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Analysis of Magnetic Resonance Images on the Physiological

Mechanisms of Fundamental Frequency Control.

Hiroyuki Hirai, Kiyoshi Honda, (ATR Auditory and Visual Perception Res. Labs.)
Ichirou Fujimoto, Yasuhiro shimada, (Takanohara Central Hospital)

Abstract: Positional changes of laryngeal structures during FO changes were measured in order
to examined physiological mechanism of F0 lowering. It is widely known that FO raising is
mainly produced by the function of the cricothyroid muscle to activate the rotation between
the crocoid and the thyroid cartilages. However, FO lowering cannot be explained by the
relaxation of the cricothyroid muscle, and its mechanism is still a physiological question to be
examined. To this end, the present study adopted the magnetic resonance imaging (MRI) for
the midsagittal plane near the larynx. The images were taken using multiple subjects during
repeated sustained phonation of a vowel in FO range of approximately 1.0-1.5 octave. Manual
shape extraction was performed to measure relative positional changes of laryngeal components
associated with these FO changes. In the results, vertical movement of the larynx was observed
consistently in correlation with FO levels. Towards lower F0, the rotation of the cricoid cartilage
was observed associated with laryngeal descent. This rotation to the direction of shortening the
vocal fold is produced by the lowering of the posterior plate of the cricoid cartilage along the
physiological curvature of the cervical vertebra. The tendency of laryngeal descent and strap

muscle activity in F0 lowering can be accounted for by this mechanism.
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Hﬁ MRIKEH%ZE.‘/IZ—&&j,{—ﬂ/FIj_&

MR I (Magnetic Resonance Imaging) & RS IEES 2 F A L cEEZEHCRT 25 L
EXYVF4THbB. MRIKCRWCHEHEBES E A, BHEEHMALEECKED 5 FH L
CBINLZET vFFCHBEERARET TS5 X5, COFHE LB INABEIEXZ t A0
HE Rz 2 BERD 5o MHEERIZ D HERRILHE, BIE~7 b A OH A% 180 FEZEE
C EBroRTVARAEROERE (RFAAR) 2AVAHELEMRE L EEST 5 5EED 5.
¥MiFRAYvza— (SE) BRIl BHRrrsvxv 74— Fxa— (GFE) RF| P
. ERNFRCELNAEE 2 Y + 52 ' BBPCED->THKDE. HIXES EEDETHRE L.

T ,
Ige — kfp(]. . C_TR/TI)C_TE/TZ (1)

{k: B8 LHE. o: 7o b vEE, TREVELRHE, TE: ==—KE. T1: SEEFIRET. T2: FAEFNRT }

ODEXTEEINFER=2Y F I 2 MEIEKCTR, TE LSBT A — 4 LHBOBENRREIC X -
THREXNS. MR I KX 2 2REEX TR - NEX « MAT {NEX:# VX LE#. MAT:
< Y w7 2E KX oTHE D TREGL T35 C & CRIEBFEOEMRE 1155 & 23HES 55,
TRLT 1 0&BETCRBIEX2 FAOEEARED R ADESRENE L RT LES RERE
RBEAEZEL R Do CORDBERZ P Ar0BENBAKEY 0EX VXL L, HRREDOKEET
EBELBIHELACVS C L CRERB Y ER I e HENGF ELTH %, GFEETOES
PRI fe ITR>T 2 * ¥ 2 3BRBEHEBLoRE R ARET

Ite = kp{(1 — e TR/M)sine/(1 — .cosae'TR/Tl)}e‘TE/Tz' (2)
{T2*: BB OREG— DR E* 1T A BHEFIRT }

% DTR, TE, Flip Angle 2= v + 72 VCRERE5X 5, TOX5 hREREE TR
WESRERES 20T Emst f & FRER 3 BEAEENE b % Flip Angle O CiRiE 2+
2 EpEEND, TR, TER—EDES Emnst Aaer X (2) XX D aer = cos~le~TR/TL ¢
KHbNB, X TRLT 2048 TFTCRBERAEAECEETREL 2D (2) RchT 3ES
MEORXYETOFEMEAT I EAHNRTER =2V I IR VIERT I LICES, GFERKR
SEECHLCEBRE L W HETRAFICH BB T A—2 3 1 D8 3T CHEE= v
bR ED S OBBEIDICELT B A HIER ICEHEATR & & 5o SHEOERTRERETOR
A ERER G F EE2FIA L B SBRc 2BEcEEL B LiB 27 2TF—
ZEE R FF R oo TR, TE##HicE Flip Angle 3/NE VAT A =X —THFE L /b7 n
FEBERRLAERE A>T,
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