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Cochlear View: Postoperative Radiography for
Cochlear Implantation
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M pertives This seady simed io defing 3 spatial posioon of the
cuschiea i the skull based on anateenical sindies and to desagn
an appropriate method of skull rabiography for demonsiragion
af g mrehiichanned Infracechlear electrode armay and the struc-
ures af the inmer £af, B uag on evalaabmg e glecirude poai-
thon and iis rriaied peach percoption

Background: The conventional shsll radiogreps (plas radic-
graph) wan offer o complets and Jirgct image of an bmrach:
chiar elestride srmay, if she w-ray 1 dereesed 1o the cochlea and
saralle] o the aun of the cocklea

‘lethods: Measarement from computed fomopraphy mageng
il three-dimesnsonal recomwinsisom were perfofmad i define
the spatial poaision of the cochlea in the skull

Hesulist & radiographic projeciion. the onchles vicw, wa
dasigmad. A detailed msdiographss method amd fadwlopic inier

Maodem imaging meibods, including comgriled lomog-
raphy (CT1 and magnetic resonance imaging with thnee-
dimensional (30 feconsinecton, have dramatically o
proved mmaging of ibe wmporal bone. Today. thess are
the basic technsques used in preoperative evalustion for
cochlear implamation. Comvenlional radiography. is-
cluding plain radsgraphs and polylomography. has no
longer been used as a powiine precpersiive radiologic
praminatson for cochlear implant candidates because i
oifers larle value in providing sulfecienn desail of the
remporal bons (1),

In the last decade (2], postoperative radiologic examis
mation for cochlear implant patients has been required
only in cases of wnexpected poor performance. Reoent
sdvances in multichannel intracochlear implansotion
have genernied interest in correlating individual stima-
lating electrodes 1o piich perceplion. fo develop speech
pricessing schemes ihat map speech frequencics 0 ap-
progriate places in the cochlea, Postoperative radsologic
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assesament beocomes. therefore, an imporiasmi procedude.
In recent years, cochlear implant researchers have per-
formed investigations designed 10 document precisely
the inserEion of 1he electrode array &nd the locabion
of individual electrodes (3-5). Computed tomography
and 3D reconstnaction became the focus of ths nesearch.
because Magnetic resonance imaging is comraindicated
for postimplastation assessment (6} 10 0UT expenicnoe.
T ks necessary only if complications arise. To establish
the position of 3 multichanne! intracochlear electrodee.
CT is oot used routinely, because each omogram can
show only 2 part of the elecirode array. Although a 3D
recomiruction of the cochlea can be oblained from a
spiral CT scan, images are affecied by partial volume
averaging. and individual electrodies cannit be clearly
distinguished (5). We may expect to get improved CT
images in the future as the technology is further im-
proved, At present, conventional skull radsography (plin
rldlnpﬂh]muﬂltlmleumddlmtimﬂﬂlh
intracochlear electrode armay i an appropriale projeciss
s adopied.

To determine a proper view for displaying the intra-
cochiear electrode armay, it is necessary 60 review the
somesponding anatomy of sthe petrous bone, including
ibe cochles. in relation o the reference lings or planes
and other sructures of the skull,
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Radisgraphy of cechlear view

The patsent s seaked i front af a vertical device iFug
4 AL The head rests on the forchead. nose. and eyvgo-
matic bone on the implamted side, and (e median saginal
plane (501 is 1hen adyusted to form an angle of 307 with
the plane of the film (Fi. o protrocior being ased as a
guide, The flexion al the peck i adjested o make the
horizontz] plane (HF) comasning two infraorbitomeatal
lines (2} perpendicular to the image receptor (see Fig. 4
Bi. A fene-focus fube asd a semall localizing cone are
essential (B) The central ray (CR) pencrrsies the occipu
withaut any amgulabos and exits from the skull at a2 pois
=30 em anterior and (.7 ¢ superior bo the eviernal
auifitary meatus Clesest fo the image receplor.

Ifmiages afe taken wiihout & grid. The use of macrora-
dimgraphy. namely an enlargemens fechmique, w show
the micrelectrode orray is pamicularly mewarding. The
Ffocus—phey distance is 90 cm, and the chject-image
distamce i M om in our mackice. An exposure of 80
s and B0 kY was wed for o medium-sized sdul will
o fene-detni] casseibe.
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Resulting radisgruph of cochlear view

In a cochiear view radsograph (Fig. 5 AB), the vesi-
bube (V) is identified a8 an oval lucency. which is di-
rectly lateral to the 1AM, Inferiordy. it i bordered by the
most proximal extremity of the basal nam of the cochlea,
Superiorly, the S5C appears as a vertical lucent line of
elliptical ring surrounded by the dense bany capsule. The
superior bony margin of the 55C forms a convexity on
thie roof of the petrous bome; this convexily is called the
mrcuste eminence. Laterally, the LSC is also wen s a
horizostal lucens elliptical ring.

The bony capsule of the cochlea is visualized as an
extremely dense shadow just at the bonom of the 1AM,
The multichanne] intracochlear edecirode amay (Eb ap-
pears as & two-dimensional spiral with its basal part lo-
cated inferiorly. The LAM cam be seen clearly as a ladeni
chanme] with well-defined walls, The round window s
not visealized on o plan radsograph. bt ot would be
infenor 1o the vesibule,

Radiclogically, the 55C and the 'V can be casily rec-
ognized and form important landmarks i the radiologic
anmiomy of the cochlear view.

APPFLICATION OF THE COCHLEAR YIEW

Patsents receiving the Nuclous muliichannel cochlear
implast in our clinae ane foulinely evabunted postopern-
tively with the cochlear view. A single plain image of the
cochlear view offers a comiplete and direct emage of the
intracochlear electrode amay. The radiograph ohjectively
documents the results of implant surgery, and sny kink or
postoperative slippage of the clecirode army con be eas-
iy detected.

To evaluae obgectively the depth ol the intracochilcar
electrode ammay, fined reference poimis shoubd be wsed
Wi chose the apex of the S5C and the midpoint of (ke
vestibule 1o draw a reference line {see Fig. 5 B, Fig. 6)
To estimabe the location of the rownd windaw im relalon
1o the reference line. mdiographs of nire human lemporal
bones were made will a Muecleus electrods smay insened
im the scals rympami {12k The cochlear view of these
bones indicsied thai the extension of the [ine drawn
through the spex of the 55C and the midpoing of the
vestibule reached the elecerode at the inferior part of the
mound window.

The insenion depahs of Muclews elecirode ammays from
10 patsents were measared in our early studies (13 and
Xu 21 al., anpublished data). The average imierison depth
was |55 mm in lemgth and 33%* in angle. However, we
found oo defimibe felatbonship betwesn insenion depth in
millimeters and issertion angle in degrees. This could be
explained by the differesces i cochlear sire and the
position of the electrade array. which could be close to
the modiclus o the lateral wall,

An improved method for estimating the position of the
electrodes of an implanted array using the cochlear view
huxs b developed (121, The purpose of the method was
to quantify anghes for the individual bands of the smay.
Tio iy (Fds, W WS NECESsany 1D estimale a center poimt of
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das 1,762 mm. For male cubjects, the mean voloe Wwhis
54 mm (80 = 0.19), amd Tof femake suhjocis If WD
s 6 mm (50 = 0205 The parameiers O amd B,
P01 XRAS amd 305 were chosen w0 that whin 1he Wa-
¢ Fumction was maode equal 10 the ex pomce al fund
wugh

il |}
ibom of 100", the spirad would pass. on average. 1h
 mean found window position. Unce B mean 1emplale
mained oo

chuape had been determined B. [, and &; re

sfzmnl

= chimacal method did Dot requife imaging equip-
e positions of the electrode hamils. 1

e L
did. however, stk make ase of the mathemalecal 1e
! | fancion jus described. In ihis methad, oo
assumed that the wry will Tallve a standand Trapectory
aph will peveal i it

Tix]

ig corsory ifispetion of the '.I.l.‘lll.l:r
doos not), There are only two relevand unknowns: the
sipe o the spiral and the point 48 ahich the array Croases
the reference ling hetween SSC and V. The clinaciar
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amgles for all the bands, as described earlier. The inser.
tion bength of the electode array can be calculated easily
by use of the following formuala: number of bands
cochlea multiplied by the band separathon (.75 mm cen-
ter=cemier for the Nucleus eleconnds array )

[fsErtioh ;||L_l:|_- a5 can b ued 1o esiemads charne
tertsnic fregoencies comesponding to ke bands af an iy
planted electmde armay. The data of Bredberg (14} pro-
wide a relationship between angle and percemiage length
sloag 1he organ of Corti, while the expression of Green.
wood (15) gives frequency as a (unciion of fractonal
length aloap the crgan of Conib. Therelore, frequency can
b expresssd as 8 fusoton of angle. The 2ero angle of
Beedberp ( 14) comesponded 1o the basal end of the argan
of Conti. The daty from our previous sudy (121 showed
that the basal erd of the orgen of Coni—=0" in Bredberp’s
{14) scheme—comesponded oo an amghe of =107 in the
pres=nt scheme. The resuliing relationskip between angle
{in the presen schemne) and characiershic frequency iz
plomed 1a Figure 7. This miormabion can be wsed as
i gusde for propramming the paticn’s
AR MIrEegics

Rad apfs obtained by the cochlear view are alao
used in other ressarch progeots 16 oar depanmment. imalud-

upeech process-

P4(30.6) PI(255)

FiGE. 8. [ragram showing B clnical mathod lof sstmalieg iha
ARG gies of Bach elecode HOMm BN impLEned arniy Wy
i Chehkds ey Qacmalins congiolson imoheas rawng g
@i asom L@ wggh e dpdx OF INE SUPSNOT SSFaanCulir Chn
S35 and e medpoind of he vestbulis (V). sSimasng the con
lerof the slacirode spra, 3 CORElACHAG 8 bne parpendicuar o
the mforence bne and passng threagh T spial center, Tha
sectode Dands ane coumied starbing e Fe mogi basal saHpn
g band The oouris are noded of e ponis shown, from
moertl [ [P0} wieep e armay CrO8s thi nelanence Bng 0 T Mot
soecal tangen] poend (P4 in Ths axample). & comouted i§ wed 18
caboulafe T gpernd siure regpered B0 gove Thesn band pouely, Bne
axlmales ha insedon pngist e ol e sbacimans X s onla=]
Fands o aladrade airay, B Bl Bnais of Sartnds
Tl 1 FESUNTD FRETnON B




COCHLEAR VIEW 55

mﬂﬂlﬂmmlﬂmm‘ﬂllﬂm

Inserticn Angle [degrees)

. T, CHarecisnsso ineguency versus insemon angh, in o
=gthod. & [ dawn throogh the Sirdes port of ma ohching
jpral ahd Al Fighl angies 1o the rederandd Ene Oilined the O
geantaton (see Fig. 4]

img the development of new cochlear implant elecirodes
desagned 1o he closer 1o the modioles than the array
currestly i wse (16,17). Data from cochlear view radin-
sraphs are analyeed o evaluate the positions of the in-

vidus] hands of developmental anrays in temporal

o, particularly the destance from the modsodus. Fig-
ure § shows the posibon of 3 protolype precorved amay
m a tempornl bone, compamed with that of a standard
wurmigh array inoa patienl

DMSCLUSSIN

Tis acheeve apiimal resuhis from the cochdear view, 8
descmibed in the section on the resulting radiograph. the
‘ol img considerafions ane imporiant:

. The pnnciple of designing the cochlear view was i
make the a-ray beam direct o the cochlea and
parallel 1o the axis of cochlea (see Fig. 1 Bl The
angle A" between the sagivial plane of the paticn’s
huttid and il bisape recepein we establahed for the
coghlear view i appropriae for the magonly of
heasds, Pateents with an atypical cranbum shaps
Mhay requite adjustment of the head position to
eigin an ideal image, In penernd, patients with a
brochycephalic (short front-io-back skull require
an increase in anple A’ (see Fig. | B and Fig. 4 B)
bevasise of a wiler angle A (see Fip. | B compared
with the normal-shaped skull. and patients with a
dolichocephalic (hong From-ro-baek) <kull reguire a
deviease tn angle A° bevasse of a nastower anghe A
compared with the normal-shaped <kull. Also, the
mean valee of angle A In the child group was
slightly larger tham i the adult groap Anghe A can
e measured in a preoperative CT image. Our pre-
vious study (135 showed that a 14" difference in
head posibening did oo significamily alier the
depah of nsertion. as measured in degrees or mal-

limeters. Therefore, only if the image s distored-—
rurujmph.ﬂ:m:d:m_\-lwmhauhd
mwn-dimensisonal spiral, or the 55C and V canmot
be recognited—is reposItioning of the patiem =
henil pecessary.

2. The conirast beiwesn the demse bony :.!.mu_ur:ud
the flusd-filled membranous w provides (he
possibality of highlighting sev andmarks on a
plaim nﬁunﬂlﬁhﬂ as ihe vestibule and ke
semicircular cansls, These landmarks are very im-

im devermining depth of imeriica {lengih

and angle} and position of the individual electrode.

In sddirion to proper hesd positioning, suitable ex-
posures ane important, The exposures (kilovols
ond milliampere-seconds) wsed in our chini are

| Stondard array

Developmental array
(in temporal bone)

5-4-3-2-10 | 2 3
mm

FIG. & wwmhm&mﬂm
Wﬂmﬂlmmmmﬂ"
scaka Bmass of @ Mmpoml bone, compared vith the position &
& staradard strieghl aemy in & patent. Sobd Gne = mean poston
of cuber and inf wills of scola bympani. caEted Ene = mesn
positon of The standand srmghl army.

The American fosvnal of Crstugy, Vol, 11, N J, 2000
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anly indications for other centers, expasares. may
need to be adjusied to obtain optimal contrast

3, Macroradsography is vital w show the microelee-

trode array. If mucroradsographic facilities are ool
available, the image—ohject dismnce can be in-
creased 1o achieve & similar effect.

Wew contpuser algombims for submillimeter resodution
and 3D reconstruction from spiral computed fome-
graphic scans show great promise for sccurme determi-
pation of the position of implanted lectrodes within the
cochlea (4), bui the individusl electrodes cannot be dis-
tinguished 5). The plain radiogragh cochlear view is a
good alternative, giving a chear image of the whele in-
macochlear elecirods asray and each individual electrode
Its. ssmplicity, minimal radistion, and low cost make the
cochleas view useful and practical. It can be widely used
in all cochlear implant clinics and reseanch mstitutes.

The cochhear view has become a mutine radiographic
procedune for postoperative assessment of cochlear im-
plamation in our clinic. It is an objective documemation
af the depth of elecirode insertion. In most Gases, sur-
w;:mmmmrmunrwmmm
the cochlear view, In some cases in our clinic, pateent
performance was not consistent with the surgical esti-
mate of imsertion depth. It was found from the cochlear
view that the electode anmy was kinked in the proximity
of the basal turm

The rescarch and clinical methods (12} were devel-
oped 10 extract gquantitative iaformanon from cochbear
view radiographs. Audiologisis and speech pathologists
have foand the clinkcal method {12) for specifying the
penition of each electrode useful for managing frequency
mapping and oplimizing specch processing srateges.
The research method, combined with computer analysis.
can provide information about the laeral position of the
amay within the scala tympanmi, which is very uscful for
the development of improved electrode arrays (16178

Cochlear view provides a primary source of informa-
tion, which can be znalyacd 0 many ways.

CONCLUSION

O the hasis of onatomscal sudies. the cochlear view
technague of skull radiography was developed. Appliva-
tion of the cochlear view has shows thal it is & wseful
posioperative procedure for documenting the results of
implant surgery and for evaluating the depth of msertion
{length and angle) and position of the individual eleg-
prode hands. It serves &5 o valuable reference far man-:
aging frequency mapping. optimizing speech provessing
sirnbepies. and conducting research studies. The methud

The e Jowmal of Owdhagy, Vol 1 Mo I Do

can be widely usod in all cochlear implant climics be-
cagse of its aimplicity, low radiarion, speed, and mini-
mual cosl.

« The sethors thenk Julianna M. Silver-
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