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Abstract

Background: There are clinical implications associated with knowing when the occlusion effect (OE)
must be accounted for during bone conduction (BC) testing because spurious results can occur when

errors are made in this regard. The amount of OE produced when insert earphones (IEs) are used varies
in the literature; thus, further investigation is warranted.

Purpose: The purpose of this project was to determine the OE during BC threshold measurements under

the following occluding conditions used clinically: when using partial insertion (PI) versus full insertion (FI)
depth and when occluding one versus both ears.

Research Design: A descriptive within-subjects design was used in this study.

Study Sample: Twenty-two adults with mean four-frequency pure tone averages of 24 dB HL, aged

40–83 yr, participated.

Intervention: BC thresholds were obtained at 250, 500, and 1000 Hz under seven conditions: (1) both
ears unoccluded, (2) left ear occluded with PI, (3) right ear occluded with PI, (4) both ears occluded with

PI, (5) left ear occluded with FI, (6) right ear occluded with FI, (7) both ears occluded with FI. For PI, one
half of the length of the IE was beyond the opening of the ear canal. For FI, the lateral edge of the foam

insert was flush with the entrance to the ear canal.

Data Collection and Analysis: Mean OEs were compared with previously published data. In addition,

variability in the data was examined using frequency distribution plots as well as cumulative frequency
and percentile values.

Results: Mean OEs of 5–13 dB were present in all but the FI condition at 1000 Hz where the OE was
,3 dB. Differences between PI and FI conditions were present at each frequency measured, irrespective

of whether one or both ears were occluded. The shifts in threshold were consistently more prevalent and
greater for the PI than the FI conditions overall. Mean differences between the one-ear and both-ears

conditions were not clinically significant. Clinically significant variability in the data was noted, except
when comparing the one-ear versus both-ears conditions.

Conclusions: Occluding the ear during initial BC measurements may artificially improve the thresholds

and create or exaggerate an air-bone gap. Thus, initial BC testing should be performed unoccluded at 250,

500, and 1000Hz. There is a need to account for theOEevenwhen the IE is flushwith the ear canal to avoid
insufficient masking.

KeyWords: air-bone gap, bone conduction, insert earphones, interaural attenuation, masking, occlusion
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ACCOUNTING FOR THE OCCLUSION EFFECT

WITH INSERT EARPHONES

T
he presence of an occlusion effect (OE) during
bone conduction (BC) testing was first reported

by Wheatstone in 1827 (Goldstein and Hayes,

1965). The opening of the ear canal acts as a high-pass

filter (Tonndorf, 1972); on occlusion, the low-frequency

sound energy that would otherwise escape the canal is

trapped to yield a higher in situ sound pressure level

(SPL). The increased intensity of the signal results in

the illusion of a more sensitive threshold. Several fac-
tors have been shown to affect the degree of the OE.

For example, the inverse relationship between the

OE and frequency is well-established, with the effect

vanishing above 1000 Hz (Goldstein and Hayes, 1965;

Edgerton and Klodd, 1977; Fagelson and Martin,

1998). Placement of the bone oscillator is a second fac-

tor; greater OE occurring with forehead placement of

the bone oscillator as compared to mastoid placement
has been reported by some (Edgerton and Klodd,

1977; Stenfelt and Reinfeldt, 2007), others have noted

the opposite effect or no significant clinical difference

(Goldstein and Hayes, 1965; Tonndorf, 1966; Fagelson

and Martin, 1998). Placing the bone vibrator on the

mastoid process is most commonly used in clinical set-

tings today (Margolis and Stiepan, 2012).

A third factor affecting the OE is the selection of the
transducer for masking, most commonly either supra-

aural or insert earphones (IE). Greater OEs consis-

tently have been found for supra-aural headphones

(Dean and Martin, 2000; Margolis and Moore, 2011).

Khanna et al (1976) attributed this to the increased con-

tact area with the head for supra-aural headphones

compared with IEs. This phenomenon has been treated

clinically as one of the advantages of using IEs during
testing by increasing interaural attenuation for air-

conducted signals while reducing the OE. With regard

to the degree of OE with IEs, mean values can vary

across and within studies, depending on the protocol.

For example, Dean and Martin (2000) found mean

OEs of 17, 14, and 6 dB at frequencies of 250, 500,

and 1000 Hz, respectively. Margolis and Moore

(2011), on the other hand, reported mean results of
3.3, 4.2, and 20.8 dB at those frequencies. Anecdotal

observation and reports suggest that some clinicians

are not measuring or accounting for the OE when using

IEs at any frequency, and furthermore, some are testing

initial BC with IEs occluding both ears. If an OE does ex-

ist, the true bone-conduction results of a client could be

misrepresented because the intensity increase in the

nontest earwould not be taken into account. It should also
be noted that recent investigation has yielded promising

results for the use of circumaural headphones as an option

that provides favorable results with regard to minimizing

the OE (Margolis and Moore, 2011); however, as the goal

of the current investigation was to examine procedures

most relevant to current clinical practices, analysis of

these transducers was not included.
Variation in the literature regarding the amount of

OE reported with IEs may be attributed, in part, to inser-

tion depth. They include depths of 7, 10, 11, 13, and

22 mm, and are described with terms such as ‘‘shallow,’’

‘‘partial,’’ ‘‘full,’’ ‘‘intermediate,’’ and ‘‘deep’’ insertion

(Killion et al, 1988; Small and Stapells, 2003; Stenfelt

and Reinfeldt, 2007; Stone et al, 2014). Other studies

do not report the depth used (Fagelson and Martin,
1998; Guerrero-Aranda et al, 2016). It is generally

agreed, however, that increasing insertion depth reduces

the degree of OE (Zwislocki, 1953; Tonndorf, 1966;

Killion et al, 1988). It has been reported that deep inser-

tions, such as those entering the bony portion of the ear

canal, might eliminate the OE (Tonndorf, 1966; Stenfelt

and Goode, 2005). Clinically, however, even insertions

not reaching the bony portion, althoughwell into the canal,
have been rejected because of issues of comfort in favor of

partial insertion (PI) (Van Campen et al, 1990; Small and

Stapells, 2003).

An additional issue of clinical relevance is whether

occluding one ear versus both ears impacts the amount

of OE measured; both methods anecdotally have been

observed clinically. Studies regarding this issue have

yielded variable results. Edgerton and Klodd (1977)
found greater OEs with bilateral occlusion as compared

to unilateral occlusion when using supra-aural head-

phones. Small and Stapells (2003) analyzed results

for one versus both ears occluded using IEs and found

significant differences in behavioral thresholds be-

tween the occlusion conditions at some frequencies

but not at others. It is interesting to note the manner

in which the data were collected for the one-ear oc-
cluded condition. In both studies, the choice of ear

occluded was essentially random. It is therefore possi-

ble that the ear chosen for the one-ear occluded condi-

tion may not have been the ear which had the largest

OE. Furthermore, for participants where there was

greater bilateral occlusion, it may have been due to

the ear with the smaller OE responding in the one-ear

condition, and the ear with the larger OE responding
in the both ears occluded condition. This also may be

a factor in studies which only investigated one-ear oc-

clusion. In some studies which examined the OE only

in a one-ear occluded condition, masking was intro-

duced to the nontest ear to assure that the test ear

was the only ear being assessed for the OE (Stenfelt

and Reinfeldt, 2007; Margolis and Moore, 2011).

Whereas this method is successful in isolating the
ear that is being examined, the potential existence

of central masking, although small, cannot be ruled

out. In any case, random assignment of one ear may
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underestimate theOEas the ear chosenmaynot represent

the ear with the greater OE.

Additional issues in the measurement of OE include po-

tential experimenter bias, as well as ceiling effects. Ceiling
effect here refers to the inability to accurately measure the

OE of individuals who have occluded thresholds more sen-

sitive than the minimal limits of clinical audiometers

(210 dB HL). Studies on this topic tend to include partic-

ipants who had hearing sensitivity no poorer than 10 dB

HL in some cases, and 20 dB HL in others (Edgerton

and Klodd, 1977; Dean and Martin, 2000; Stenfelt

and Reinfeldt, 2007; Margolis and Moore, 2011). The re-
searchers failed to note, however, whether any of the oc-

cluded thresholds obtained were at 210 dB HL, which

could have resulted in an underestimation of the OE. In ad-

dition, with rare exception (Edgerton and Klodd, 1977), pre-

vious studies did not report whether the tester was blind

regarding conditionswhilemeasuringbehavioral thresholds.

Thus, because of the issues raised previously, the pre-

sent study was designed to compare behavioral BC
thresholds obtained unoccluded to those with different oc-

cluding conditions involving PI versus full insertion (FI)

depth and one-ear versus both-ears occluded; the goal

was to identify those conditions which make measure-

ment of the OE clinically warranted when using IEs. In

this investigation, thresholds were established psycho-

acoustically. OEs have also been measured using an

acoustic method, defined as the difference in sound pres-
sure level asmeasured with a probemicrophone, with the

ear occluded versus unoccluded (Tsai et al, 2005; Stone

et al, 2014). Other studies have looked at both in an effort

tomake comparisons (GoldsteinandHayes, 1965;Fagelson

and Martin, 1998; Stenfelt and Reinfeldt, 2007; Margolis

and Moore, 2011; Reinfeldt et al, 2013). Goldstein and

Hayes (1965) found that changes in SPL were greater

than changes in threshold between unoccluded and oc-
cluded conditions. Fagelson andMartin (1998) reported

that a strong association exists between ear canal SPL

and behavioral measurements of the OE; however, they

did not find an exact decibel-for-decibel change between

the measurements. Stenfelt and Reinfeldt (2007) as well

asMargolis andMoore (2011) also reported relationships

between these two types of measurements, both noting

larger acoustic OEs than pyschoacoustic OEs. This is
of importance as there may indeed be a significant

OE occurring that can be measured objectively with

a probe microphone, but which may not, however, be clin-

ically relevant. Therefore, this investigation defined the

OE solely in terms of changes in behavioral threshold.

METHODS

Participants

Twenty-two adults (7 males and 15 females) were

recruited for participation, ranging in age from 40 to

83 yr. The selection criteria included (a) air conduction

thresholds that were either within normal limits or

showed noworse than amoderate sensorineural hearing

loss (air conduction thresholds# 55 dB HL and air-bone
gaps# 10 dB), (b) symmetrical hearing as evidenced by no

greater than a 15 dB difference in air conduction thresh-

olds at 250, 500 and 1000 Hz, (c) unremarkable otoscopic

examination, (d) normal tympanograms (peak pressure

6 50 daPa), (e) present ipsilateral reflexes at 500, 1000,

and 2000 Hz, and (f) 210 dB HL responses at no more

than two of the three test frequencies, 250, 500 and 1000

Hz. This last criterion was included to limit the poten-
tial underestimation of the OE. Mean four-frequency

(500, 1000, 2000, and 4000 Hz) pure tone averages were

24 dBHL.Approval for data collectionwas obtained from

the Brooklyn College Institutional Review Board and in-

formed consent was obtained from all participants. Par-

ticipation was voluntary and unpaid.

Procedures

Testing was conducted in a double-walled test booth

with a GSI AudioStar Pro audiometer, ER-3A IEs and a

RadioEar B71 bone transducer calibrated according to

ANSI S3.6-2010.

Air conduction thresholds were obtained at 250, 500,

1000, 2000, and 4000Hz using pulsed tonal stimuli with

IEs inserted flush with the ear canal. Either 13 or 10 mm
foam insert tips were used depending on the size of the ear

canal. A Weber test was performed with forehead place-

ment of the bone oscillator at 250, 500, and 1000 Hz at

10 dB SL re: pure tone air conduction thresholds to deter-

mine the ear with the better cochlear response at each fre-

quency because conductive hearing loss was ruled out. A

method described by Stenfelt (2012) was used in which

placement was determined according to the site of lateral-
ization identified at aminimumof two out of three test fre-

quencies. If this condition was not met because of midline

identification, then the placement site was randomly cho-

sen. If lateralization occurred at opposite locations for two

frequencies, the oscillator was placed at the site of lateral-

ization for the lowest frequency of the two.

BC thresholds were obtained at 250, 500, and 1000 Hz

under seven conditions: (a) both ears unoccluded, (b)
left ear occluded with PI, (c) right ear occluded with

PI, (d) bilaterally occluded ears with PI, (e) left ear oc-

cluded with FI, (f) right ear occluded with FI, (g) bilat-

erally occluded ears with FI. For PI, one half of the

length of the IE was beyond the opening of the ear ca-

nal. For FI placement, the outer edge of the foam insert

was flush with the opening of the ear canal; this posi-

tion also tended to be the point at which resistance was
met, in terms of further inserting the tip into the ear

(Clark and Roeser, 1988). To remove the potential

for experimenter bias as well as an order effect, two

experienced audiologists conducted the study in the
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following manner: for each participant, one of four ran-

domizations of the test conditions was chosen to assure

counterbalancing. One investigator set up the partici-

pant for each test condition and the other obtained
thresholds without knowing the condition. The ‘‘blind’’

examiner was only aware of whether the frequency

test order proceeded from 250 to 1000Hz, or the reverse

order.

RESULTS

Although OEs were obtained for 22 participants
from 250 to 1000 Hz for the PI and FI one-ear

and both-ears conditions, the data from two parti-

cipants (one male and one female) were not included

in the analysis because of occluded ear responses at

210 dB HL at all three test frequencies. Table 1 pro-

vides the means (and standard deviations) of the OE,

obtained by subtracting the occluded behavioral thresh-

old from the unoccluded threshold at each frequency
for each condition. As expected, the magnitude of the

OE decreased with increasing frequency. Mean OEs

of 5–13 dB were present in all but the FI condition at

1000 Hz where the OE was,3 dB. Differences between

FI and PI conditions were present at each frequency

measured, irrespective of whether one or both ears were

occluded overall. The shifts in threshold were more

prevalent for the PI than the FI conditions (see Tables
2–4). On the other hand, when comparing the data

obtained for the one-ear versus both-ears conditions,

mean results revealed less than a 1 dB difference be-

tween comparable conditions at each frequency for both

PI and FI.

In addition to mean values, the variability in the data

was also considered. Figures 1–3 represent frequency

distribution plots showing the distribution of the OE
measured across participants at each of the three test

frequencies. PI versus FI and one-ear versus both-ears

occluded conditions are represented. In addition, nu-

merals appearing above each bar represent the number

of participants for whom OE may have been underesti-

mated because of a ceiling effect resulting from the oc-

cluded threshold being audible at the lower limits of the

audiometer (210 dB HL). Results revealed OE values
reaching 20–25 dB at 250 and 500 Hz, as well as

15–20 dB at 1000 Hz. These maxima occurred for PI

as well as FI conditions, although the mean data for

the PI condition were greater on average as previously

noted. The number of participants whose OEsmay have

been affected by the audiometer limits was greatest at

250 Hz and in the partially occluded conditions. To ob-

tain a fuller understanding of the data and its potential
impact on clinical testing, the cumulative number of

participants and cumulative percentiles for each degree

of OE at each frequency and each condition were also

calculated, as represented in Tables 2–4. Thus in Table

2, for example, in the PI one-ear occluded condition at

250 Hz, 50% of the participants were shown to have up

to, and including, an OE of 10 dB, and 80% were shown

to have up to, and including, a 15 dB OE.
Regarding the one versus both-ears conditions, the

variability in the data were also explored. Results indi-

cated there was either no difference or no more than a
Table 1. Mean OEs and Standard Deviations (in dB) as a
Function of PI vs. FI and One-Ear vs. Both-Ears
Occlusion

Frequencies

250 Hz 500 Hz 1000 Hz

Partial insertion

One-ear occluded Mean 13.0 12.5 8.0

SD 6.4 7.3 5.5

Both-ears occluded Mean 12.8 13.3 8.5

SD 7.2 7.1 5.4

Full insertion

One-ear occluded Mean 9.8 7.0 2.8

SD 7.5 6.2 7.2

Both-ears occluded Mean 10.3 7.8 2.5

SD 8.7 6.2 6.6

Note: SD 5 standard deviation

Table 2. Cumulative Frequency (In Number of
Participants) and Cumulative Percentile for Each
Magnitude of OE for PI vs. FI and One-Ear vs. Both-Ears
Occlusion at 250 Hz

Partial One Partial Both Full One Full Both

OE Freq. % Freq. % Freq. % Freq. %

25 dB 0 0 0 0 1 5 2 10

0 dB 1 5 2 10 4 20 5 25

5 dB 3 15 4 20 8 40 7 35

10 dB 10 50 10 50 11 55 9 45

15 dB 16 80 15 75 17 85 17 85

20 dB 18 90 18 90 20 100 19 95

25 dB 20 100 20 100 20 100 20 100

Table 3. Cumulative Frequency (in Number of
Participants) and Cumulative Percentile for Each
Magnitude of OE for PI vs. FI and One-Ear vs. Both-Ears
Occlusion at 500 Hz

Partial One Partial Both Full One Full Both

OE Freq. % Freq. % Freq. % Freq. %

25 dB 0 0 0 0 1 5 0 0

0 dB 2 10 3 15 4 20 1 5

5 dB 6 30 4 20 11 55 3 15

10 dB 8 40 7 35 18 90 10 50

15 dB 16 80 13 65 18 90 16 80

20 dB 18 90 20 100 20 100 18 90

25 dB 20 100 20 100 20 100 20 100
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5 dB difference in the amount of OE for every partici-

pant, except for a 10 dB difference at 250 or 500 Hz

for four participants, and a 15 dB difference for one

at 250 Hz.

DISCUSSION

The purpose of the current study was to determine

whether unoccluded BC thresholds significantly

differed clinically (i.e., $5 dB shift) in comparison with

a number of relevant occluded conditions. Identifying

an occluded condition which does not result in a clini-

cally significant OE would validate a protocol that
would potentially reduce test time by allowing the cli-

nician to test initial BC as well as perform masking

procedures when necessary without physically chang-

ing test set up. At the same time, it could avoid arti-

ficially improving the BC thresholds which would

otherwise create or exaggerate an air-bone gap. One

clinically desirable occluded condition involves the

use of PI because of the greater reported comfort of
this approach (Small and Stapells, 2003; Margolis

and Moore, 2011). The results of the present investi-

gation indicated that OEs were larger and more prev-

alent with PI than with FI at all frequencies tested.

Overall the mean OEs measured in the present study

were similar to those reported by Dean and Martin

(2000) who used a similar protocol to the one-ear oc-

cluded condition with their mastoid placement and
IEs. Their mean OEs of 16, 10 and 6 dB at 250, 500,

and 1000 Hz, respectively with PI are within 3 dB

of our data. Thus, the results of the present investiga-

tion corroborated their results; taken together, these

findings support the need to account for the OE with

PI when using IEs.

Although potentially less comfortable, FI of IEs

would be desirable if it avoided the need to account
for the OE. In the one-ear condition, our mean results

were within 1–2 dB of those of Dean andMartin (2000)

who obtained mean OEs of 9, 6, and 1 dB at 250, 500,

and 1000 Hz, respectively. Based on their findings,

Dean and Martin (2000) concluded that FI is prefera-

ble: in addition to establishing that lower initial mask-

ing levels would be required, they concluded that
accounting for the OE would only be needed at 250

and 500 Hz. Before ruling out the need to account

for the OE, however, the variability in the data should

be considered. As shown in Figure 3, there is dispersion

in the data even at the 1000 Hz FI condition. In fact, of

the 20 participants, there were those who demonstrated

OEs of 15 dB or more for every condition tested. Thus,

choosing to assume the absence of an OE, even in the
FI condition, does not appear to be prudent. In fact, PI

is often preferred clinically (Laws et al, 1993; Small

and Stapells, 2003; Margolis and Moore, 2011). In the

current study, we were able to reach an insertion flush

with the ear canal in all participants by using a smaller

IE in two cases. Therefore, given the advantages of FI,

we recommend that PI should be used only after FI is

first attempted and not successful.
Clinical guidelines for addressing the OE recom-

mend measurement for each client individually

(Silman and Silverman, 1991; Gelfand, 2007; Yacullo,

2009) or use of fixed values based on the literature

(Yacullo, 2009). The commonly proposed fixed values

tend to be consistent with the data of Dean andMartin

(2000), that is, 10 dB at 250 and 500 Hz. It is useful to

assess these recommendations within the context of the
cumulative percentiles provided in Tables 2–4. At 250

Hz, in the one-ear FI condition, [which is most similar

to the protocol of Dean and Martin (2000)], accounting

for up to an OE of 10 dB would be appropriate for only

55% of the participants. Assuming no OE at 1000 Hz

would only account for 60% of the participants. Using

these same guidelineswith partially occluded earswould

account for the OE in even fewer participants. Compar-
ing the recommendations to the both-ears occluded con-

dition would result in similar findings. In the case of 500

Hz in the one-ear FI condition, the 10 dB criterion sur-

prisingly did account for the OE in most of the partici-

pants (90%), unlike the other frequencies and other

conditions at 500 Hz.

Thus, aside from the more atypical results at 500 Hz

in one condition, all findings using the fixed values
were predictable. About half of those tested would

have OEs that were larger, and thus the amount of

masking needed would be potentially insufficient. This

would be comparable with deciding whether masking

for air conduction is needed, and then basing the deci-

sion on average interaural attenuation rather than

minimum interaural attenuation values. We are in

agreement with the recommendations of Studebaker
(1967) to use maximum values for the OE as well as

minimum values for interaural attenuation to avoid

the potential risk of undermasking. Thus, if choos-

ing to use a fixed value in accounting for the OE,

Table 4. Cumulative Frequency (in Number of
Participants) and Cumulative Percentile for Each
Magnitude of OE for PI vs. FI and One-Ear vs. Both-Ears
Occlusion at 1000 Hz

Partial One Partial Both Full One Full Both

OE Freq. % Freq. % Freq. % Freq. %

25 dB 0 0 1 5 5 25 5 25

0 dB 4 20 2 10 12 60 12 60

5 dB 9 45 8 40 15 75 15 75

10 dB 15 75 15 75 18 90 18 90

15 dB 20 100 20 100 19 95 20 100

20 dB 20 100 20 100 20 100 20 100

25 dB 20 100 20 100 20 100 20 100
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the percentiles provided in Tables 2–4 could be used as
a guide. In choosing a value, however, one should keep

in mind that these data may underestimate the maxi-

mum OE because (a) they are based on only 20 partic-

ipants and, (b) ceiling effects were noted in some cases.

The issue of potential ceiling effects in participants

with normal hearing was not addressed in previous

studies, as noted earlier. It is recommended that fur-

ther investigations in this area should include only
participants who have no ceiling effects at all in the oc-

cluded condition, such as those with no better than 25

dB HL occluded thresholds. In place of using fixed values

for the OE, determination of an individual’s own OE

has been recommended instead by some (Silman and

Silverman, 1991; Gelfand, 2007). Although marginally

more time-consuming, an advantage of this method is

that only the necessary amount of masking will be used.
Ceiling effects may be encountered when attempting to

determine an individual’s OE as well, in which case hav-

ing fixed values may be helpful here also.

Interestingly, mean results for occluding one-ear ver-
sus both-ears did not make a clinically significant dif-

ference, thus suggesting that there is not generally

a cumulative effect between the ears. It is rather the

ear with the greatest amount of OE that is responding

in a ‘‘both-ears occluded’’ condition. The current results

differ from previous investigations (Edgerton and

Klodd, 1977; Small and Stapells, 2003) which found dif-

ferences in the degree of OE depending on whether one
or both of the ears were occluded. Itmay be recalled that

a main difference in our study compared with previous

researchwas in the testing of both right and left one-ear

conditions under the hypothesis that the bilateral con-

dition would compare more similarly with the ear with

the greatest OE, which we found to be the case. The ho-

mogeneous results found for these two conditions would

suggest that, following testing in the unoccluded condi-
tion, one could consider placing IEs in both ears simul-

taneously. One would thus be obtaining and using the

larger OE.

Figure 1. Frequency distribution (in number of participants) as a function of OE magnitude (in dB) at 250 Hz in the one-ear and both-
ears conditions. Data using PI are in the top graph and FI data are in the bottom graph. Numerals over select bars represent the number of
participants whose OE may have been underestimated because of a ceiling effect.
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CONCLUSIONS

� Initial BC testing should be performed unoccluded at

250, 500, and 1000 Hz. In addition to the need to ac-

count for the OE even with FI to avoid insufficient

masking, occluding the ear during initial measure-

ments may artificially improve the BC thresholds

and create or exaggerate an air-bone gap.
� If choosing to use fixed values, we recommend bas-

ing the decision on the data from Tables 2–4, using

the correction specific to the depth of insertion used.

Using a value for the OE that is 5 dB larger than the

one that accounts for all the participants in the cur-

rent study does not appear to be unduly conservative

because these data are based on only 20 participants.

� Calculating an individual’s own OE is advantageous
because nomore than the necessary amount ofmask-

ing will be used. The following procedure is recom-

mended for measuring an individual’s OE:

+Obtain initial BC thresholdswithunoccluded ears.

+ Place IE in canal until at least the outer edge is

flush with the opening of the ear canal.

+ Reassess the BC thresholds with the IE in the

ear without masking at 250, 500, and 1000 Hz.

+Subtract the BC threshold measured with the

occluded ear from the initial BC responses to ob-

tain the OE for that individual at each frequency.
+For each frequency and each ear, add the amount

of OE measured at that frequency to the starting

level of the masking in the nontest ear.

+ If masking will be needed in each ear, the IE

should not be placed in both ears simultaneously,

as this may result in an OE in the TE and a false

ABG, in some cases.

� Because of the potential underestimation of OEwhen

using participants with normal hearing, further as-

sessment of fixed values to account for the OE should

Figure 2. Frequency distribution (in number of participants) as a function of OE magnitude (in dB) at 500 Hz in the one-ear and both-
ears conditions. Data using PI are in the top graph and FI data are in the bottom graph. Numerals over select bars represent the number of
participants whose OE may have been underestimated because of a ceiling effect.
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include participants whose thresholds do not reach

the minimum limits of the audiometer (210 dB HL).
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