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ORIGINAL ARTICLE

Electroacoustic evaluation of the bone conduction transducer B250 for vestibular 
and hearing diagnostics in comparison with Radioear B71 and B81

Karl-Johan Fred�en Janssona , Bo Håkanssona , Ann-Charlotte Perssonb,d , Luca Verrecchiac and Sabine 
Reinfeldta 

aDepartment of Electrical Engineering, Chalmers University of Technology, G€oteborg, Sweden; bDepartment of Otolaryngology, Head and Neck 
Surgery, Sahlgrenska Academy, University of Gothenburg, Gothenburg, Sweden; cENT Unit, Department of Clinical Science, Intervention and 
Technology, Karolinska Institutet, Stockholm, Sweden; dRegion V€astra G€otaland, Habilitation & Health, Hearing Organization, Gothenburg, 
Sweden 

ABSTRACT 
Objective: The objective is to evaluate the electroacoustic performance of the B250 transducer and to 
compare it with the two most widely used audiometric transducers B71 and B81.
Design: The electroacoustic performance was evaluated in terms of sensitivity level, distortion, maximum 
hearing level and electrical impedance.
Study sample: Six B250 prototype transducers were evaluated and compared with published data of B71 
and B81 together with complementary measurements of maximum hearing level at 125 Hz and phase of 
electrical impedance. Differences in reference equivalent threshold vibratory force levels were estimated 
by comparing hearing threshold measurements of 60 healthy ears using B81 and B250.
Results: B250 has approximately 27 dB higher sensitivity levels than both B71 and B81 at 250 Hz and can 
generate higher maximum hearing level at low frequencies: 11.8 to 35.8 dB (125–1000 Hz) higher than 
B71, and 1.4 to 18.6 dB (125–750 Hz) higher than B81. The maximum average difference in reference 
threshold force levels was 13.5 ± 8.7 dB higher for B250 at 250 Hz compared to B81.
Conclusions: B250 can produce higher output force with less distortion than B71 and B81, especially at 
125 and 250 Hz, which could possibly improve low frequency investigations of the audio-vestibular 
system.
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Introduction

The bone conduction (BC) transducer B250 was first described 
by Håkansson et al. (2018) with the potential to simplify and 
improve vestibular evoked myogenic potential (VEMP) investiga
tions by being able to evoke both ocular (oVEMP) and cervical 
(cVEMP) responses from the mastoid position. The design has 
since then been further improved with even higher output force 
at 250 Hz, and in a clinical study on 30 healthy participants con
ducted by Fred�en Jansson et al. (2021), B250 on the mastoid was 
found to replicate forehead stimulated VEMP responses obtained 
with the conventional Minishaker B&K 4810 (Br€uel & Kjær 
Sound & Vibration Measurement A/S, Denmark). This simplifies 
the measurement as the B250 transducer is small enough to be 
steadily held in place using a P-3333 (Radioear Corporation, 
Eden Pairie, MN, USA) steel-spring headband compared to the 
Minishaker that must be handheld by the operator. Conventional 
audiometric transducers, such as Radioear B71 and B81 
(Interacoustics A/S, Assens, Denmark) are also easy to use, but 
audio-vestibular applications usually require more output power 
than those devices can deliver.

Since the first publication by Håkansson et al. (2018), there 
has been an increasing interest from research clinics to use the 

B250 in their studies. In a publication by Plontke et al. (2021), 
B250 was used to measure VEMP for verification of preserved 
cochlear function after partial or subtotal cochlear removal due 
to intracochlear schwannoma as a complement to standardised 
testing. Post-operative VEMP using air conducted (AC) stimula
tion was not an option for those patients as their incus was 
removed during surgery. In contrast, BC stimulated VEMP using 
B250 gave normal responses in most of the patients, meaning a 
preserved function of vestibular receptors.

Abnormally intense VEMP responses have long been consid
ered a marker of superior semicircular canal dehiscence syn
drome (SCDS) together with enhanced BC hearing sensitivity at 
low frequencies and hypersensitivity to internal body sounds - 
autophony (Gopen et al. 2010, Verrecchia et al. 2016). A conven
tional screening test for SCDS is the Weber test from the ankle 
using a 256 Hz tuning fork to verify body sound hypersensitivity 
(Watson, Halmagyi, and Colebatch 2000). For a more quantified 
test, it was proposed by Brantberg et al. (2017) to perform a psy
choacoustic hearing test in response to BC stimulated vibrations 
applied at the malleolus using the Minishaker. In 2023, 
Verrecchia et al. introduced a clinical method, called ankle audi
ometry (AA) where the Minishaker is replaced by the B250 
transducer to measure the psychoacoustic threshold from a 
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250 Hz vibration at the ankle. This procedure allows for high 
stimulation force with reduced operator dependency and a con
stant attachment force at the stimulation site, which both simpli
fies the test and improves its accuracy. More specifically, using a 
250 Hz pure tone signal at an intensity of 120 dBRMSFL, it could 
be possible to diagnose SCDS with a sensitivity of 90% and a 
specificity of 80%.

The interest for using B250 in more clinical studies including 
audiometry is increasing and it is therefore a need for a compre
hensive electroacoustic evaluation of the device to determine an 
average sensitivity level, distortion levels, maximum hearing level 
and electrical impedance. Two widely used transducers for BC 
audiometry are the conventional Radioear B71 and the relatively 
new Radioear B81. The B250 was originally developed for 
improving VEMP measurements, but no previous studies have 
been focused on audiometry. A hypothesis is that higher output 
levels with low distortion will be possible to generate using B250 
at low frequencies, compared to both B71 and B81.

Before the B81 was introduced to the market, 250 Hz was 
rarely included in BC audiometry threshold testing as the B71 
was limited by high distortion at low frequencies. In Fred�en 
Jansson et al. (2015), the B81 transducer was found appropriate 
for routine diagnostics at 250 Hz where it could generate hearing 
levels (HL) up to 52.6 dB or 22 dB higher signal level than the 
B71. The aim of this study is to investigate if the B250 can be 
used for audiometry by evaluating the electroacoustic perform
ance of a small series of the latest B250 prototype and to com
pare it with the corresponding data from the two most widely 
used audiometric transducers B71 and B81 presented in Fred�en 
Jansson et al. (2015).

Materials and method

This section contains a technical description of the B250 trans
ducer as well as calibration details, measurement setup and stat
istical analysis for the electroacoustic evaluation.

The transducer

The present design of the B250 transducer is a more clinically 
adapted version of the one described by Håkansson et al. (2018). 
Its motor unit is based on the balanced electromagnetic separ
ation transducer (BEST) principle (Håkansson 2003) with a dom
inant resonance peak at 250 Hz. The B250 can be used with a 
steel-spring headband P-3333 for mastoid stimulation similar to 
B71 and B81.

In this study, six B250 prototype transducers were evaluated 
based on measurements of sensitivity level, total harmonic dis
tortion (THD), maximum hearing level and electrical impedance. 
For comparison with B71 and B81, already published data from 
six samples of each device in addition to new measurements of 
maximum hearing level at 125 Hz (not made before) using seven 
samples of each device were analysed. The B250 has a weight of 
80 grams and its surface area facing the skin is slightly concave 
with an area of 7.1 cm2. The corresponding weight and flat sur
face of B71/B81 is approximately 20 grams and 1.75 cm2, respect
ively (Fred�en Jansson et al. 2015). Also, the B250 steel spring 
attachments protrudes more than B71/B81, which results in a 
higher static force of approximately 10 N using the P-3333 head
band and a superiorly higher stimulation position on the mas
toid. The higher static force of B250 is needed to keep the 
transducer in place when driven at its maximum levels.

The design of the B250 was initially made for vestibular test
ing requiring high output capability at lower frequencies (there
fore it uses a bigger internal mass to lower the resonance 
frequency) and a bigger and lightly concave attachment area for 
a more stable attachment to the mastoid. It is also designed to 
have direct attachment of the transducer motor unit to the driv
ing side of the casing thus eliminating the casing resonance at 
4 kHz that causes some reliability issues in the traditional designs 
(B71/B81) where the transducer is attached to the back side of 
the casing.

Calibration

The artificial mastoid B&K4930 was calibrated using the pad cor
rection curve from Fred�en Jansson et al. (2021) to convert its 
output voltage to the dynamic force “Fin” applied to the rubber 
pad, see the curve in Figure 1 and the set-up in Figure 2. The 
calibration values are very similar between B250 and B81/B71 at 
low frequencies, but above 1 kHz there is a force sensitivity level 
difference caused by the larger and concave contact surface area 
of B250, see Figure 1. Even though B250 requires a static force 
of 10 N during the measurement, all transducers were calibrated 
with the standard static force of 5.4 N to comply with B&K4930 
calibration specifications. To account for the larger and concave 
surface with a contact area of 7.1 cm2, an aluminium adaptor 
with the same shape was attached to the impedance head 
B&K8001 to determine the pad sensitivity for B250, The pad 
sensitivity when using B71/B81 was determined using the imped
ance head B&K8000 which has a contact area of 1.75 cm2.

The present calibration of the B250 using the artificial mas
toid B&K 4930 should just be regarded as a first rough estima
tion of the mechanical output and not compliant with 
International Standards ISO 389 and IEC 60318-6. As the B250 
has a larger and non-flat contact surface with an application 
force of 10 N in the clinical setting, the artificial mastoid acts 
just as a mechanical coupler and further investigation is needed 
to determine the equivalence with the human mastoid and the 
real stimuli force level.

Measurement setup

The measurement setup for electroacoustic measurements of 
B250 on the artificial mastoid B&K4930 is shown in Figure 2. To 
avoid the dynamic vibration force from exceeding the static 

Figure 1. Pad correction curves for B250 (solid line) and B71/B81 (dashed line) 
when calibrating the transducers using the artificial mastoid B&K4930.
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force, the B250 transducers were attached with 10 N (corre
sponding to a dynamic force of 140 dB re. 1 mN). The input volt
age “Vin” was applied either by the function generator Agilent 
33220 A (Agilent Technologies Inc., CA, USA) via USB using 
LabVIEW (National Instruments Corporation, TX, USA) or by 
the built in source of the Agilent 35670 A signal analyser. An 
LPA01 Laboratory Power Amplifier (Newtons4th Ltd., UK) was 
used to deliver sufficient electrical input power to the trans
ducers. During the electrical impedance measurement, the input 
current “i(t)” was measured via a 5 X resistor as a function of 
“Vin” and “Vs.” The output voltage from the artificial mastoid 
was measured as “Vout” after a Nexus charge conditioning ampli
fier 2692 (Br€uel & Kjær Sound & Vibration Measurement A/S, 
Denmark) to compensate for cable capacitances. The Nexus 
charge amplifier had a flat voltage gain of 0 dB within the meas
ured frequency range.

Sensitivity level of B250

To obtain the sensitivity level of B250, the vibratory force level 
of B250 was measured on the artificial mastoid using a swept 
sine from 100 to 10 000 Hz with relatively low RMS input volt
age Vin of 100 mV to avoid risking the dynamic peak force to 
exceed the static force of 10 N. The dynamic output force of 
B250, which is equal to the mastoid input force Fin, was meas
ured by applying the frequency-dependent force sensitivity level 
(pad correction) of the artificial mastoid (see Figure 1) (including 
the charge amplifier) to the measured level of the output voltage 
Vout. Related to the input voltage Vin, the sensitivity level of the 
B250 is finally presented in units of decibel relative to 1 m 

Newton per volt (dB re 1 mN/V).

Total harmonic distortion

Total harmonic distortion (THD) in resonant BC transducers is 
limiting the low frequency performance rather than maximum 
allowed operation voltage. At high frequencies where harmonic 
distortion is typically lower, the maximum output is instead lim
ited by the operation voltage. As B250 comprises a BEST 

transducer and has a different frequency response than B71 and 
B81, it is expected to generate low, but different distortion levels 
for the same input voltage. The THD of B250 was measured 
from 100 to 5000 Hz at a fixed input voltage of 1 VRMS and cal
culated according to the IEC 60268-3 standard and after pad cor
rection using the sensitivity levels in Figure 1. Up to five 
harmonics were included and those above 10 Hz were excluded 
as they are outside the valid frequency range of the artificial 
mastoid. In addition, maximum hearing level was measured at a 
fixed THD level rather than the THD at a fixed force level.

Maximum hearing level

According to IEC 60645-1 (2017), the maximum hearing level is 
determined at the level where the fundamental frequency is dis
torted with a THD of 6%. Distortion normally decreases for 
higher frequencies and at some point, the maximum hearing 
level will instead be limited by the maximum allowed operation 
voltage which in this study was set to 6 VRMS. This input voltage 
was never exceeded to avoid risks of overheating or mechanical 
damage of the transducer from long term use. The maximum 
hearing levels of type-1 audiometers are specified in IEC 60645-1 
(2017) between 250 and 8000 Hz, but to investigate the possibil
ity of using even lower frequencies with B250, maximum hearing 
levels were measured for the audiometric frequencies from 125 
to 8000 Hz.

Reference equivalent threshold vibratory force levels

Conversion of force levels into decibel hearing levels require ref
erence equivalent threshold force levels (RETVFLs) for each 
transducer type. The REVTFLs for B71 are specified in ISO 389- 
33 (2016) and are applied also to B81 as those transducers are 
very similar and having identical contact surface and static 
attachment force. Regarding B250, the RETVFL values are 
expected to be different as the transducer inside the casing is 
mounted differently and the casing is both larger and has a 
slightly concave contact surface. Also, when using a P-3333 steel 
spring headband, the static attachment force will increase from 

Figure 2. Setup for electroacoustic measurement of B250. The transducer was applied with a static force of 10 N to the rubber pad of the artificial mastoid B&K 4930. 
The output voltage “Vout” was collected and monitored using LabVIEW and the signal analyser Agilent 35670 A. Further, “Vout” was converted to the transducer force 
“Fin” using the sensitivities of both the pad and charge amplifier Nexus 2692. The LPA01 power amplifier was required to deliver sufficient electrical input power to 
the transducer. A series resistor “R” of 5 Ohms was used to measure the current “i(t)” driving the transducer.
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typically 5.4 N to 10 N because the B250 transducer protrudes 
more than B71 and B81. Furthermore, the protrusion results in a 
superiorly higher stimulation position on the mastoid as the 
effective length of the headband becomes shorter and this could 
possibly have an effect on the RETVFL values as well.

To obtain RETVFL values for B250, data of pure tone hearing 
thresholds from 30 normal hearing subjects (15 male and 15 
female, 20–37 yrs) using both B250 and B81 were analysed and 
compared. Each participant was tested on both ears, which 
resulted in a total of 60 tested ears. The differences in RETVFL 
values between B250 and B81 were calculated as the average 
individual difference in BC hearing thresholds obtained with 
both transducers calibrated in terms of force level. As the AC40 
audiometer from Interacoustics A/S (Assens, Denmark) used in 
this test could only measure down to 250 Hz, the RETVFL values 
for B250 was not determined at 125 Hz. Therefore, the value 
used for B81 at 125 Hz was used also for B250 to convert force 
into hearing levels even though it may be a rather rough 
assumption in practice. This clinical part of the study was 
approved by the Regional ethical review board in Gothenburg 
(537-18) and performed in accordance with the declaration of 
Helsinki. All participants signed a written informed consent. 
Normal hearing criterion for inclusion was based on air conduc
tion AC hearing thresholds better than 20 dB HL and no experi
ence of hearing-related problems.

The threshold measurements were performed in a sound insu
lated booth of 16 m3 with the Radioear B81 transducer and 
TDA39 headphones calibrated using reference values specified in 
ISO 389 standards. The Hughson Westlake procedure was fol
lowed to determine the thresholds and each audiometric frequency 
was tested in the order from 1 kHz up to 8 kHz following 750 Hz 
down to 250 Hz. Narrowband noise was applied as masking of the 
contralateral ear when needed.

Statistics

All data have been analysed by means and standard deviations. 
The statistical analysis was based on a paired two-tailed t-test 
using a probability value of p< 0.05 for rejecting the null 
hypothesis to decide upon a statistically significant difference 
when comparing the electroacoustic performance. Regarding the 
RETVFL investigations, there are two dependent groups as data 
from both transducer types were obtained from measurements 

on the same subjects. This is compensated for by a Bonferroni 
corrected p value of 0.0125 based on a total of 4 comparisons (2 
ears and 2 transducer types).

Results

The electroacoustic performance of six B250 transducers is pre
sented in this section in relation to the performance data of six 
B71 and six B81 transducers published in Fred�en Jansson et al. 
(2015). For comparison purposes, complementary measurements 
of maximum hearing level at 125 Hz have been included for 
seven B71 and B81 as it was not included the published data. 
Numerical values at the audiometric frequencies between 125 to 
8000 Hz are summarised in Table 1.

Sensitivity level of B250

The average sensitivity level of B250 in relation to B71 and B81 
measured on the artificial mastoid B&K4930 for a swept sine 
from 100 to 10 000 Hz is plotted in Figure 3. Two distinct reson
ance peaks are observed at approximately 243.7 ± 6.3 Hz and 
2744 ± 43 Hz with levels of 140.1 ± 0.3 dB and 116.4 ± 0.6 dB re. 
1 mN/V, respectively.

Total harmonic distortion

The THD of B250 when measured for an input voltage of 
1 VRMS is shown in Figure 4 in relation to the THD of B71 and 
B81, respectively. A maximum THD of 4.8 ± 3.3% was observed 
for B250 at 120 Hz and for all frequencies below 1500 Hz it was 
either similar to or lower than the THD of B81. For audiometric 
frequencies, B250 was found to generate statistically significant 
lower THD values than B71 at and below 2000 Hz, and lower 
than B81 at 500, 750 and 1000 Hz.

Maximum hearing level

The maximum hearing level of B250 was in average 36 to 93 dB 
HL in the frequency range from 125 to 8000 Hz, with the lowest 
level at 125 Hz and the highest at 3000 Hz, see Figure 5. At 125 
and 250 Hz, the maximum hearing level was limited by the THD 
of 6%, and at higher frequencies, it was mainly limited by 

Table 1. Comparison of sensitivity level, total harmonic distortion, maximum hearing level, and RETVFL values for B250, B71 and B81 for audiometric frequencies 
between 125 and 8000 Hz.

Frequency 
(Hz)

Sensitivity level (dB re. 1mN/V) THD @ 1 VRMS (%)
Maximum hearing level (dB HL) @ 6% 

THD or 6 VRMS RETVFL 
B250 (dB 
re. 1mN)

RETVFL 
B71 & B81 

(dB 
re. 1mN)B250 B81 B71 B250 B81 B71 B250 B81 B71

125 113.8 ± 1.4 98.2 ± 0.6� 97.0 ± 0.8� 3.97 ± 2.14 5.38 ± 0.94 64.28 ± 5.34� 36.0 ± 3.3 17.4 ± 3.3�a 4.7 ± 1.2�a 82.5b 82.5
250 139.0 ± 1.0 111.7 ± 0.7� 112.0 ± 1.0� 1.42 ± 0.34 1.88 ± 0.41 28.07 ± 5.39� 66.4 ± 1.0 52.6 ± 0.8� 30.6 ± 2.5� 80.5 ± 8.7�� 67
500 121.9 ± 0.6 123.5 ± 0.4� 118.0 ± 0.8� 0.24 ± 0.02 0.87 ± 0.20� 5.52 ± 0.83� 76.1 ± 0.4 74.6 ± 0.4� 61.0 ± 2.0� 59.8 ± 4.1�� 58
750 118.7 ± 0.5 118.8 ± 0.3 114.0 ± 0.8� 0.48 ± 0.07 1.75 ± 0.19� 8.66 ± 1.60� 84.4 ± 0.2 78.9 ± 0.9� 62.6 ± 2.2� 49.0 ± 7.2 48.5
1000 117.0 ± 0.3 118.5 ± 0.4� 113.1 ± 0.9� 0.55 ± 0.08 1.36 ± 0.18� 3.3 ± 0.66� 87.7 ± 0.1 86.6 ± 1.1 75.9 ± 2.6� 44.3 ± 4.6�� 42.5
1500 114.5 ± 0.3 117.2 ± 0.6� 115.1 ± 0.7 0.69 ± 0.19 0.86 ± 0.24 1.05 ± 0.11� 84.6 ± 0.4 93.2 ± 0.7� 91.6 ± 1.0� 45.3 ± 6.2�� 36.5
2000 110.9 ± 0.4 107.9 ± 0.6� 107.9 ± 0.7� 1.04 ± 0.40 0.13 ± 0.03� 1.91 ± 0.41� 84.4 ± 1.5 90.9 ± 0.3� 86.1 ± 2.0 40.3 ± 10.1�� 31
3000 114.1 ± 0.6 101.0 ± 0.3� 100.3 ± 0.7� 1.29 ± 0.45 0.19 ± 0.07� 0.5 ± 0.08� 93.0 ± 1.2 85.8 ± 0.2� 85.8 ± 0.6� 33.3 ± 6.4�� 30
4000 105.5 ± 1.6 105.1 ± 0.2 104.6 ± 0.5 0.37 ± 0.09 0.26 ± 0.10 0.24 ± 0.10� 79.7 ± 1.3 85.1 ± 0.3� 85.0 ± 0.5� 40.6 ± 6.2�� 35.5
6000 92.1 ± 3.8 89.7 ± 1.2 87.6 ± 0.9� – – – 67.5 ± 3.1 63.1 ± 0.6� 62.8 ± 0.7� 40.6 ± 5.1 40
8000 90.8 ± 5.8 80.7 ± 0.6� 83.5 ± 1.7� – – – 60.2 ± 6.2 56.5 ± 1.0 59.7 ± 2.0 46.2 ± 6.9�� 40

One star (�) indicates statistically significant difference relative to B250 and two stars (��) indicates statistically significant difference for B250 RETVFLs relative to 
the values for B71 and B81.
a These values are measured using seven B71s and seven B81s since all other values for B71 and B81 are taken from Fred�en Jansson et al. (2015).
b The same RETVFL as for B71/B81 has been used for B250, since it was not obtained for B250 at 125 Hz.
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6 VRMS except at 3000 Hz where it was limited by the THD. For 
frequencies at and below 750 Hz, the maximum hearing level for 
B250 was found to be statistically significant (p< 0.05) higher 
than both B71 and B81, with the largest improvement over B81 
of 18.6 dB at 125 Hz. Furthermore, the standard audiometer 
requirements specified in IEC 60645-1 (2017) regarding max
imum required bone vibrator output are fulfilled using the B250 
with good margin at all frequencies.

Electrical impedance

The input DC resistance, measured with a multimeter, was on 
average 3.32 ± 0.02 X for all six B250 transducers. For alternating 
signals, the impedance magnitude measured with the signal ana
lyser Agilent 35670 A increased with frequency up to a max
imum of 122.7 ± 19.8 X shown in Figure 6. Minor peaks are 
observed at the corresponding resonance frequencies for all devi
ces and are more prominent in the phase of the electrical imped
ance shown in Figure 7. Both the magnitude and phase curves 
follow the characteristic shape of an inductive load, but the B250 
show a higher magnitude and lower phase for increased fre
quency as compared to B71 and B81.

Reference equivalent threshold force levels

The average pure tone BC hearing thresholds measured with 
B250 and B81 in a total of 60 ears (30 subjects) are shown in 
Figure 8. Numerical values together with statistical results are 
shown in Table 1. The RETVFL values for B250 were then esti
mated as the relative difference between the hearing thresholds 
of both devices. The largest difference is found at 250 Hz where 
the B250 has 13.5 ± 8.7 dB higher RETVFL values than B81.

Discussion

The B250 transducer is designed to be most powerful at 250 Hz 
where it on average was found to be 27 dB stronger than B71 
and B81, respectively. In terms of hearing levels, limited by 
either 6% THD or an input voltage of 6 VRMS, calculated using 
the RETVFL values determined in this study, the corresponding 
improvement was 35.8 and 13.8 dB, respectively. The difference 
in sensitivity level is clearly noticed in Figure 3 where it is also 

Figure 3. Average sensitivity level for B250 (solid black), measured at 0.1 VRMS 

between 100 and 10 000 Hz, given in dB re 1 mN/V and plotted together with 
the corresponding values for B71 and B81 (dashed lines) from Fred�en Jansson 
et al. (2015).

Figure 4. Average total harmonic distortion at 1 VRMS of B250 (solid line) plotted 
together with the corresponding values for B71 and B81 (dashed lines) from 
Fred�en Jansson et al. (2015).

Figure 5. Average maximum hearing level of B250 (solid line) plotted together 
with the corresponding values for B71 and B81 (dashed lines). The B71 and B81 
values at 125 Hz are measured in this study using seven devices of each type 
and values for the remaining frequencies were measured by Fred�en Jansson 
et al. (2015). (X) at 125 Hz indicates that the same RETVFL has been used for all 
three devices as it was not obtained for B250.

Figure 6. Average electrical impedance of B250 (solid line) plotted together with 
the corresponding values for B71 and B81 (dashed lines) from Fred�en Jansson 
et al. (2015).
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obvious that the B250 have two resonance peaks as compared to 
the three found in B71 and B81. In B71/B81, the third peak at 
4 kHz is caused by a resonance in the casing due to the internal 
mounting of the motor unit to increase the output at high fre
quencies. This peak is known to cause some uncertainty in 
ordinary hearing threshold testing probably related to radiation 
of airborne sound from the casing. Therefore, the ear canal is 
sometimes occluded during the BC audiometry with B71 and 
B81 to avoid any risk for radiated sound to cause false bone 
thresholds at high frequencies (Lightfoot and Hughes 1993; 
Margolis et al. 2013). In B250, the motor unit is mounted to the 
side of the casing facing the skin, which is opposite to the 
mounting side in B71 and B81. The mounting method will affect 
the sound transmission path via the casing to the skull and pos
sibly contribute to the difference of 5.1 ± 6.2 dB seen in RETVFL 
levels and hearing thresholds in Figure 8.

In Figure 4, it can be seen that the THD for B250 is either 
similar to or lower than the THD for B81 at frequencies below 
1500 Hz when driven at an input voltage of 1 VRMS even though 
the output force is higher below 750 Hz according to the sensi
tivity level shown in Figure 3. Most importantly, this difference 
correlates to the statistically significant improvement of increased 
maximum hearing levels for B250 at 125 Hz (þ18.6 dB), 250 Hz 
(þ13.8 dB), 500 Hz (þ1.4 dB) and 750 Hz (þ5.5 dB). Moreover, 

this will further increase the margin to the IEC 60645-1 (2017) 
standard audiometer requirements at those frequencies. 
Regarding standard values at 125 Hz, there are no previously 
developed audiometer requirements for bone vibrators, as this 
low frequency has rarely been used before. For definite standard 
RETVFL values at 125 Hz, further BC threshold testing should 
be included instead of using the B71 data. However, this method 
of determining the RETVFL values is only an estimation based 
on the relative difference in BC threshold between transducer 
types. To determine absolute RETVFL values for B250, it would 
be recommended to follow the ISO 389-9 standard guidelines 
where applicable.

The method of using the B71 standardised RETVFL value at 
125 Hz also for B250, resulted in an estimated maximum vibra
tion of 36.0 ± 3.3 dB HL before reaching a THD of 6%, see 
Table 1. Even though this is a relatively rough estimation, it is 
an indication that B250 may possibly allow for routine hearing 
diagnostics at 125 Hz in the future. The corresponding hearing 
levels from complementary measurements of seven B71 and B81 
transducers were 4.7 ± 1.2 dB HL and 17.4 ± 3.3 dB HL, respect
ively. In a study by Fred�en Jansson et al. (2017), the maximum 
hearing level of one B71 and one B81 transducer were measured 
to 5.9 and 14.8 dB HL, respectively, which is within the findings 
of this study.

For frequencies above 250 Hz, the maximum hearing levels 
for B250 could possibly be increased further before reaching a 
THD of 6% by allowing a higher maximum operation voltage. It 
should be mentioned that the maximum input voltage should be 
applied only temporary (< 5 seconds) to avoid internal heating 
of the motor unit from continuous tones that can cause perman
ent damage.

The electrical impedance of all transducer types was found 
statistically significant different at the audiometric frequencies, 
even though the average values were considered similar for the 
application. This means that B250 can be driven by the same 
voltage source and is compatible with the same equipment used 
for audiometric and vestibular investigations without the need 
for an external power amplifier. In comparison with B71 and 
B81, the electrical impedance magnitude of B250 was similar at 
low frequencies and increased up to a maximum difference of 
66.0 ± 20.1 and 50.1 ± 19.2 X at 10 kHz, respectively. This differ
ence is assumed to be caused by eddy current in the counteract
ing mass of Wolfram, acting as a resistive load inside the B250 
transducer, which also correlates to the decrease in phase seen at 
the higher frequencies in Figure 7.

Even though high hearing levels can be generated with low 
distortion, at some level, the patients will start to feel the trans
ducer vibrating on the skin as the force exceeds their threshold 
of vibrotactile sensation (Nober 1964). Overlapping of audiomet
ric and vibrotactile thresholds are more likely to occur at low 
frequencies (Brinkmann and Richter 1983), but patients can eas
ily discriminate between those two sensations (Clemente et al. 
2017). In the study by Fred�en Jansson et al. (2017), the vibrotac
tile thresholds were measured in 16 bilaterally deaf patients who 
could not respond to sound, which resulted in an average vibro
tactile threshold of 17 ± 7 dB HL at 125 Hz and 40 ± 11 dB HL at 
250 Hz using the B81. This means that the high hearing levels in 
general and including those possible to obtain with B250, should 
be used with care to avoid interfering with the vibrotactile sensa
tion, especially at 125 and 250 Hz.

It is clear that the present prototype B250 transducer design 
used in this study has some important advantages over today’s 
available audiometric transducers Radioear B71/B81, but it is still 

Figure 7. Average phase of the electrical impedance of B250 (solid line) plotted 
together with the corresponding values for B71 and B81 (dashed lines) together 
with non-published data from the transducers used in Fred�en Jansson et al. 
(2015).

Figure 8. Average bone conduction hearing thresholds of 60 healthy ears using 
B81 and B250 for the determination of reference equivalent threshold force lev
els for the B250.
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not available as a CE marked product. We are working together 
with an industrial partner to make the B250 generally available 
for applications in both vestibular and hearing testing 
applications.

Conclusions

The prototypes of the B250 used in this study was shown to be 
electrically comparable with B71/B81 in terms of electrical 
impedance and thus possible to directly connect to standard 
audiometers.

The pad correction needed for calibration of the transducer 
on an artificial mastoid had a maximum deviation of only 2 dB 
at high frequencies and was in general flatter than for B71/B81, 
meaning that a fixed calibration factor may be sufficient.

In frequency response measurements, it was found that the 
B250 had a higher output force level than the B71/B81 at low 
frequencies, and most importantly, it can generate higher hearing 
levels with less distortion at and below 750 Hz. Finally, the B250 
has no casing resonance at 4 kHz which may be advantageous in 
hearing threshold measurements at that frequency.
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