0 5 A 1528 /KT T 2 18] 1 96 £ 180 38 K% IR, S 24 e
R T IR EN, EOA /R E (RN TR B W I [ S I T 0T AR, TR R I 4L ) S
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PEIHT, AN BRI f B B S B BPPV KA.

BPPV (B A BEALEI R A, BRIV 2 R RO, o A SRR SERIE K BgiR . 4E2EK D
RZ . N BRI KRR SN R RAE N RS AT RE S SRR RS . Bk, R U R A B
TZHEFMER AP EAE, MAR A — g R

BeAh, TEMHTFAEIR M E SV EE . R BPPV A SXTIRALER M KM L E R AT
Gt B, ENANMEBIR AR ES . §5r BPPV B KR AETE AT RRALIX ), 17 5 70 %6 22
TMAERUA R . XD is, FRE S AR R E TR BPPV Sk, (HIFAERmMIN e
BT

ERE AL AR ZE B AT REXT BPPV TR EALAIRHOR #4520 . Tang 583+ Micro-CT =4EH i
R FERATHRE AP, H)5FE 5 IEh SR KM/ T 45°0F, Epley RALRCREZ FFIL, X4
R AR AR AR 3 T BE AR R T B AL R IR R 2 — (6] ABFFE AL, MEHAIEIE 525
AP AR, SR AR B AN R, RS BWsEARA T Ba#sh i 5 EIg BUA — 2.
Skelmose <5 thiRiE, HMEiATE BPPV [ (KA A & A 55 0 LB BE (b A A7 AE B35 22 5[ 7] H A
I R SR T3 58 22 AR P E B R 1, REETE AN S A Y 22 5, X AT RE RS IR0 R Ak
Wesl s RORAF I E RN . Wu SR B aEE TG BoR, i KRB ER R IBCE UV E = /7
i, FUCANTEEDRERLE X BPPV 297 MR (8], X THEVAEBIE KL BPPV, ARHF TRVl
BRI RR S FH, JFIRIERE T IS B O EAL RIS I Im R . (HRE R, BT AENERES
AR ALAE I R SE B P T T I DN S Am AL . PTE R W m] e A et S5 R BR - SR i A A7
18 1 75 AT PERTT FUE — P IR AIE .

KB FAFAE—E R BRYE: FEARERUN, HOWRAOBIT, W RAAEIER M fr PR BRI E A
TACEE, WREAAAERRIFIRZE . BUAL, AWERARMANFATIRA . B 4EA23K D KPS HAl i A2 XU P
R, RRGY KEEAR 4ie ZHSIREATLRE VG 5 EFTIR, BPPV BB AE S 2 (A /) Y A1 L 57
s ATRES HRRMLRIARSS, (EARRIASST DO R Z MR R —, fa 8 & H AL 2R 5 B AR -

AR
AW T 28 2 e A 32 o v (R 4l 5 A 2025-ky-yjslw-002-14).
eI B
BT R L S HARFF R RIIUE (95 20210227-11-2).
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