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Cochleostomy on Current Flow With a Cochlear Implant
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Objectives: A method for stimulating the cochlear apex using perimodi-
olar electrode arrays is described. This method involves implanting an
electrode (ECE1) into the helioctrema in addition to standard cochlear
implant placement. One objective is to verify a suitable approach for
implanting ECE1 in the helicotrema. Another is to determine how place-
ment of ECE1 reshapes electric fields.

Design: Two cadaveric half-heads were implanted, and electric voltage
tomography was measured with ECE1 placed in many positions.

Results: An approach for placing ECE1 was identified. Changes in elec-
tric fields were only observed when ECE1 was placed into the fluid in the
helicotrema. When inside the helicotrema, electric voltage tomography
modeling suggests an increased current flow toward the apex.

Conclusions: Placement of ECE1 into the cochlear apex is clinically fea-
sible and has the potential to reshape electric fields to stimulate regions
of the cochlea more apical than those represented by the electrode array.

Key words: Apex, Cochlear implants, Current shaping, Helicotrema,
Perimodiolar.
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INTRODUCTION

Cochlear implant electrode arrays that are placed close to
the cochlear modiolus have many potential advantages over
electrode arrays that are placed along the lateral wall. By plac-
ing electrodes closer to the target neural populations, reduced
electrical charge is needed for stimulation. This may result in
a reduced spread of excitation from each electrode yielding an
improved spectral representation along the cochlea. In addition,
a reduction in required electrical charge can yield extended bat-
tery life (Gibson & Boyd 2016; Lee et al. 2019).

Electrode arrays have been produced with precurled shapes
(“perimodiolar arrays”) that are designed to place electrode
contacts more closely to the modiolus than contacts placed
along the lateral wall. Engineering considerations make it
challenging to design precurled electrode arrays to be inserted
significantly deeper than 1 turn into the cochlea. As such, all
commercial precurled arrays, such as the Cochlear Contour
Advance, Cochlear Slim Modiolar, and Advanced Bionics
HiFocus MS, are designed to be inserted approximately 1 turn
into the cochlea. Therefore, it remains unknown if providing
stimulation even deeper into the cochlea would have additional
benefits for these perimodiolar arrays.

We have developed a new technique to provide apical
stimulation using conventional perimodiolar electrode arrays
(Landsberger et al. 2022). In this technique, the cochlear

"Department of Otolaryngology, New York University Grossman School of
Medicine, New York, New York, USA; and >Advanced Innovation, Research
and Technology Labs, Cochlear Ltd., Lone Tree, Colorado, USA.

implant electrode array is inserted using the standard approach
via a round-window or peri-round-window cochleostomy. The
surgery deviates from the standard approach in that an addi-
tional electrode is placed within the lumen of the cochlear
helicotrema. This additional electrode (“ECE1”) is found on
all modern devices from Cochlear Ltd. and was intended to be
placed under the temporalis muscle periosteum. Stimulation can
be made from an electrode along the array with reference either
to ECELI or to an extracochlear electrode on the case (“ECE2”)
of the cochlear implant. It is expected that in this configuration,
using ECE1 as a reference, the current path from an electrode
on the array will extend up the cochlea toward ECE1 whereas
using ECE2 as the reference will provide the standard “mono-
polar” stimulation used in most cochlear implant systems.

One of the noteworthy attributes of this method is that it
can be implemented without modification using only currently
available and Food and Drug Administration (FDA) approved
cochlear implant hardware and fitting software. Therefore, if
successful, there is little barrier to clinical implementation as
demonstrated in Landsberger et al. (2022). Furthermore, stimu-
lation between ECE1 and ECE2 would produce monopolar
stimulation at the apex of the cochlea, providing a deeper site
of stimulation than provided by the electrode array. Stimulation
between ECE1 and ECE2 would require changes to the fitting
software but not the internal chipset of the cochlear implant. In
addition, this method provides the opportunity to determine if
there is benefit to providing additional apical stimulation with
a perimodiolar electrode array without needing to design and
validate a new hardware platform.

Previous work has demonstrated that the approach for insert-
ing an electrode into the apical turn of the cochlea is feasible.
Early work from Chouard et al. (1983) described a technique in
which 12 individual electrodes were inserted into the cochlea
with a corresponding 12 cochleostomies. In the majority of
his patients, five of the cochleostomies were in the second
cochlear turn. Multiple reports have described insertions of
electrode arrays from cochleostomies in the second cochlear
turn to avoid otosclerotic cochlear regions (Montandon et al.
1994; Smullen & Balkany 2005; Roland et al. 2008). Kileny et
al. (1998) inserted a return electrode into the endosteum of the
apical turn of the cochlea, but it does not appear to have entered
the fluid space. Therefore, it was unlikely to have altered the
electrical current paths in the way we report here. Middlebrooks
and Snyder (2010) inserted single electrodes into cat cochlear
helicotrema. Stimulation from this electrode activated fibers
representing lower frequencies than stimulation from electrodes
along a basally inserted conventional electrode array. It is inter-
esting that neurons stimulated by the apical electrode were able
to rate-lock to higher rates than neurons stimulated by elec-
trodes from the conventional electrode array.
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There are two goals of the present article. The first is to
define and verify a suitable approach to implant ECE1 inside
the cochlear apex. It is expected that insertion of ECE1 into the
helicotrema will allow current to be spread toward the cochlear
apex. It would be desirable if a shift toward the apex would
occur with ECE1 placed near the helicotrema as this would not
require an additional apical cochleostomy for placement. The
second goal is to determine the effect of location of ECEl on
electric fields. Previous work has demonstrated injected current
exits the cochlea via the modiolus, the basal end of the cochlea,
and through the cochlear walls (Tran et al. 2015). We hypoth-
esize that placement of ECE1 in or near the cochlear apex will
reduce the percentage of current exiting via the basal end of the
cochlea. In the present article, the electric fields are measured in
as a function of placement of ECE1 in two cadaveric half-heads
implanted with a CI24RE cochlear implant.

MATERIALS AND METHODS

Surgical and Anatomical Consideration

Two cadaver half-heads were obtained from Science Care
(Phoenix, AZ). They were lightly fixed, frozen for transport,
thawed, and hydrated with saline. For both specimens, an
Advance-off-Stylet technique was used with CI24RE Contour
Advance electrode arrays (Cochlear) to achieve full insertions.
Electrodes on the Contour Advance array are numbered 1 to 22
in order such that EL22 is the most apical contact and EL1 is the
most basal contact along the array. The implant receiver-stim-
ulator (with ECE2 return electrode) was placed under the skin
at the normal position. The ball electrode (ECE1) was initially
placed in a pouch underneath the temporalis muscle as is this
surgeon’s standard practice. X-ray fluoroscopy was used to visu-
alize the electrode array using a Stenvers view. This validated
intracochlear insertion and good positioning in the cochlea.

For the first specimen (right side), the external auditory
canal was disconnected from the surrounding bone to allow
visualization of the apex of the cochlea. The incus was removed.
Then ECE1 was placed at various positions while electrical

recordings were made. Later, the apex was opened, and ECE1
was placed within the apex of the cochlea (helicotrema). This
was accessed via a small 1-mL cochleostomy anterior to the
cochleariform process just inferior-medial to the tensor tympani
muscle at its midportion. For the second specimen (left side),
the external auditory canal was not altered. The middle ear was
accessed by taking out the incus, taking down the incus bar, and
allowing good visualization of the target. ECE1 was placed at
various positions including at and inside the apex of the cochlea.
Soft tissue was packed around ECEL1 in all positions. After the
final measurement, cyanoacrylate glue was placed at the apex
to electrically re-seal it. Video recording of both surgeries was
performed.

Electrical Measurements

Impedance and electrode voltage tomography (EVT) mea-
sures were made for each placement of the ECE1 electrode
using custom-written software and the NIC 2.23 interface.
Conditioning stimuli were used so that the electrode-fluid
interface was stable before the beginning of the key mea-
sures. In all cases, stimulation was between a given intraco-
chlear electrode and ECE1l and recording was between all
intracochlear electrodes and ECE2. To determine the amount
of current flow basally and apically, a resistive modeling
analysis was used. Specifically, the percentage of transversal
current (ITrans %) was calculated at each intracochlear elec-
trode using the model described in Vanpoucke et al. (2004).
A detailed description of the model is presented in sections
Results and Discussion, ITrans % is presented in section V B
of Vanpoucke et al., and illustrated in Figure 13 of Vanpoucke
et al.

RESULTS

Electrode Placement

Both electrode arrays were placed within the ear in a rela-
tively perimodiolar position. As illustrated in Figure 1, the api-
cal cochleostomy was performed after removal of the incus.

Fig. 1. Right: temporal bone dissection detailing relevant anatomy, left ear. Left: electrode in apical cochleostomy with fascia over the area, right ear. In the left
image, the apical aspect of the cochlea is just inferior to the tensor tympani muscle, 2mm anterior to the edge of the oval window. In this image, the apical
area is unroofed revealing full size and location. In a procedure, we make a 1 mm opening for the electrode. The right image shows the Incus bar and incus
removed in the right ear and ECE1 placed in the cochlear apex with soft tissue covering. AC indicates apical cochleostomy; CP, cochleariform process; LSCC,
Lateral Semicircular Canal; OW, oval window; RW, round-window; TM, tensor muscle; TT, tensor tendon.
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Fascia was placed on top of the ECEI electrode at that point
and both were placed under the malleus.

Voltage Across Electrodes

For stimulation between intracochlear electrodes and ECEI,
the voltage between intracochlear electrodes and the unstimu-
lated far field ground was measured. In Figure 2, the voltages
from each of three intracochlear electrodes (6, 11, and 16 in the
top, middle, and bottom rows, respectively) were plotted as nor-
malized to the peak voltage. The process was repeated for both
cadaver 1 (left column) and cadaver 2 (right column). When
ECE1 was placed into the apex (red lines), the voltage dropped
considerably toward the apical side of the array—as represented
by higher electrode numbers—relative to the baseline (black
lines) where ECE1 was placed outside of the cochlea. After
ECE1 was removed from the cochlea and placed back in the
normal position under the temporalis muscle against the bone
(green lines), voltages became similar to those before apical
placement (black lines).

EVT and Impedance

Using the Vanpoucke et al. (2004) model, the percent of
current leaving the cochlea transversally adjacent to each con-
tact along the electrode array was estimated (ITrans %). In the

top-left panel of Figure 3, the estimated value of ITrans % is
plotted as a function of time for the most apical (EL22) and
basal (EL1) electrodes along the electrode array for cadaver 1.
For most of the experiment, a considerable proportion of the
current leaves the cochlea adjacent to EL1 or basally (black
lines) whereas a relatively small proportion leaves the cochlea
adjacent to EL22 or apically (dashed red lines). The times cor-
responding to notable events in the procedure are indicated
with various symbols. At the timepoint indicated with the
green circle, ECE1 is placed inside the cochlear lumen at the
helicotrema with fluid covering it. At this point, the estimated
proportion of current leaving the cochlea from the base (at
and basal to EL1) drops considerably whereas the proportion
of current leaving the cochlea from the apex (at and apical
to EL22) increases considerably. This change is only pres-
ent when ECELl is inside the cochlear lumen. The equivalent
data for cadaver 2 is represented in the bottom left panel of
Figure 3. Again, a large proportion of current is modeled to
leave the cochlea from nearest EL1 (black line) and very little
current is modeled to leave the cochlea from nearest EL22
(dashed red line) except for at the timepoint indicated with a
green circle when ECE1 is placed inside the cochlear lumen
at the helicotrema.

In the right column of Figure 3, the estimated proportion
of current leaving the cochlea from each of the electrodes
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Fig. 2. Normalized voltage is plotted as a function of electrode number. Black lines indicate recordings from before ECE1 placement in the cochlear apex,
red lines indicate recordings from when ECE1 is placed in the cochlear apex, and green lines indicate recordings from after ECE1 has been removed from the
cochlear apex. Data for cadavers 1 (left column) and 2 (right column) are presented for electrodes 6 (top), 11 (middle), and 16 (bottom). Note that the voltage
changes are much greater toward the cochlear apex when ECET1 is placed apically and used as a return electrode (red lines).
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Fig. 3. The estimated percent of current leaving the cochlea (ITrans %) is plotted for various electrodes. The top and bottom rows represent cadaver 1 and 2,
respectively. The plots in the left column indicate ITrans % as a function of time for electrodes 1 (solid black lines) and 22 (dashed red lines). Several key time
points are indicated with symbols and described in the legend. The long durations plotted in this figure describe the slow exploratory work done in this experi-
ment and do not reflect the amount of time necessary to place ECE1 in the operating room.

along the electrode array is presented for three timepoints.
These timepoints represent when ECE1 is placed inside of the
cochlear lumen (green circles and lines) as well as when ECE1
is extracochlear before (red upward triangles and lines) and after
(blue downward triangles and lines) placement of ECE1 in the
cochlear lumen. Note that for each cadaver, matching symbols
in the left and right plots indicate the same timepoint and ECE1
placement. For both cadavers, when ECEI is inserted into the
apex (green circles), an increase in current leaving adjacent to
the most apical electrodes (EL19-EL22) along the array and a
decrease in current leaving adjacent to the most basal electrode
(EL1). While the patterns for both cadavers are similar, cadaver
1’s ITrans % on EL1 was lower at the end of the experiment than
at the beginning while the ITrans % for cadaver 2 was similar at
the beginning and end of the experiment. This may be because
cadaver 1 was irrigated with tap water while cadaver 2 was irri-
gated with saline leading to differences in resistivities of the
tissues.

DISCUSSION

With both cadavers, ECE1 was successfully implanted
both inside the cochlear apex and inferior to the tensor tym-
pani. Therefore, the first goal, to verify a suitable approach to
implant ECEL1 inside the cochlear apex, was achieved. These
results provided reassurance that the surgical approach was fea-
sible before attempting the surgery on cochlear implant recipi-
ents. This technique of removing the incus and performing a

top-down facial recess provides excellent access to the cochlear
apex.

The EVT data suggest that to have a sizeable effect on the
current paths in the cochlea, it was necessary to perform an
apical cochleostomy and insert ECE1 into the cochlear lumen.
Indeed, when not inserted into the cochlea, the position of
ECE1 had little effect on the modeled current flow. This finding
is consistent with Cosetti et al. (2015) who measured intraoper-
ative Neural Response Telemetry (NRT) thresholds with ECE1
placed at many different extracochlear locations. No location of
ECE1 had an effect on Neural Response Telemetry thresholds,
suggesting that current flow within the cochlea was unaltered by
extracochlear modifications of ECEL. Collectively, these data
suggest that approaches in which ECEI is placed outside of the
apical lumen will not be effective for reshaping the electric field
with the cochlea or providing stimulation in the cochlear apex.
For example, Kileny et al. (1998) performed a similar surgical
technique, placing ECEI near, but outside, the cochlear apex.
Although EVT measurements were not made, EVTs generated
with reference to the ECE1 or ECE2 would be expected to be
very similar to each other for the Kileny et al. patients. With this
configuration, speech recognition was measured using either
ECELl (near the apex) or ECE2 (the receiver-stimulator plate
electrode) as ground electrodes. No systematic differences were
observed between the two stimulation modes for speech recog-
nition, threshold, comfort levels, or dynamic ranges.

Successful placement of ECE1 in the cochlear lumen allows
for new stimulation patterns that provide stimulation deeper
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into the cochlea than the most apical electrode along the array.
By default, in the Cochlear system, stimulation from an elec-
trode along the array uses extracochlear electrodes (ECE1 and/
or ECE2) as a current return to produce monopolar stimulation.
However, if the return electrode (ECE1) is placed inside the
cochlear apex, the EVT data collected suggests that the current
flow will be shifted apically. Given that the current generation
of clinical fitting software (custom sound) allows the choice of
return electrode of ECE1, ECE2, or both on a per-channel basis,
no modifications of the clinical system are required to alter the
potential sites of stimulation and produce more apical stimula-
tion, although this is not recommended by the manufacturer and
would be considered off-label use.

It is important to note that although the results of this study
demonstrate that the surgery is feasible and can shift electri-
cal fields toward the apex, it is unable to address the potential
clinical benefits associated with this placement. Furthermore,
it provides no insight into the optimal signal processing for
this configuration. In apical regions, it has been modeled
(Kalkman et al. 2014) and observed (Landsberger et al. 2014)
that place specificity is poor, but temporal coding is empha-
sized (Landsberger et al. 2018). Therefore, we hypothesize that
the proposed surgical approach in conjunction with a signal
processing strategy that emphasizes low-frequency temporal
stimulation from a single apical site may provide considerable
benefit relative to the use of long electrode arrays which pro-
vide multiple sites of stimulation in apical cochlear regions.
Implantation with this method in patients is necessary to deter-
mine if the approach provides performance benefits.

An additional limitation to the approach is that the incus
is removed, creating a maximum conductive hearing loss.
Therefore, any early patients receiving this approach should be
selected such that an additional conductive loss would not be
detrimental (i.e., there is insufficient residual hearing to con-
sider preserving). If the approach is determined to be benefi-
cial, future attempts could include replacing the incus or using
an ossicular prosthesis to correct the conductive hearing loss.
An additional theoretical issue is that an apical cochleostomy
might damage any residual hearing, reinforcing the need to
select patients with insufficient residual hearing to consider
preserving. A further theoretical concern is that an additional
cochleostomy required for ECE1 may complicate reimplanta-
tion. However, considerable clinical data and published reports
with double arrays (Roland et al. 2008) have demonstrated con-
siderable benefit associated with inserting additional electrodes
via a second cochleostomy.

The data collected in this experiment subsequently moti-
vated implantation using this technique in a small number of
patients; results from the first three participants are presented
in Landsberger et al. (2022). The modified placement of ECE1
was estimated to require an additional 5min for these patients.
The technique used with these patients is equivalent to that pre-
sented in the current article, with the primary difference being
that a more recent implant model (CI632) was used with the
patients in Landsberger et al. than the CI24RE used for the pres-
ent study. Relevant to the new technique, ECE1 on the CI632is a
long pin, whereas it is a smaller ball on the CI24RE. It is unclear
how the differences in ECE1 between these two models may
affect electrode placement and current spread. Nevertheless, the
patients in Landsberger et al. demonstrate psychophysically that
using an apically placed ECE1 for a return electrode produces a

lower pitch. As such, the new approach is implementable with-
out modification or assistance from the manufacturer.

Modifications to the clinical software may provide additional
flexibility for the use of the ECE1 placement than is presently
available. For example, the internal chipset in modern Cochlear
implants allow stimulation on ECE1 with reference to ECE2
which produces monopolar stimulation in the apex and a lower
pitch percept (Landsberger et al. 2022). However, the clinical
fitting software (custom sound) does not allow ECE1 to ECE2
stimulation and therefore it cannot be implemented in the clini-
cal system without software modification. If grounding with
different references can provide different sites of stimulation,
then one could potentially provide 45 sites of stimulation (all 22
electrodes along the array re ECEL; all 22 electrodes along the
array re ECE2; ECE1 to ECE2). The number of sites of stimula-
tion is a key factor in speech understanding (Friesen et al. 2001;
Croghan et al. 2017). Similarly, using this method to allow a
fixed frequency range to be presented over a greater proportion
of the cochlea potentially improves the spectral representation
which is one of the key variables predicting speech outcomes
(Holden et al. 2016; Gifford et al. 2018).

ACKNOWLEDGMENTS

D.M.L. and J.T.R. conceived of the project. J.T.R. performed the surgery
and electrode placement. C.J.L. designed and acquired the electrode voltage
tomography and impedance recording. JR.K. and N.S. organized the cadav-
ers and assisted in the temporal bone laboratory. D.M.L. and C.J.L. analyzed
the data. DM.L., C.JL., N.S., and J.T.R. wrote the article.

Christopher J. Long and Jonathon R. Kirk are employees for Cochlear Ltd.

Address for correspondence: David M. Landsberger, Department of
Otolaryngology, New York University Grossman School of Medicine, 550
1st Avenue, STE NBV 5ES5, New York, NY 10016, USA. E-mail: david.
landsberger@nyulangone.org

Received April 15, 2023; accepted September 14, 2023; published online
ahead of print December 4, 2023.

REFERENCES

Chouard, C. H., Fugain, C., Meyer, B., Lacombe, H. (1983). Long-term
results of the multichannel cochlear implant. Ann N Y Acad Sci, 405,
387-411.

Cosetti, M. K., Friedmann, D. R., Shapiro, W. H., Waltzman, S. B., Roland,
J. T. Jr. (2015). Effect of cochlear implant ground electrode position
on intraoperative telemetry and facial nerve stimulation. In Combined
Otolaryngology Spring Meetings. Boston, MA.

Croghan, N. B. H., Duran, S. 1., Smith, Z. M. (2017). Re-examining the
relationship between number of cochlear implant channels and maximal
speech intelligibility. J Acoust Soc Am, 142, EL537-EL543.

Friesen, L. M., Shannon, R. V,, Baskent, D., Wang, X. (2001). Speech
recognition in noise as a function of the number of spectral channels:
Comparison of acoustic hearing and cochlear implants. J Acoust Soc Am,
110, 1150-1163.

Gibson, P, & Boyd, P. (2016). Optimal electrode design: Straight versus
perimodiolar. Eur Ann Otorhinolaryngol Head Neck Dis, 133, S63—S65.

Gifford, R. H., Noble, J. H., Camarata, S. M., Sunderhaus, L. W., Dwyer, R.
T., Dawant, B. M., Dietrich, M. S., Labadie, R. E. (2018). The relationship
between spectral modulation detection and speech recognition: Adult versus
pediatric cochlear implant recipients. Trends Hear, 22,2331216518771176.

Holden, L. K., Firszt, J. B., Reeder, R. M., Uchanski, R. M., Dwyer, N.
Y., Holden, T. A. (2016). Factors affecting outcomes in cochlear implant
recipients implanted with a perimodiolar electrode array located in scala
tympani. Otol Neurotol, 37, 1662—1668.

Kalkman, R. K., Briaire, J. J., Dekker, D. M., Frijns, J. H. M. (2014). Place
pitch versus electrode location in a realistic computational model of the
implanted human cochlea. Hear Res, 315, 10-24.

Copyright © 2023 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.


mailto:david.landsberger@nyulangone.org
mailto:david.landsberger@nyulangone.org

516 LANDSBERGER ET AL./EAR & HEARING, VOL. 45, NO. 2, 511-516

Kileny, P. R., Zwolan, T. A., Telian, S. A., Boerst, A. (1998). Performance
with the 20+ 2L lateral wall cochlear implant. Am J Otol, 19, 313-319.

Landsberger, D. M., Marozeau, J., Mertens, G., Van de Heyning, P. (2018).
The relationship between time and place coding with cochlear implants
with long electrode arrays. J Acoust Soc Am, 144, ELS09-EL514.

Landsberger, D. M., Mertens, G., Kleine Punte, A., Van De Heyning, P.
(2014). Perceptual changes in place of stimulation with long cochlear
implant electrode arrays. J Acoust Soc Am, 135, EL75-EL81.

Landsberger, D. M., Stupak, N., Spitzer, E. R., Entwisle, L., Mahoney, L.,
Waltzman, S. B., McMenomey, S., Friedmann, D. R., Svirsky, M. A.,
Shapiro, W., Roland, J. T. (2022). Stimulating the cochlear apex with-
out longer electrodes: Preliminary results with a new approach. Otol
Neurotol, 43, e578—e581.

Lee, J. Y., Hong, S. H., Moon, L. J., Kim, E. Y., Baek, E., Seol, H. Y., Kang,
S. (2019). Effect of cochlear implant electrode array design on electro-
physiological and psychophysical measures: Lateral wall versus peri-
modiolar types. J Audiol Otol, 23, 145-152.

Middlebrooks, J. C., & Snyder, R. L. (2010). Selective electrical stimulation
of the auditory nerve activates a pathway specialized for high temporal
acuity. J Neurosci, 30, 1937-1946.

Montandon, P. B., Boéx, C., Pelizzone, M. (1994). Ineraid cochlear implant
in the ossified cochlea: Surgical techniques and results. Am J Otol, 15,
748-751.

Roland, J. T. J., Coelho, D. H., Pantelides, H., Waltzman, S. (2008). Partial
and double-array implantation of the ossified cochlea. Orol Neurotol, 29,
1068-1075.

Smullen, J. L., & Balkany, T. J. (2005). Implantation of the ossified cochlea.
Oper Tech Otolaryngol-Head Neck Surg, 16, 117-120.

Tran, P, Sue, A., Wong, P, Li, Q., Carter, P. (2015). Development of
HEATHER for cochlear implant stimulation using a new modeling work-
flow. IEEE Trans Biomed Eng, 62, 728-735.

Vanpoucke, F. J., Zarowski, A. J., Peeters, S. A. (2004). Identification of the
impedance model of an implanted cochlear prosthesis from intracochlear
potential measurements. /EEE Trans Biomed Eng, 51, 2174-2183.

Copyright © 2023 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



