
Neural Prosthetic Engineering

Today

• Team project

• Review 

– Intracochlear electrode array

• Homework

– Channel interaction 

• System continued

– Constituting elements of CI
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Review
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In block diagram form, 

• A brief conceptual block diagram
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Modes of Electrical Stimulation of Neuron
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Issues related with 
Cochlear Electrode

• Restriction in the Number of channels
– Spatial specificity

– Straight vs. precurved

– Channel interaction

– Speech processing strategy

• Cochleostomy vs. round window approach
– EAS (Combined Electric and Acoustic Stimulation)
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Spatial Specificity

• the degree of spread of neural activity across a 
place in cochlea that responds to a stimuli from 
an electrode site 

• Spatial specificity of stimulation depends on…
– The number and distribution of surviving 

ganglion cells
– Whether neural processes peripheral to the 

ganglion cells are present or not
– The proximity of the electrodes to the target 

neurons
– The electrode coupling configuration 

(monopolar, bipolar)
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Straight vs. Pre-curved
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■ Types of cochlear electrode array

- Straight vs Pre-curved

Straight cochlear electrode array (by Med-El)

Pre-curved cochlear electrode array (by 

Cochlear Corporation)

• Straight types

– Deep insertion

– Far from target cells

– Lateral wall insertion

• Pre-curved types

– Close to target cells

– Using stylet or sheath to insert

– Perimodiolar insertion
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Sheath vs. Stylet (Pre-curved)

8

MED-EL, FLEX Electrode

• Using Internal 

Stylet

- Precurved electrode

- Held straight for 

insertion by stylet

- Close to the inner wall

• Straight Electrode

- Easy insertion

- Close to the outer wall

• Using External 

Sheath

- Precurved electrode

- Held straight for

insertion by sheath

- Close to the inner wall

Briggs RJ, Tykocinski M, Development and evaluation of the 

modiolar research array-multi-centre collaborative study in 

human temporal bones, University of Melbourne and HEARing 

CRC, Cochlear Implant International:Volume 12, 2011

Sheath

Stylet

Cochlear ™ Nucleus®, CI24RE Contou 

Advanced
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Peri-modiolar Placement

• Positioning of electrodes in ST
– Place close to inner wall of ST to minimize the distance 

between electrodes and SG 

• Maximize the number of largely non-overlapping populations 
of neurons

• Improve spatial specificity of stimulation

• Reduce threshold voltage

• Increase battery life
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Performance vs. Number of channels
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- 8 is enough

L.M.Friesen et al., J. Acoust. Soc. Am, 2001
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Homework Problem Paper #1
Channel Interaction Problem CA vs. CIS
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FIG. 1 Block diagrams of major processing steps in the CA and CIS strategies 
a, The CA strategy uses a broadband AGC, followed by four channels of 
bandpass filtering (with the indicated f requencies) and adjustable gain 
controls. The outputs of the gain stages are connected to four intracochlear 
electrodes (EL-1 to EL-4). b, The CIS strategy uses a preemphasis filter 
(Preemp.) to attenuate strong low-f requency components in speech that 
otherwise might mask important high frequency components (high frequency 
emphasis is accomplished in the CA strategy by adjustment of the channel 
gain controls). The preemphasis filter is followed by five or six channels of 
processing. Each channel incl udes stages of bandpass filtering (BPF), 
envelope detection, compression, and modulation. The envelope detector 
consists of a rectifier (Rect.) followed by a lowpass filter (LPF). Carrier 
waveforms for two of the modulators are shown immediately below the two 
corresponding multiplier blocks 
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Homework problem paper #2
Virtual Channel using Channel Interaction
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D.M. Landsberger, A.G. Srinivasan / Hearing Research 254 (2009) 34–41 35 

 

 
 

     
 

 

 
Fig. 1. Illustration of different stimulation modes. Note that the amplitudes only represent the first phase of a biphasic pulse. The x-axis describes the electrode position (EC, 

extra-cochlear electrode). 

 

electrodes (MPVCs; see Fig. 1). From their results, Firszt et al. 

(2007) hypothesized that on average, CI subjects would be able 

to discriminate 5 MPVCs relative to a = 0 (i.e., the apical compo- 

75% of the current is delivered to the two intra-cochlear ground 

electrodes (each intra-cochlear ground receives half of the current 

remaining in the cochlea, or r/2), and 25% is delivered to the extra- 
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• Round Window Approach

- Using natural window
- Curved Entry
- Relatively shallow insertion depth
- Less drilling necessary
- saving residual HC’s
- used in EAS (Combined electric and 

acoustic stimulation)

Making entry to cochlea
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• Cochleostomy Approach

- Straight entry

-Relatively deep insertion depth

- Hard to drill

-damaging to HC
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Auditory system

Auditory system - Wikipedia
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Cochleostomy and round window approach
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Auditory cortex

Cochlear 
Electrode 
Array

Oval Window

Round Window

Cochleostomy
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Electrode Length
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■ Length of cochlear electrode array

- Electrical Only(long) vs Combined Electrical and Acoustic Stimulation (EAS) (short)

Straight cochlear electrode array (by Med-El) • Long electrode array

– Deep insertion

– Apex stimulation (low frequency)

– High insertion trauma

• Short electrode array

– Acoustic + Electrical stimulation

– Low insertion trauma

www.Medel.com
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Conventional Electrode:
Pt-Ir wire/ Silicone Elastomer Body 
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- Pt-Ir wire-based cochlear electrode array
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Polymer (LCP) based Technology (SNU)
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T.M.Gwon et al., Biomedical Microdevices, 2015

■ Polymer-based device

K.S.Min et al., Otology & Neurotology, 2014
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Issues and questions 

• Spatial selectivity (crosstalk) – beyond 8 effective 

channels- would more number of channels make 

difference?

• Removal of insertion trauma- how to minimize 

mechanical strain

• Straight or pre-curved? Is there a safety concern?

• Including other functionalities such as drug delivery, 

sensors etc.
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