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Introduction
The human cochlear is a small, spiral shaped structure with approximately two and half turns [1].
Typically, artificial cochlear implant insertion involves electrode placement in the inner ear which exert
force upon the inner wall of the Scala Tympani, in both the basal turn and apex turn regions. The
insertion force during an electrode placement is composed of forward pressure from insertion,
accompanying frictional forces, electrode recoil forces and adhesion forces between the electrode and the
inner cochlea [2]. The main factors influencing force during electrode implantation are surgical technique
and electrode design [2]. Variations in these factors, in addition to natural variations in cochlear spiral
length in the patient population, result in a range of possible electrode insertion forces. In practice,
however, the applied force during electrode insertion, is most heavily dependent on surgical technique
and expertise, with a high risk of damage to the cochlea [3]. In recent years, numerous protocols have
been developed regarding electrode insertion force and contour path, in order to optimize electrode

insertion and minimize damage to cochlea [4-8].

Prior research has applied 3D finite element and helicon-spiral models to model and simulate human
cochlear geometry, using mathematical models to describe the various parts of cochlea in detail [9-11].
Histological sectioning has been used to measure cochlear curvature, while liquid volume measurements
were used to assess cochlear volume [12-13]. The cochlear spiral has also been measured, using
orthogonal projection with computed tomography (CT) to reconstruct images of histological sections [14].

However, all the above experimental methods used in vitro samples alone; none included in vivo data.
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The advancement of medical imaging techniques has led to the use of the non-invasive modalities of CT
and MRI [15-19]. The development of 3D reconstruction technology has allowed 2D images to be
rendered into 3D volume images [20-22]. These techniques have resulted in significant advances in
inner-ear imaging. The inherent nature of computed tomography provides good in vivo delineation of
bony anatomy in general, and the bony labyrinth in particular. [23]. However, upon implantation, the
electrode must pass the basal membrane of the membranous labyrinth, a soft tissue structure [24, 25].
Therefore, MRI is arguably the optimum imaging modality with which to visualize and measure inner ear
anatomy, including any deformities. Thus, many researchers have opted to use MRI for inner ear imaging.
The modality has been used to aid surgeons in their clinical evaluation of the inner ear [26]. Another
study used MRI imaging to identify inner ear deformities in patients with sensorineural hearing loss
(SNHL), and investigate the deformities’ role in hearing loss. Geometrical measurements of inner ear
deformities have also been performed [27]. Therefore, MRI is an appropriate, reproducible technology in
the field of inner ear research.

This study utilized MRI to non-invasively image the human inner ear in vivo. Image processing was used
to obtain a 3D volume image of the inner ear, and the cochlear spiral in particular. This was used to
measure the length and curvature of each of the basal turn, middle turn and apex turn segments. These
measurements provide an individual’s geometry for pre-artificial cochlear implant assessment. The
measurements can be used to plan the electrode insertion method and route, thus minimizing potential

damage by reducing the frictional, electrode recoil and adhesion forces during implantation.

AFEHBRE—ENARMB XN BH/NNEREM], —RERCEBEALRNBRSZEHERP2
HERNEEEEKBOREBER  TweEEKIREE (basal turn area)d & JEimEP EiH (apex turn
area), M EMEARFELN DTS : [ BIHERTE L 2 B8 H(frictional force), ER[E5E 2 B8

H(relaxation force) A K Ft & £ B 48 A 2 Fff & 1 (adhesion forces)[2] , MEEMEADEZEERR
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B FMEBEZTREEBZENR], AT, EETAIEFEFMNE , ARFHEMNTEUAK
BUSEHRBRRRECEZE , BNLEBNTE  BEREABBRMEEC HERLEEZE ,
Eit , EHEASERE, HE W EEX AT KERAMANKRTE , EREBEZENER3],
TER , S HEAEBBEBETELN DB URBRENTERIZHE4-8) , SHEEMKEES
MEMBEASR , AUBSHERERES.

£ RHIMMZE S | B2 E1R H L 3D finite element BAK helico-spiral model ¥ A B 48 44 4] 5 U 3¢
T DT[9-11] , BBHBREENAX , SERSIMUMER, MEFR , EERRNER
L, BUEBZN R AX[12ETER , WUHKEREETREZER[13], EE—Di , BF
A CT # &R ABBERY) 5 E B IE R #7F (orthogonal projection)Z AR ETH G2 ER , W HHE IR
IRAEHEITEAI14] , AT, HERABARRn-viro) WA XET , MIFLUTEEREST

PEEBESHGRMRR , BR , WERKE E R (Computer Tomography » CT)B i A K 4 i
H R 1E & (Magnetic Resonance Imaging » MR AER , EALER AKX A XEIT[15-19], TIE
FR,EMATZHEERN , BEEXHMBZHXEGRHERZE  EBRLUB=#ER
[20-22] , EHRRERGHERER — KRB, CTscan TLBABENESETEESER  BRREN
REEEP , MALER CT FEBEEHXRRE[23], MEBHIABEAR, AWM, E/WZEALEZMK
& 72 FE M4 3K B (membranous labyrinth) RV EJERR £[24, 251, Atk , EEGRFENREL | EFF5RIE
BEARBMEBRGZ MRI R, BIUELBBEAERH MAFSHRESEA MRIRBRERRNEH
B2 I8, fif: UMRIBEBELETRERG , ISHRMXKRETRHRC G , HEEME
BERKRFE A2 FA26] , A2 LUREZ M H 18 K(sensorineural hearing loss , SNHL)Z B& B R | i

ITRERSG , SImAERFEZERIBERNMEEGE  YHRNEREETEMAER27]), ALTH
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MRI ERRAB A EHARZAGEE,

Rt , AHFRHIER MRIBGEABRER G RHEEXGEEEE, LFERARZARX,
BUYAB2=HEDR  WerHHBER , LI ME £ (geometric construction)E15 F 4RIEHERR , AL
2 basal turn area, middle turn area, apex turn area FE DR HE | EMEHRATEFEMEIFT
H28E  MEHHSESERAEBEECEBBEALXRER , AUBIKER D (frictional

force), MR [E]%E 2 B8 I (relaxation force) LA K B 2 1£ B 4§ A 2 Bif & H1 (adhesion forces)o
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