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PHONAK
S

vVIDED

Pediatric Hearing Instrument
Fitting

This booklet 1s designed w supplement the Phonak Video
Focus “Pediatric Hearing Instrument Fitting”. The fig

urcs and references contained were selected 1o furthe
clarify the pediatric hearing instrument fitting procedures
presented in the videotape, and to direct interested readers

o pertinent literature,

This booklet has been organized according o three sec
tions

|. assessment for hearing instrument [iting:
2. hearing instrument selection and fiting, and

A, electroacoustic verification procedures,

As the videotape illustrates. the process of hearing instru-

PHQNAK ment fitting with young children is conceptualized

: as 2 sequental series of well-integrated  stages
W ETIT syslirms e A i ; - g
s conceptualization of the funing process 15 shown in
Figure | and described in detail in Seewald, Moodie,

Sinclair & Cornelisse { 1996).
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Figure 1: Conceptualization of the hearing instrument
fitting process used in the DSL method.
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Assessment for hearing instrument fitting

There are two important components to the assessment
process Tor hearing instrument fitting: measurement of
inchividual acoustic characteristics. and measurement of
awditory characteristics.

Measurement of individual aconstic characterisfics:
Real-Ear to Coupler Difference (RECD)

The Real-Ear o Coupler Difference (RECD) measure-
ment procedure is an integral part of the [ting method
presented in this videotape. It allows the climeian to pre-
cisely define the correction from 2ec coupler to real-ear
for the mdividual child vsing  lisher own custom
earmold. Clinical implementation of the RECD measure-
ment procedure offers several advantages mcluding:

B o more precise defmiton of hearing levels;

B the ability o measure the unigue acoustic properties of
the child s ear and earmold coupling. eliminating the
need to rely on average adult values:

W the capability (o perform all hearing instrument re-
sponse shaping in the controlled conditions of the
hearing aid test box: and

W s subsamtial reduction in the amount of tme and de-
gree of cooperation required of the child in the fiting
ProCess,

Mot real-gar measurement systems can be configured 1o
conduct the RECD meusurement procedure. The system
must allow use ol an insert earphone (as opposed o the
loudspeaker) and deasctivation of the reference micro-
phone tor measurement of the RECD,

The RECD measurement provedure is demonstrated in
schematic version below, Specilic measuremen! instruc-
tions are provided in Moodie, Seewald & Sinclair( 1994,
and Seewald (1995}
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Figure 2: Real-Ear to Coupler Difference | RECD)
megsurement procedure,
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Calculation of individual RECD values

B The measured RECD is computed by sublracting
the coupler rasponse from the real-aar response
an a hrequency-by-reguency basis

Measurement of auditory claracterisiics

The collection of accurate audiometric data is an integral
part of the hearmg strument fitting process. The aceu-
racy ofthe fitting will depend. in part. on the validity of the
audiometric dita that are applicd in selecting amplifica-
tion characteristics, One issue related tothe validity of the
audiometric data collected for the purposes of hearing
instrument fitting is that sudiometers are calibrated refer-
enced 10 normalized adult-based criteria. That 15, the
traditional decibels hearing level (dB HL) sudiogrum ap-
proach has inherent ertors when used for the purposes of
defining hearing loss in infants and young children. The
hearing instrument fiving approsch outlined inthis video-
tape attempts to reduce/eliminute these errors by specaly-
ing audiometric data in terms of the sound pressure level
{5PL) measured near the child's cardrum. Specifying au-
diometric duta i this manner bas two advantages: (1) a
miore accurate measurermnent of the child's hearing loss s
ohtained, (2 the memric s the same as that used 1o charae-
teriee the electroacoustic performance of hearmg aids, In
this way the important imterre lationships between hearing
instrument performance and the relevant acitory charige-
teristics of the child can be easily made.

Andiemetric assessment with insert earphones

and cristom carmolds

The use of insert carphones coupled w the child's custom
carmolds at the assessment stage 15 desirable because:
{11 insert earphones provide the clinician with individual
ear information: {21 the earmold usaally provides a betier
acoustic seal compared o the standard foam eartips;
(35 the child will be Tamiliar with the earmold, whereas,
they may not be familiar with the standard foam eanipand
thus iy not allow the clinician to insert the s eartp,

Mensurement of auditory charactenistics should always
be conducted employing audiometric procedures that are
compatible with the developmental age of the child,

3
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Audiometric screening and assessment procedures for in-
famts and voune children are addressed in the compamon
videotape “Pediatric Hearing Assessmem”™ inthis Phonak
Wideo Focus series.

The following steps outling arecommended procedure for
utilizing the custom earmold i the assessment process.

i L1 The whing on the custom carmold is cut tothe length
that 1s necessary Forthe comfortable fitof the hearing
instrument

121 The msern earphone is clipped o the back of the
child s clothing at the base of the neck.

130 The custonm earmold s mserted mto the child™s ear,
and the nipple of the insert earphone is attached o the
earmold (Fig. 3)

(40 [ the case of older earmolds, where the tubing has
been stretehed at the pointof the hearing aidearhook,
iomay be necessary 1o employ a small mece
(70 mmb oof #l6-carmold whing attached o the
insert earphone nipple to ensure a tight fit between
the earmold tubing and the insert earphone (Fig, 41,

Figure 3
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Calewlating predicted thresholds (dB SPL) from dB HL
threshold dera

Insert earphones are calibrated ina 2ee coupler. Conse-
quently. when andiometric assessment is conducted with
insert carphones. the child's hearing levels are defined
relative W 2o coupler SPL values. When the difterence
berween a signal delivered into the child's carand the Zec
coupler (the RECD) s defined. the child's cardrum SPL
threshold values cun be predicted.

| Threshald wn HLZ2¢ce Measured Pradicted
d8 HL SPL RECD threshold in
with insert |4 corection |4  values |=| 48 5SPLat
| sarphanes child's
. eardrum
i
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Table 1: Example of a calculation of threshold in dB
SPL (eardrum level) from dB HL data.

500 1000 2000 —l- 4000

threshold

dB HL 85 95 a0 90
(+)HL / 2cc

coupler SPL a 4 7 2
correction

(+) measured

RECD 3] 10 12 T
(=) threshold

dB SPL 100 109 108 99
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Hearing instrument selection and fitting

Deriving eardrum SPL hiearing instriment
performance criteria

The hearing instrument selection. fitting and verilcation
strategies demonstrated in this videotupe are based onthe
Desired Sensation Level (251 Method, Measured au-
diometric data and real-car 1 coupler difference values
collected at the assessment stage are entered into the DSL
computer progrsm or directly into s real-car measurement
system which incorporiates the DSL method. The entered
information is used to define the child s predicted auditory
areain terms of dB SPL near the eardrum os a function of
frequency. The DSL method caleulates desired eardrum
SPL target levels Tor amplified speech and maximum
outpul as a function of fregquency. Allof this information
15 presented in a visual display called an SPLogram.

Enderstariding an unaided SPLogram

Figure 4 illustrates an unaided SPLogram used in the DSL
method (version .11 As shown, the audiometric test
results and desired hearing ad performance are refer-
enced to dB SPL near the cardruny as a function of fre-
uEney.
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Figure 5: Unaided SPLogram.
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Deriving 2ec coupler performance criteria

Onee cardrum 5PL performance criteria tor the hearing
mstrnment have been developed, the DSL method applies
appropriate transter functions and correction factors 1o
derive a correspending sct of 2cc coupler-based values.
The caleulution ol 2ee coupler Largel values should utilize
the child's measured RECD values whenever possible. IF
an RECEY measurement cannet be oblained for a child,
then sge-appropriate average RECD values should be
wsed (rather than aduli-based average values), The fol-
lowvang schemanic illusirates how the cardrum SPL perfor-
mance criteria for amplified speech and maximoam output
are converted to 2ec coupler-based target valves (gain and

Output Sound Pressure Level [OSPL],

(:ain
Heg-ear | Speach 1T Menphona 2cr couplar ]
ampifed | Ul I RECD o locatEn || uber e
SRR launl | eftacis 3 arget
Eargal idB SRL)

Table 2: Example of a calculation of 2ce coupler-based
target values of user gain,

FREQUENCY (Hz)

500 1000 2000 4000

Real-ear
amplified
speech target 112 118 120 111
(dB SPL)

(=) speech
input levels G4 85 50 42
(dB SPL)

(=) measured
RECD & 10 12 7

(=) micro-
phone

location 1 1 4 4
eftects

(=) 2cc
coupler user 41 52 54 58
target

0OsPL

Real-zar 2oc
max guipyt | RECD coakeEr
liral i ERL
targes
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Tahle 3: Example of a calculation of 2ce coupler-based
target values of OSPL.

FREQUENCY (Hz)

500 1000 | 2000 4000
Heal-ear |
max. output
target 126 130 131 125
(dB SPL)
[—) measured
RECD & 10 12 T
(=) 2cc
coupler OSPL| 120 120 118 118
target

The target 2ec coupler gain and OSPL values can now be
wsed for the purposes of selecting an approprate hearing
mstrument for the child 1o be fitted,

Relevant references

Comelisae. 1 F_ Seewald, RO, & Jameescn, D00 ¢ 19904, Wade -.|!|
manme fange compression hearing wdss The DSLT [ife] approach.
Hearine foregl, 47, 2326

Comehsse, 1E. Seewald. B.C. & Jamieson., 120G, 199950 The mput
autpur fermuke: A thearetical approsch o e Diting of personil anipli
fication devices.  Jourwal of the Acowsticed Sociene of Ameetc, %7,
| 5541804

Maoode, K5 Seenald, O & Sinchoe ST 008 Procedurne for pre-
dlicting real-gar hearmg aid perfommance m voung children. Aseerieon

Sowrneed of Aeefeerloge, 32331

Seewall, RO Cornelisse. LE. Ramji. K.V Sincloe. 8.7, Moo,
RS & Jamieson. UG DSL [ido] version 4.0 For Windows: A sofiwarne
svsem implementatson of the desirsd semsatsn bevel (RSE et for
factimg bimewr g and wide-dyvmanmme-range compression hearing instru-
mients. Elves s smiaaial ! Daniversite of Western Ontpein, FRUT.

I 1

Sinctain, 5. T, Seewald RO, & Code WA 1%L A new real-gar fiting

",‘-‘-I!l!l'l'l. Becatise ao tao ears aie alike, The J.l'--.u'Hl_L.' Raview, 3 (6],

df-dK.
Flectroacoustic Verification Procedures

Onees hearing aid with appropriate earmold coupling has
been chosen, based on the desired 2cc coupler perfor-
mance criteria. the process continues to the verification
stage. Al this stage measured performance of a specific
hearing instrument is compared 1o the desired perfor-
mance criteria developed for the chilid.

Reil-ear veritication measures of hearing aid perfor-
mance are not always possible with young children. Con-
sequently. the DSL method enables verification of hear-
ing instrument performance using the controlled mea-
surement conditions of the 2ee coupler.  Because the
childs RECD has been measured, the real-¢ar hearing
imstrument performance can be accurately predicted on
the basis of the 2ec coupler-based measures, The Tollow-
mg equations illustrate how this s achieved.

Poeas red Mecrophana Spaech Predicied
e coupler || RECD || localion || npulewels || amplifed
URAr QRN sifanis B SPAL | T sEser.h
| Bl SPLy
T T
Mhaagued Pradicted |
200 GO | 4 RECD =| fran oulgnd
Q3FL wB SPL)

The appropriate 2oc coupler-based venfication targets Tor
the child shown in the unaided SPLogram are provided in
Table 4.
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Table 4: Example of a 2cc coupler-based verification
target,

' FREQUENCY (Hz)
500 1000 | 2000 4000

2cc coupler
user gain 41 52 54 58
target values
2cc coupler
OSPL target 120 120 119 118
values

The DS 2ee coupler-based verification procedure out-
lined below 1s described in specific detail in Moodie
(19960, and Seewald (1995).

The process of electroacoustic fitting and verification
involves two basic steps: (11 setling output limiting char-
acteristics at 90 dB SPL and (27 setting gain charicteris-
ties at appropriate speech-weighred inpuor fevels,

Setting the maximum power onfput

of the hearing instrument

Setting the MPO in ear level hearing instruments is dic-
tated by two peaks in the hearing instrument response.
Typically one peak occurs at approximately TO0 He, due
Lo the carhook resonance. with the second peak ocewrring
i approximately 2500 He, due to receiver resonance. s
necessary [ ensare that these peaks doom exceed the
target values for maximum ourpur, Acowstic filters can he
used to dampen the 1000 He peak. and thus reduces the
amonnt by which the hearing instrument output must be
adjusted, This can assist in maintaining high-lregquency
outpit, The test signal used w verify the MPO setting of
the hearing instrument is o 940 dB S5PL pure-tone.

14

Serring the volume control wheel, tome confrols

and other hearing instrigment paramelers

The speech-weighted input levels used by the DSL
method o determine hearing instrument gain characters-
tics are indicated in Table 5.

Table 5: Speech-weighted input levels used in the DSL
method.

FREQUENCY (Hz) |
250 500 750 1000 1500 2000 3000 4000 6000

lassumed
| speach 63 B4 BO 55 51 B0 46 42 42
{input
llevels

| WSt 200 cougier [es] Box syalems wil ieguira the cireciam to “round-un™ Hhese imoul
| layeis_as ey wili only incraase o decraase fie Sgnal gt lével n 598 steps. For

Gain is initislly setar 2000 He by adqusting the volume
control to match the 2ec coupler target using a 30dB SPL
pure-tone input signal. This will optimize the high-fre-
gquency response. A higher frequency may be chosen
dependmg on the child's audiwometric configuration.

MNext, zain is set at 500 Hz using a 65 dB SPL pure-tone
input signal by adjusiing available hearing instrument
contrels (lone, low-cutetcr. The purpose here is o com-
pensate for both the slope of the audiogrm and difference
in speech input levels hetween the low- and high-fre-
guency area. Another frequency (e.g. 1000 Hz) could be
used, depending on the steepness o the audiome e slope
and kneepomt of the hearing instrument.

Omnee these imtial adjustiments have been accomplished,
output and zain wre evaluated at all other frequencies in
order to determing how well the heanng msirement meets
the desired performance criteria dtables 6 and T,
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Table 6: Calculation of difference between measured
2ee coupler user gain and 2ec eoupler-based user gain
target values.

FREGQUENCY (Hz)

500 1000 | 2000 4000

measured

2cc coupler 40 54 a2 48
gain

{-) 2co

coupler gain 41 &2 54 58

target values

(=) difference - 2 -2 -10

Table 7: Calculation of difference between measured
2ec eoupler OSPL and 2ee coupler-based OSPL target
values,

FREQUENCY (Hz)

500 1000 | 2000 4000

measured
2cc coupler 116 120 116 111
OSPL

(—) 2ec
coupler OSPL| 120 120 119 118
target values

=) difference -4 0 -3 -7

Ii shouild be noted that this process would represent hear-
ing a1d performance under static input conditions. 1t may
nedt necessari |y represent the performaunce of the ad under
dynamie speech-like conditions and does not anitially

e

consider effects of diswortion andfor compression on
speech audibility or perception. Theretore. the chimician
is encouraged o apply addinonal electroacoustic mea-
sures whenever possible.

Understanding un aided SFPLogrim

For veritfication parposes, the measured 2ec coupler hear-
g instrument performance is transformed by the DSL
seftware svstem 1o predicled ecardrum SPL levels as a
function of Iregquency. These predicted cardrum SPL val-
ues for amplified speech and maximum output are then
displaved on an aided SPLogram and can be evaluated
relatve to the dedred performance criteria. The aided
SPLogram in Figure 3 represents the results of the verifi-
cation procedure outlined above which have been trans-
formed 10 SPL values by the DSL methaod.

Figure 6: Aided SPLogram.
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