Do tests for cochlear dead regions provide important information
for fitting hearing aids?® (L)
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For listeners with cochlear hearing loss, cochlear damage may include “dead regions” with no
functioning inner hair cells and/or associated neurons. Recent studies indicate that amplifying
frequencies more than 1.7 times the edge frequdicyr,) of a high-frequency dead region is
unlikely to improve (and may redugespeech scorepVickers et al, J. Acoust. Soc. Am110
1164-1175(2001); Baeret al, J. Acoust. Soc. Am112 1133-1144(2002]. These results were
taken as evidence that tests to identify dead regions could improve hearing aid fitting. In the current
study, practicing audiologists examined audiograms of listeners diagnosed as having high-frequency
dead regions. The audiologists were given no specific information regarding dead regions for any
individual, and were asked to base amplification decisions entirely on the audiograms. Most
audiologists did not recommend amplification of frequencies with hearing losses exceeding 90 dB
HL. Reexamination of speech results reported by Vickeral. and Baeret al. indicated that
limiting amplification based on audiograms ald88-dB rule or on specific testing for dead regions
(1.7F, rule) produced similar performance. Thus, testing for dead regions may not provide important
information for hearing aid fitting that is not already available in the audiogran20@4 Acoustical
Society of America.[DOI: 10.1121/1.1649931

PACS numbers: 43.71.Ky, 43.66.6K] Pages: 1420-1423

I. INTRODUCTION the presence and frequency extent of dead regions may pro-
. . . vide a useful clinical tool in making amplification decisions,
For listeners with moderate-to-severe high-frequency

hearing loss, the basal cochlea may contain “dead regionsa.nd that amplification of frequencies falling well within

where inner hair cells and/or associated neurons are entirer1 g"h-frequlgp cyt_deadfr;aglons may not bethadwia7blt§. Spetﬁ'f"
nonfunctional. The auditory nerve will not receive input ally, amplification ot frequencies more than 1.7 times the

from these regions. However, at high presentation levels, fre(—edge frequency of a high-frequency dead regdibirF,) may

guencies normally processed in these regions may still pRot provide any benefitvickers et al, 2001; Baeretal,

detected as a result of spread of excitation to adjacent po?—ooz' L i ) )
tions of the cochlea. A complication in interpreting these results is that in

Vickers, Moore, and Baef2001) and Baer, Moore, and both Vickerset al. (2001 and Baeret al. (2002, listeners

Kluk (2002 examined whether listeners with high-frequency didgnosed as having high-frequency dead regions had sig-
dead regions received benefit from amplified high-frequencyificantly more high-frequency hearing loss than listeners
speech. Psychophysical tuning curvéRTCS and tone- without d_ead regions. Audmgrgms for the .ten ears with no
detection thresholds in “threshold-equalizing noig@EN) deac_j regions and nine ears W't_h d_ead regions from Fhe two
were used to identify hearing-impaired listeners with andStudies are plotted in Fig. tsolid lines and dashed lines,
without high-frequency dead regions. Speech recognitiofiesPectively; the heavy solid line and the filled symbols in
performance was then tested in quisickers et al, 2003  the figure will be described laterClearly, the audiograms
and in noise(Baer et al, 2002 using amplified broadband for these two sets of ears diverge above 2000 Hz, with ears
speech and amplified low-pass speech with high-frequenc§iagnosed as having high-frequency dead regions showing
regions removedamplification based on the “Cambridge” 9reater high-frequency losses. This leads to the question of
fitting rule (Moore and Glasberg, 1998 The results of both Whether a separate test for dead regions is likely to be clini-
studies indicated that the presence or absence of higt¢ally valuable or if the relevant information provided by this
frequency dead regions was directly linked to whether subtesting is already available in the audiograms. Rankovic
jects benefited from high-frequency speech cues. Subject2002 recently reported articulation indebdl) analyses of
without high-frequency dead regions performed best irthe speech results reported by Vicketsal. (2003 and con-
broadband speech. Subjects with dead regions did as wefRluded that ability to benefit from high-frequency amplifica-
and sometimes better, in low-pass speech than in broadbati@n can be accurately predicted based on the audiogram and
conditions. Both Vickeret al. (2001 and Baeret al. (2002 ~ presentation levels alorjéut see Mooré2002 for an alter-
interpreted their results as suggesting that tests to diagnos@tive interpretation of Rankovic’s findings

Based on Rankovi€2002 and Moore(2002, it is un-
3These data were presented at the 15th Annual Convention of the America%lear Wheth_el_’ tests fqr_hlgh-frequen_cy dead regions W"! !ead
Academy of Audiology in San Antonio, Texas, April 2003. to better clinical decisions about high-frequency amplifica-
PElectronic mail: walter.summers@na.amedd.army.mil tion than can be made based on audiograms alone. To exam-
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FIG. 1. Audiograms for nine ears with high-frequency dead regidashed
lines) and ten ears with no dead regiofs®lid lineg as previously reported : : : : ;
in Vickerset al. (2001 and Baeret al. (2002. Intersections of audiograms 0 1000 2000 3000 4000 5000

with the heavy line at 90 dB HL indicate cutoff frequencies for amplification Freq uency (Hz)
based on the 90-dB rule. Symbols indicate cutoffs based on 1.7 times the
estimated low-frequency edge of the dead region. FIG. 2. The six audiograms as presented in the handout and responses

provided by one audiologigiX's). Note that the handout used a linear fre-
oduency scale rather than the log scale more commonly seen in audiograms.
aﬂ:is allowed for finer frequency distinctions to be indicated in the region
ove 1000 Hz.

ine this question, practicing audiologists were shown audi
grams for ears diagnosed as having high-frequency de
regions. Based solely on the audiograms, the audiologists

were asked to assess whether they would prescribe broaffjyh frequency amplification once the hearing loss exceeded
band amplification, and, if not, to estimate the frequency,pq,t 9o dB HL. For each audiologist, threshold values for
limit of where amplification was likely to provide benefit. As 4 six X’s on the completed hando(in dB HL) were av-

reported belqw, experien_c_ed _audiologists were unlikely toeraged to get a mean amount of hearing loss where high-
expect benefit from amplification once thresholds exceedeﬂequency amplification was likely to be discontinued. These

about 90 dB HL. The speech results reported by Vicker§naan valuegand their standard deviationare plotted in
et al. (2001 and Baeret al. (2002 were then reexamined 0 iy 3 a5 a function of years of experience as a practicing
see whether limiting high-frequency amplification based Oy diologist.

testing for dead regions led to better speech performance g gata in Fig. 3 show some variability that appears to
than I|m|t|?g based on the audiogram and & 90 dB HL “rule g rejated to years of clinical experience. Means displayed in
of thumb. the right-hand part of the figure, representing audiologists

with more than 10 years of experience, indicate that ampli-
Il. METHODS fying high frequencies would not be attempted when losses

Eleven audio|ogists Working in the Army Aud|o|ogy and exceeded about 90 dB HL. The left-hand portion of the flg'
Speech Center at Walter Reed Army Medical Center particiure shows that most of the audiologists with fewer years of
pated by completing a one-page handout. The handout cogxperience would provide amplification for greater amounts
tained a single graph with six lines representing audiogram8f loss. The data from audiologists with over 10 years of
for the six ears identified as having high-frequency dead re-
gions in Baeret al. (2002, Table ). These are six of the nine
ears with dead regions shown in Fig. 1. The following in-
structions appeared on the handout: “The graph below show:__ 0l "
thresholds for six hearing-impaired listeners. If these were=3 . +
the only data you had for each listener, would you be likely oy 100}
to attempt broadband amplification aimed at providing signal®. *
audibility all the way up to 5 kHz in every case? If not, at @ 9orm + u
what frequency would you be likely to “give up”? Please © +
place an X on each of the six threshold lines at the frequenc;g’ 80r
where you feel the loss has become severe enough so tha'g
amplification is probably unlikely to provide benefit. In cases @
where you would provide broadband amplification, put yourI 60t
X at 5 kHz.”

120w

701

50t

0 5 1|0 1|5 2|0 2|5 3|0 3|5
Hll. RESULTS Years of experience as practicing audiologist

Figure 2 shows the six audiograms included in the hand-
G. 3. Mean pure-tone hearing loss at the recommended cutoff frequency

out and the responses prOVIded by one of the aUdmlOgIS or amplification based on responses to the handout. Means are plotted as a

(th_e X’s). Note th._at thes_e da_ta show little Vaf_iabiliw on ﬂ"e function of years of experience as a practicing audiologist. Error bars indi-
axis, and that this audiologist would be unlikely to provide cate+ one standard deviation.

J. Acoust. Soc. Am., Vol. 115, No. 4, April 2004 Van Summers: Letters to the Editor 1421



100

90 NC Left Ear | RC Left Ear MW Right Ear
Dead Region above 1000 Hz Dead Region above 1100 Hz Dead Region above 750 Hz
© 8o SNR=0dB 1 SNR=3dB
)
— 70 | | |
B [ [ [
o | 1 |
NS i Loe e
cC I i
© 40 | 1 | |
8 30 O—Cf)O/ | 1 | |
1] I I I
o 20 [ [ |
10 I I I
]
o0} LR Right Ear | MW Left Ear 600 1000 2000 5000
Dead Region above 1500 Hz | Dead Region above 1200 Hz |Lowpass cutoff frequency (Hz)
O 8o} SNR=0dB 1l SNR=6dB
o 70 ! I ) i
o [ [ —® inquiet
o % ! ' ! O—O innoise
50 | _./. ] I
e
CICJ 40 o* ] | - —— - 90dB HL threshold
O 4 o<}<><§| bo—o D—O 0 —— 1.7 X edge frequency
()] I I
o 20 | 1 [
10 ! !

0 600 1000 2000 5000 600 1000 2000 5000
Lowpass filter cutoff frequency (Hz)

FIG. 4. Identification performance for amplified speech as a function of low-pass filter cutoff freqiayoriginally reported in Vickerst al. (2001) and
Baer et al. (2002]. Vertical lines indicate recommended cutoff frequencies for amplification based on 90-dB andruled<dashed and solid lines,
respectively. Signal-to-noise ratios used during in-noise testing are indicated in figure panels.

experience suggest a simple rule. That is, limit high-dead regions would not have affected clinical decisions re-
frequency amplification to frequencies with losses no greategarding amplification.
than 90 dB HL. This “90-dB rule” provides a recommended For the nine ears with high-frequency dead regions, rec-
frequency cutoff for high-frequency amplification that can beommended cutoff frequencies for high-frequency amplifica-
compared to the cutoff indicated by the testing for dead retion based on the 90-dB rule can be compared to recom-
gions(1.7F, rule). (It should be noted that most of the audi- mended cutoffs based on testing to locate the edge
ologists did not simply follow the 90-dB rule in responding frequencies of dead regions. For these ears, the filled sym-
to the survey—there were in fact only two instances wheréols in Fig. 1 indicate cutoff frequencies based on the 1.7F
surveys were returned with all six responses at 90 dB HLrule [using edge frequency values reported by Vickeral.
The 90-dB rule was selected for comparison to the Jridle  (2001) and Baeret al. (2002]. For four of these ears, the
because the audiologists with more than 10 years of experrecommended cutoff frequency based on L.#as nearly
ence generally did not recommend amplification whenequal to 90 dB HL(triangles in Fig. 1 Thus, for these ears,
thresholds exceeded 90 dB HL and because the rule providéise recommended cutoff frequency for high-frequency am-
a recommended frequency cutoff for high-frequency ampliplification would be essentially equivalent using either the
fication directly from the audiogram. 90-dB or the 1.7Frules. These ears represent additional in-
Figure 1 can now be reconsidered in terms of the recstances where testing to assess dead regions would not have
ommended cutoff frequencies for high-frequency amplifica-altered decisions about amplification.
tion based on the two rule@0-dB and 1.7F. Using the Cutoff frequencies based on 1.&ere lower than cut-
90-dB rule, amplification would only be provided for fre- offs based on the 90 dB HL threshold for three ears in Fig. 1
qguencies where thresholds fall above the heavy solid line ifisquares in the figujeThat is, for these three ears, the 90-dB
the figure(90 dB HL). Note first that all thresholds fall above rule recommends extending amplification to slightly higher
this line for the ears with no dead regions. Thus, based on thigequencies than 1.ZFFor two ears the 1.7Fule recom-
90-dB rule, broadband amplification would be indicated formends amplifying frequency regions with more than 100 dB
these ears. This fits with the results reported by Vicle¢ral.  of hearing loss(circles in Fig. 2. In these instances, the
(2001 and Baeret al. (2002: these subjects performed best 90-dB rule limits high-frequency amplification slightly more
with broadband amplification. For these ten ears, the 90-dBhan the 1.7Erule.
rule led to the same recommendation in terms of amplifica- The five ears considered in the previous paragraph are
tion as the additional testing required to specifically identifycases in which the 90-dB and 1./fles led to slightly dif-
dead regions. Thus, for these ears, it appears that testing féarent recommendations in terms of high-frequency amplifi-
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cation. In these instances, speech recognition data can be It was noted already that the 90-dB rule provides only an
examined to determine if either rule led to better overallapproximation to the actual frequency cutoff values recom-
performance. The speech results reported by Vicktral.  mended by the audiologists with more than 10 years experi-
(2001 and Baeret al. (2002 for these ears allow this com- ence who were surveyed. In general, the individual cutoff
parison and are replotted in Fig. 4. Each panel of the figurérequencies recommended by these clinicians produced simi-
shows speech recognition performance by a single ear fdar percent correct scores in the speech tasks as the 90-dB
amplified speech under various lowpass conditions. Withirand 1.7F rules. For thes¢and perhaps many othegxperi-
each panel, performance is plotted as a function of the lowenced audiologists, specific testing for dead regions may not
pass cutoff frequency of amplified speech. Movement to thémprove hearing aid fitting decisions that would be made
right within each panel shows how performance changed awithout this testing.
more and more high-frequency portions of the signal were
presented. The rightmost point in each panel represents arh!: CONCLUSIONS
plified broadband speech. As noted by both Vicketsal. Testing for the presence of cochlear dead regions may be
(2001 and Baeret al. (2002, for these and other listeners of clinical value if the results lead to improved decisions
with high-frequency dead regions, there appears to be a poigibout amplification for hearing-impaired listeners. However,
at which performance stops improving with the addition ofif the important clinical information provided by this testing
more high-frequency cues. For some edisg., RC—left s available directly from the audiogram, the additional test-
ean, lowpass filtering appears to result in better performanceéng is clearly unnecessary. In the current study, a simple rule
than broadband amplification. The question is whether thased directly on the audiogram led to limiting high-
90-dB rule provides as accurate an estimate of the approprirequency amplification for the same listeners and for similar
ate cutoff frequency for amplification in these ears as thdrequency regions as indicated by specific testing for dead
cutoff frequency indicated by specific testing for deadregions. The results suggest that tests to identify high-
regions. The vertical lines in Fig. 4 indicate recommendedrequency dead regions do not improve clinical decisions
cutoff frequencies for amplification based on the 90 dB andelating to high-frequency amplification compared to a
1.7F, rules and allow an examination of this question. simple rule based on absolute thresholds.

The upper panels in Fig. 4 represent ears where cutoff
frequencies were slightly higher based on the 90-dB ruléACKNOWLEDGMENTS
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90-dB threshold. For the data in these three panels, speeghe author and are not to be construed as official or as re-
scores(measured or estimated based on interpolation whergecting the views of the Department of the Army or the
necessarywere, on average, about 3% higher in the morepepartment of Defense.

broadband amplification provided by the 90-dB rule than the

more narrow-band amplification prescribed by the lrrife.  Baer, T., Moore, B. C. J., and Kluk, K2002. “Effects of low pass filtering

This small improvement in performance was statistically sig- on the intelligibility of speech in noise for people with and without dead
e regions at high frequencies,” J. Acoust. Soc. Atd2, 1133-1144.
nificant[t(4)=2.848p<0.05]. 9 o e, ‘ 2

) ) Moore, B. C. J.(2002. “Response to ‘Articulation index predictions for
The lower panels in Fig. 4 represent the two cases Wherehearing-impaired listeners with and without cochlear dead regions’,” J.
amplification would extend to higher frequencies based OI?\/I Acousg ScocjAmiélllé|254t1)9—25850-51998 Use of & loud Gl
_ ; ; ; oore, B. C. J.,, an asberg, B. . “Use of a loudness model for
the 1.7k rule than based on the 90-dB rylgrcles in F|g. 2. hearing aid fiting.” Br, J. Audiol 32, 301319,
For these two ears, the 1JFU|6 leads to ampI|f|cat|0n of Rankovic, C. M. (2002. “Articulation index predictions for hearing-
frequency regions with more than 100 dB of hearing l0SS. impaired listeners with and without cochlear dead regions,” J. Acoust.
The amplification of frequencies with this much hearing loss Soc. Am.111 2545-2548. )
did not lead to improved performance over amplification re-V'fc.ker.S' D. A., Moore, B. C. J., and Baer, 22001 "Effects of low-pass
. . h . iltering on the intelligibility of speech in quiet for people with and with-
stricted to frequencies with hearing loss no greater than 90, gead regions at high frequencies,” J. Acoust. Soc. Alg 1164~

dB HL. 1175.
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