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ABSTRACT 

Postoperative plain film x-rays are necessary in all multichannel cochlear implant 
patients to confirm intracochlear position, detect possible electrode kinking, and 
provide a reference if postoperative sl ippage occurs. In addition, precise documentation 
of multichannel intracochlear electrode insertion depths is necessary for comparison of 
speech recognition results among patients and may be of use for future speech 
processing strategies. In the present study, a method has been devised, using a modified 
Stenver's view, to more accurately document insertion depths of the electrode array and 
location of individual electrodes on 50 multichannel cochlear implant patients. Surgical 
estimates of insertion depth are shown to have great variability in regard to distance 
along the basilar membrane when compared with x-ray documentation. Additionally, 
there is preliminary evidence that insertion depth, as determined by x-ray studies, has 
a strong correlation with open-set speech discrimination. 

Precise documentation of insertion depths and 
electrode positions for the Melbourne/Cochlear 
multichannel cochlear implants is vital to ensure 
correct intracochlear positioning and absence of 
electrode kinking. Surgical estimates of insertion 
depth have been shown to be a significant factor in 
predicting open-set speech understanding. I It is im
portant in patient studies to control for insertion 
depth, and therefore a precise method of report is 
needed. Future speech processing strategies may in
corporate characteristic frequency mapping. In this 
form of mapping the electrodes are matched to the 
characteristic frequency of the surviving ganglion 
cells. Knowledge regarding the position of electrodes 
in respect to the characteristic frequency of the 
stimulated ganglion cells will facilitate mapping. 

The insertion depth of the Melbourne/Cochlear 
multichannel implant is often taken from the opera
tive report, but this method has several draw backs. 

Surgeons counting the electrodes outside of the 
cochlea are hampered by a narrow view through the 
posterior tympanotomy and are looking down the 
axis of the electrode array. Secondly, there is no 
convention as to whether the counting should begin 
at the level of the scala tympani, at the beginning of 
the cochleostomy, or from the round window niche. 
Thirdly, cochleostomy sites vary between one case 
and the next. A round window insertion does not 
permit the surgeon to insert the electrode array as far 
along the basilar membrane as a more apically placed 
cochleostomy, for the same length of inserted elec
trode. In addition postoperative slippage may occur 
if the electrode array has not been fixed at the fossa 
incudis buttress. Lastly, surgical estimates of depth of 
insertion do not localize the individual electrodes. 
For these reasons we have devised a technique to 
more objectively document insertion depth utilizing 
a modified Stenver's view. 
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MATERIAL AND METHODS 

Patients were randomly chosen from the Mel
bourne cochlear implant clinic at the Royal Victorian 
Eye and Ear Hospital. The surgical depths of inser
tion were taken from the operative reports. The 
surgical team at the hospital counted the number of 
electrodes outside of the superficial aspect of the 
cochleostomy, and from this, the length of insertion 
depth was inferred. The x-ray study was performed in 
three parts. A dry human skull 'with a multichannel 
implant was x-rayed with multiple modifications of 
Stenver's view, to obtain a range of views to be tested 
on patients, as well as to devise a measurement tech
nique. A pilot study on 12 patien ts was then per
formed, utilizing four views, to obtain an optimum 
view for measuring insertion depth and to assess the 
insertion depth variability between views. The third 
part of the study included 50 patients x-rayed with the Figure 1. Schematic of labyrinthine structures as seen 

on a modified Stenver's view. SSC =superior semicircular 
canal, LSC = lateral semicircular canal, V = vestibule, C = 
cochlea. 

empirically derived optimum view to assess correla
tion with the surgical estimate of insertion depth. 

Modification of Stenver's View 

A conventional Stenver's view is an oblique pos
teroanterior projection of the petrous bone with the 
patient in the prone or sitting position. The head is 
adjusted such that the mid-sagittal plane is angled 45 
degrees to the film plane and the infraorbitomeatal 
line (a line through the infraorbital rim and superior 
aspect of the external auditory meatus; also known as 
Frankfurt's line) also perpendicular to the plane of 
the film. The cen tral x-ray beam is then angled 12 
degrees cephalad to the infraorbitomeatal plane, a 
plane containing the right and left infraorbitomeatal 
lines, which is also known as the horizontal plane. 2 

To select the modification of Stenver's view that could 
give the optimum projection of an inserted intraco
chlear electrode array and other labyrinthine struc
tures, multiple variations of the view were carried out 
on a dry human skull with an implanted electrode 
array. It was thought important at the outset that 
other labyrinthine structures, specifically the supe
rior semicircular canal (SSC) and vestibule, as well as 
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the inserted array, be well visualized to later serve as 
reference points from which to measure. In general, 
an optimum view would have the central ray parallel 
to the modiolar axis so that the electrode array is 
essentially parallel to the film plane and does not 
overlap itself. Simultaneously, the view would show a 
clearly definable reference point or points upon 
which measurements could be based. The pertinent 
structures to be visualized are shown in Figure 1. 

Selection of Optimum Modification of
 
Stenver's View
 

A range of possible modifications of Stenver's 
view meeting the above criteria were selected from 
dry-skull study. These were then tested on implanted 
human subjects, to determine the optimum view for 
patients and to assess variability among the views. 

A pilot group of 12 patients implanted with a 
Melbourne/Cochlear multichannel implant were x
rayed with four modifications of Stenver's view that 
were suggested by our dry-skull study (Table 1, Fig. 2). 

I I' --,( !I~-
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Figure 2. Upright radiography. Modification of Stenver's view. Y = angle between mid-sagittal plane (M) and film 

plane (F); X=angle between infraorbitomeatal line (IOU and the central x-ray beam (CR). 

387 



THE AMERICAN JOURNAL OF OTOLOGYjVOLUME 14, NUMBER 4 July 1993 

Table 1. Study on Modification of Stenver's View 

Modification Angle X Angle Y 

1 10 45 
2 10 50 
3 10 55 
4 a 50 

(See Fig. 2 and lext for definitions of angle X and angle Y.) 

Angle X is the angle between the central x-ray beam 
and the horizontal plane; angle Y is the angle be
tween the mid-sagittal plane and the plane of the film 
(see Fig. 2). A bather's cap, with a line along the 
mid-sagittal axis, and a protractor are used to mark 
the correct angle Y. The central x-ray beam is perpen
dicular to the film plane, and the head is adjusted to 
obtain the correct angle X. An optimum view for 
patients was empirically selected from the four tested 
views. The use of fine focus and a small localizing 
cone are essential. Enlargement techniques (i.e., 
macrographs) are also employed. Every effort is 
made to obtain good contrast and accurate position
ing of the patient. 

Radiologic Evaluation of Electrode Insertion Depth 

The view utilized in common with this portion of 
the study was based on the empirically derived opti
mum view. Fifty patients were included in this por
tion of the study, including the 12 from the pilot 
study utilizing the view with Y = 50 degrees and X = 0 
degrees (see Results). To objectively document the 
depth of insertion and to localize individual elec
trodes, the radiograph had to be subdivided in re
spect to fixed reference points. We chose the apex of 
the sse and the mid-point of the vestibule to define 
a baseline to which other lines would be referred. 
Preliminary studies of Silastic molds and 3-D com
puter reconstructions of the labyrinth indicate that 
this baseline passes near the round window. 

Dividing the Cochlea 

The cochlea is divided by drawing vertical and 
horizon tal lines so as to create quadran ts of the 
cochlea on the x-ray film itself or on translucent 
paper (Fig. 3). The first vertical line (VL1) is drawn 
through the superior semicircular canal, which opti
mally, should be nearly parallel to the axis of the 
central x-ray beam and usually appears as a single 
radiolucent shadow. If the axis of the x-ray beam is 
not parallel to the plane of the sse, the sse appears 
as an elliptical loop. Nevertheless a vertical line (VL1) 
is drawn through the center of the sse apex and 
through the center of the vestibule, which is meas
ured directly. The vestibule is always well visualized if 
the radiologic technique permits sse visualization. 
This is the baseline (VL1) on which the other lines 
are oriented, and therefore care should be taken in 
its construction. 

Figure 3. Top, Magnified 50/0 degree posteroante
rior oblique view of patient 38. E= intracochlear electrode 
array; SSC = superior semicircular canal; V = vestibule. 
Bottom, Cochlea divided into quadrants. See text for defi
nitions of lines VL 1, HL 1, VL2, HL2, VQL, and HQL. This 
radiograph shows 540 degrees and 22.8 mm of insertion 
from VL 1. Surgical insertion depth was 25 mm. 

The first horizontal line (HLl) is drawn perpen
dicular to VL1 at the level of the lowest point of the 
basal turn. The lowest poin t of the basal turn at times 
is directly visualized, but more frequently it is sug
gested by the curvature of the inserted array, because 
the electrode array often rests on the outer wall of 
the scala tympani. The second vertical line (VL2) is 
drawn parallel to VLl (perpendicular to HLl) across 
the anterior margin of the basal turn (tangen t to the 
ascending basal turn). The margin may be directly 
visualized, but is usually marked by the electrode 
array along the outer wall of the scala tympani. The 
second horizontal ]jne (HL2) is perpendicular to 
VL1 and is drawn tangentially to the superior-most 
portion of the basal turn, thus enclosing the cochlea 
in a rectangle defined by VL1, HLl, VL2, and HL2. 
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The superior-most portion of the basal turn may be 
directly visualized, but if not, it can be defined by the 
electrode array, if present to this point. 

To begin dividing into quadrants, the distance 
between HLl and HL2 is measured and a line is 
drawn horizontally through the mid-point perpen
dicular to VL1 and VL2. This is the horizontal quad
rant line (HQL). 

The last line is the most difficult to draw. A 
vertical line is drawn perpendicular to HL1 and HL2 
(parallel to VL1) through the mid-point of the por
tion of HQL defined by VL2 and the posterior (ves
tibular) margin of the apical end of the basal turn, 
which is directly visualized. This margin is almost 
always visualized with good radiologic technique. If 
the cochlear margin is not directly visualized, the 
mid-point between VL2 and the posterior edge ofthe 
electrode array (if present at this point) along HQL 
is utilized. This is the vertical quadrant line (VQL). 
The intersection of HQL and VQL is the center of 
the basal turn. 

Quantifying Insertion Depth 

Once the cochlea has been divided into quad
rants by the HQL and VQL, the depth of insertion is 
quantified. The number of electrodes are counted 
for each quadrant. The first quadrant of the basal 
turn begins at VL1 and ends at VQL. (VL1 is used as 
the starting point because it is likely to cross near the 
round window area, as seen in the dry-skull study and 
Silastic molds of the osseous labyrinth.) Subsequent 
quadrants are based on HQL and VQL. For example 
the fourth quadrant of the basal turn is defined by 
the superior arm of VQL and the vestibular (poste
rior) arm ofHQL. Electrodes that fall on the dividing 
lines are counted one half for each of the contiguous 
quadrants. For example, in Figure 3(bottom) the 
electrodes in each quadrant would be documented 
as 6.5 E 1st B (6.5 electrodes in the 1st quadrant of 
the basal turn), 5.5 E 2nd B, 6 E 3rd B, 5 E 4th B, 4 E 
1st M (M = middle turn), 3 E 2nd M. 

To calculate the linear insertion depth, the total 
number of electrodes distal to VL1 are counted and 
multiplied by 0.75 mm (distance between electrodes) 
and 0.3 mm added (length of tip). The turns are 
divided into 24ths (6/24ths per quadrant) and the 
number or fraction of turns occupied is converted 
into degrees of insertion . For exampie, Figure 3 (bot
tom) shows the entire basal turn occupied (24/24) 
and half of the middle turn (12/24), that is, 1.5 turns 
were occupied by the array, giving 540 degrees 
(1.5 x 360). 

RESULTS 

View Selection 

An analysis of variance (ANOVA) with radiologic 
view as the independent variable showed no signifi-
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cant difference between the four modifications of 
Stenver's view with respect to radiologic insertion 
depth, as measured in degrees (p> 0.997) or mm 
(p > 0.993) from VL1. The range of difference of 
insertion depth, as measured in degrees, was not 
more than 16 degrees in any patient for the four 
modifications tested, and the mean of the difference 
between views per patient was 3.6 degrees (SD = 6.9 
degrees). The range of difference of insertion depth, 
as measured in millimeters, was not more than 
1.5 mm in any patient, and the mean of the differ
ence between views per patient was 0.81 mm (SD = 
0.34 mm). Therefore there is little error introduced 
in terms of degrees or millimeters of insertion from 
VL1, if one of the modifications listed in Table 1 is 
used. Since there is little variability noted among 
several different views, it is unlikely that repeated 
measures on any individual view would show signifi
cant variability. Utilizing our measurement tech
nique, documentation of insertion depth is reliable 
and repeatable. In three of our patients the electrode 
array had passed into the second quadrant of the 
middle turn. In these patients the optimum view was 
Y = 50 degrees and X = 0 degrees, in that the other 
views at times resulted in overlap with the array in the 
basal and middle turns (Fig. 4). This view more 
commonly resulted in the central x-ray beam being 
in the plane of the SSe. Radiographs with Y = 45 or 
50/X = 20 degrees were tried in the early portions of 
the study but were discarded secondary to electrode 
overlap. It appears, though, electrode overlap does 
not affect quantification of insertion depth. Because 
the sse, vestibule, and electrode array were the ma
jor orienting landmarks, optimum viewing was essen
tial. For these subjective reasons, the 50/0 degree 
view was chosen as the optimum view, even though 
minor angulation changes do not affect depth quan
tification. 

Figure 4. Magnified 50/20 degree posteroanterior 
oblique view of patient 49. Note the overlap of the elec
trode array image between the middle and basal turns. 
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Figure 5. Graph of surgical insertion depth versus 
x-ray insertion depth in millimeters. 

Correlation of Surgical and Radiologic Depth 
of Insertion 

Comparison of the surgical insertion depth in 
millimeters with the radiologic linear insertion depth 
in millimeters from VLl is shown in Figure 5. There 
is great variability of millimeters of insertion radi
ologically for any given surgical insertion depth. For 
example 25 mm of surgical insertion depth corre
sponds to a range from 13.8 mm to 25 mm, or 210 to 
540 degrees of radiologic insertion depth. Thus, the 
surgical depth of insertion does not give a consistent 
distance along the basilar membrane. 

DISCUSSION 

Postoperative radiographic documen tation is 
necessary for all implant patients to ensure intraco
chlear position, detect electrode kinking, and serve 
as a reference, in addition to future uses, for speech 
processing strategies and research purposes. Al
though high resolution eT is a significant advance
ment in the radiographic evaluation of small struc
tures of the temporal bone, the plain radiograph of 
a modified Stenver's view is the best way to demon
strate the whole intracochlear electrode array. It 
takes several tomograms to cover the cochlea and 
each tomogram shows only part of the electrode 
array. In addition, the artifact caused by metal elec
trodes blurs the image. A single, plain radiograph of 
a modified Stenver's view is sufficient to demonstrate 
the electrode array as a whole and clearly shows the 
position of each individual electrode. 

The 50/0 degree posteroanterior oblique view 
with the mid-sagittal plane forming an angle of 50 

degrees with the plane of the film and the central ray 
2 cm above and parallel to the horizontal plane 
(infraorbitomeatal plane) is the empirically derived 
best choice for showing the electrode array. The sse 
is approximately perpendicular to the axis of the 
petrous bone, which is angled 40 to 54 degrees to the 
mid-sagittal plane depending on various head mor
phologies and ages. 2,3 The plane of the sse and the 
cochlear axis are roughly parallel. 4 The 50/0 degree 
oblique view of the petrous bone results in a radio
graph in the majority of patients that shows the sse 
as a vertical lucent line, the vestibule as an oval 
lucency, and the in tracochlear electrode array lo
cated in basal and middle turn as a non-overlapping 
spiral (see Fig. 3). Although the other views did not 
significantly alter the depth of insertion, as measured 
in degrees or millimeters, they were less than opti 
mum qualitatively, because of electrode overlap and 
identification of the sse (see Fig. 4). 

The construction of the baseline (VLl) is critical 
in maintaining low intrasubject variability and repeat
ability. In the technique presented, a line is drawn 
between two points (the apex of the sse radiolu
cency and the measured center of the vestibule), 
chosen after the consideration of alternatives. Other 
procedures considered, but not tested statistically 
were to bisect the sse, but at times the posterior limb 
of the loop was not visualized, or to draw a line 
between the apex of the sse and the cen ter of its base 
(i.e., where the sse joins the vestibule), but again 
some radiographs of the same patient did not clearly 
visualize the base. The radiographer's attention to 
detail is essential for good quality films. The vestibule 
is always well visualized if the sse is well visualized, 
although its margins are sometimes indistinct. Nev
ertheless. a small error in estimating the center of the 
vestibule would not magnify the error ofdrawing VLl 
as much as a similarly small error with the other two 
techniques, since the defining points are further 
apart. Thus the present technique of constructing 
VLl minimizes intrasubject variability. 

The authors obtain postoperative modified Sten
ver's views on all implant patients. It is difficult to 
have all children less than 3 to 4 years ofage maintain 
the optimum positioning in the awake state, there
fore 50/0 degree AP oblique projections, instead of 
a posteroanterior oblique view, are routinely per
formed on all young children just prior to extubation 
intraoperatively, to document electrode position. In 
the AP projection the patient is in the supine posi
tion, and the head is turned away from the implanted 
side, similar to the posteroanterior projection, so that 
the sagittal plane is again 50 degrees to the plane of 
the film and the cen tral x-ray beam is parallel to the 
horizontal line. It should be noted that AP radiogra
phy delivers a higher radiation dose to the lens of the 
eye, which is considered radiosensitive. Using leaded 
glass or a small field of view can minimize potential 
injury to the lens. 

It is common to report intracochlear implant 
insertion depths from the operative report, based on 
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the number of electrodes left outside the cochlea, 
but as this study reveals, there is great variability of 
radiographical1y determined insertion depths for 
identical surgical insertion depths. This variability is 
attributable to the difficulty in counting electrodes, 
different insertion sites, possible postoperative slip
page, and varying cochlear shapes and sizes. While it 
would be convenient to continue to report insertion 
depths in terms of distance from a defined anatomic 
point (such as the round window), there is no easy 
way to do this utilizing a plain film. Although a line 
through the apex of the SSC and the mid-poin t of the 
vestibule (VLl) appears to come close to the round 
window (based on Silastic molds of the labyrinth and 
3-D renderings of histology slides) this cannot be 
relied upon until further studies are completed. To 
simplify matters, we have chosen to describe depth of 
insertion as degrees of insertion from VLl or as linear 
distance in mil1imeters by counting electrodes from 
VLl. The technique of quantifying insertion depth 
radiological1y is simple and reliable. Once the tech
nique is mastered it requires less than 5 minutes; it is 
resistant to radiologic positioning error within a cer
tain range, and with experience, there is excel1ent 
reproducibility. 

We have x-rayed the first patient with bilateral 
multichannel implants and correlated the psycho
physical results, surgical report, and x-ray study to 
corroborate the accuracy of x-ray insertion depth 
over surgical insertion depth. The x-rays predicted 
that there would be a six-electrode difference (i.e., 
the right implant inserted six electrodes further). 
Psychophysical testing also found exactly a six-elec
trode difference (right deeper than left). The surgi
cal reports, however, stated the right had a 2l-mm 
and the left a 23-mm insertion, which was contra
dicted by both the x-ray estimate and the psycho
physical results. As the electrodes had not been fixed 
at the fossa incudis, the likely explanation for this 
discrepancy is postoperative slippage. Further clini
cal experience has shown the present x-ray technique 
to correlate well with mapping discrepancies in diffi
cult cases. In particular, it is possible to determine 
accurately which electrodes are outside the cochlea, 
since many times the cochleostomy can also be visu
alized. The present technique is expected to find its 
most immediate application in sorting out mapping 
problems and as a routine procedure prior to map
ping, especial1y in young children. 

Correlation of patient performance with radi
ologic insertion depth is pending. Blarney et all have 
shown that surgical estimates of insertion depths are 
correlated with open-set CID sentence scores with a 
correlation coefficient, R, of 0.225. A preliminary 
analysis was performed on the 20 patients in this 
study who were post-linguistical1y deafened adults, 
spoke English as a native language, and had speech 
results using a WSP III speech processor. The results 
of open-set CID sentence scores were correlated with 
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the surgical or radiologic insertion depth. Linear 
regression with the CID score as the dependant vari
able showed an R = 0.33 (P < 0.15) with the surgical 
insertion depth as the independent variable and R = 
0.59 (P < 0.006) with the radiologic insertion depth, 
in mil1imeters from VLl, as the independent vari
able. Multiple regression analysis with other perti
nent variables wil1 be required in the future to test 
these preliminary results. If the correlation between 
open-set CID sentence scores and radiologic inser
tion depth remains around the level found in this 
study then radiologic insertion depth wil1 be an im
portant variable to control for in future studies, be
cause it may account for 30 to 40 percentofCID score 
variability (R2). 

For the purpose of characteristic frequency map
ping, the insertion distance in mil1imeters or degrees 
from VLl cannot be directly related with distance 
along the basilar membrane or z.s a percentage of 
total cochlear length as required by Greenwood's5 
cochlear frequency-position function. It may in fact 
be more useful to consider angular distance for char
acteristic frequency mapping, since the electrode 
array may not always lie along the outer waH of the 
scala tympani. Bredberg6 has performed temporal 
bone studies that correlate the degrees along the 
basilar membrane to the distance. The degrees of 
insertion of the electrode array or polar coordinate 
of a particular electrode, as determined by our plain 
film technique, cannot be correlated with Bredberg's 
study at this time, since he referred to an origin at the 
helicotrema, which cannot be pin-pointed radiologi
caHy. Studies are presently under way to make the 
correlation between radiologic insertion depth and 
Greenwood's frequency-position function. The even
tual aim would be to facilitate characteristic fre
quency mapping. 
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