
Clinical Performance of a New Magnetic Bone
Conduction Hearing Implant System: Results From a

Prospective, Multicenter, Clinical Investigation

*Robert Briggs, †Andrew Van Hasselt, ‡Michal Luntz, §Marcos Goycoolea,
kStina Wigren, ¶Peter Weber, *Henrik Smeds, kMark Flynn, and *Robert Cowan

*HEARing Cooperative Research Centre, Melbourne, Australia; ÞChinese University of Hong Kong, Hong
Kong, China; þBnai Zion Hospital, Haifa, Israel; §Clı́nica Las Condes, Santiago, Chile; kCochlear Bone
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Objective: The aim of the investigation was to prospectively
evaluate, in a multicenter setting, the clinical performance of a
new magnetic bone conduction hearing implant system.
Methods: The test device was the Cochlear Baha Attract System
(Cochlear Bone Anchored Solutions AB, Mölnlycke, Sweden).
Instead of the skin-penetrating abutment of traditional bone con-
duction hearing implants, the test device uses an implantable and
an external magnet to transmit sound from the sound processor
(SP) through intact skin to the skull bone. Twenty-seven adult
patients with a conductive or mild mixed hearing loss or single-
sided sensorineural deafness were included in the clinical investi-
gation across four investigational sites. The patients were followed
for 9 months after implantation. The study evaluated efficacy in
terms of hearing performance compared with unaided hearing
and with hearing with the SP on a softband. Patient benefit, soft
tissue status, device retention, and safety parameters were moni-
tored continuously throughout the investigation.

Results: Surgery and healing was uneventful. Statistically sig-
nificant improvements in audibility and speech understanding
in noise and quiet were recorded for the test device compared
with preoperative unaided hearing. Speech recognition was sim-
ilar or better than tests performed with the same SP on a softband.
Good soft tissue outcomes were reported, without major pressure-
related complications. At the end of the investigation, all patients
continued to use and benefit from the device.
Conclusion: The test device provides good hearing perfor-
mance in patients with a conductive hearing loss or single-sided
sensorineural deafness, with good wearing comfort and mini-
mal soft tissue complications. Key Words: Bone conductionV
Bone conduction hearing implantVClinical outcomeVHearing
performanceVMagnetic systemVOsseointegrationVBone-
anchored hearing aidVBaha.
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Bone conduction hearing implants consist of a sound
processor (SP) that transforms sound into vibrations,
which are transferred via an osseointegrated implant to
the skull bone and onward to the cochlea. Bone con-
duction hearing implants that rely on direct bone con-
duction via a skin-penetrating abutment have proven

successful for patients with conductive/mixed hearing
loss and single-sided sensorineural deafness (SSD) (1).
The clinical reality, however, is that a relatively large
proportion of potential candidates refuse the treatment,
often because of esthetic concerns related to the skin-
penetrating abutment (2Y5). Other patients may, for
medical or other reasons, not be able to perform the daily
cleaning that is needed to maintain a reaction-free skin
penetration. A nonYskin-penetrating solution, with im-
plantable components covered by intact skin, constitutes
a viable option for this group of patients.

NonYskin-penetrating bone conduction hearing im-
plants that use a magnetic coupling through the skin have
been in clinical use for some time, with varying success
(6,7). There are two main challenges associated with this
type of device. First, energy loss in the intervening skin
layer results in less effective sound transmission compared
with direct bone conduction (8Y10). However, recent
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advances in digital sound processing and fitting tools
(11) make it possible to evaluate and partly compensate
for sound attenuation by increasing the amplification in
the affected frequencies (12). Second, the magnetic
coupling must ensure good retention to enable effective
sound transmission while not causing discomfort and/or
pressure-related soft tissue complications.

A new magnetic bone conduction hearing implant
system has been developed, which uses the same digital
SP technology as for direct bone conduction as well as the
same osseointegrating implant that has shown reliable
stability in previous investigations (13Y15). Instead of a
skin-penetrating abutment, the new system relies on an
implanted and an external magnet to retain the SP. A pad
of soft material lines the external magnet and distributes
the pressure across the skin surface. Research has shown
that the combination of advanced sound processing, sta-
ble single-point fixation in the bone, and even contact
pressure results in efficient sound transmission (16,17)
and minimal skin complications (17).

The aim of the present investigation was to evaluate
the clinical performance of the new magnetic bone con-
duction hearing implant system. The study evaluated
efficacy in terms of hearing performance compared with
unaided hearing and with hearing with the SP on a soft-
band. Patient benefit, soft tissue status, device retention,
and safety parameters were monitored throughout the
investigation.

MATERIALS AND METHODS

Investigational Sites and Patient Selection
This prospective, international, multicenter, clinical investi-

gation included four sites: The HEARing Cooperative Research
Centre (Melbourne, Australia), The Chinese University of Hong
Kong (China), Bnai Zion Hospital (Haifa, Israel), and Clı́nica
Las Condes (Santiago, Chile). The investigation was approved
by local ethics committees and performed in accordance with
the Declaration of Helsinki and international guidelines for
Good Clinical Practice.
Adult patients with a conductive or mild mixed hearing loss in

the ear to be implanted (bone conduction thresholds with pure-
tone average [PTA] [mean of 500, 1,000, 2,000, and 3,000 Hz]
of G30 dB hearing level [HL]) or with SSD (PTA G30 dB HL in
contralateral ear) were included. Patient exclusion criteria in-
cluded uncontrolled diabetes, condition that could jeopardize
osseointegration and/or wound healing, too thin soft tissue, in-
sufficient bone quality/quantity, and previous radiation therapy
in the implant area.

Test Device
The test device was the Cochleari BahaA Attract System

(Cochlear Bone Anchored Solutions AB, Mölnlycke, Sweden).
The system consists of internal (surgically implanted) and ex-
ternal parts (Fig. 1). The internal parts comprise the osseo-
integrating BI300 Implant, onto which the titanium-encased
BIM400 Implant Magnet is fixated. The external parts com-
prise the SP magnet onto which the SP attaches via a snap cou-
pling. SP magnets with five different strengthsVSPM1 (weakest)
to SPM5 (strongest)Vwere available for the investigation to ac-
commodate soft tissue thicknesses of 3 to 6 mm and to provide
sufficient retention for different patient lifestyles. The SP magnet
is lined with a soft pad made of slow-recovery foam that com-
presses and adapts to the underlying surface. All patients received
the test device unilaterally.

Surgery and Fitting
At the baseline visit before surgery, pure-tone audiograms,

including masked/unmasked air- and bone conduction thresh-
olds, were obtained. SP selection was based on patient prefer-
ence and hearing tests with a Baha Softband. Patients received
either the Cochlear Baha BP100 or the BP110 Power Sound
Processor. After a home test period of 1 to 2 weeks using the SP
on a softband, implant surgery was performed using the pro-
cedure recommended by the manufacturer. A C-shaped anterior
incision, approximately 1.5 cm lateral to the planned margin of
the internal magnet, was used. Periosteum was usually pre-
served around the osseointegrating implant. Implant stability
quotient (ISQ) values (13,18) were obtained using resonance
frequency analysis (Osstell ISQ, Osstell, Göteborg, Sweden). A
bone-bed indicator was attached to the implant and rotated 360
degrees to ensure clearance over the adjacent bone; if required,
periosteum and some bone were removed. The implant magnet
was affixed to the implant using 25Ncm tightening torque.
Before closure, the soft tissue flap thickness was measured;
surgical thinning was advocated if the thickness exceeded 6 mm.

Follow-up Examinations
Follow-up examinations were performed at 2, 4, and 6 weeks

and 3 and 9 months after surgery. At 4 weeks, the patients were
fitted with the SP magnet and SP. The retention force was mea-
sured using a dynamometer (Compact Force Gauge+, Slinfold,
United Kingdom) at the time of fitting and at subsequent visits.
Average and peak pressure between the magnet and underlying
skin were measured using a pressure-sensitive sensor (I-Scan,
Tekscan Inc., Boston, MA, U.S.A.).
Free-field hearing tests were performed in a soundproof au-

diometric chamber for the unaided situation and with the SP on
a softband at the preoperative visit and with the test device
4 and 6 weeks and 3 and 9 months after surgery. All tests were
performed with the nontest ear blocked by earplugs in case of
normal/near-normal hearing in the nontest ear and with the
signal processing of the SP set to omnidirectional mode. Pure-
tone audiometry was performed according to the ascending
Hughson-Westlake method with tones presented through a
loudspeaker in the front position (0 degrees azimuth). Speech
perception in quiet was evaluated using phonetically balanced
words (monosyllabic/spondees) presented from the front. The
test was performed at 50, 65, and 80 dB sound pressure level
(SPL); scores were recorded as percentage correctly repeated
words at each SPL. Adaptive sentence test in noise was
conducted to establish the speech-to-noise ratio (SNR), pro-
viding 50% level of understanding. In Hong Kong and Santiago,
language-specific versions of the Hearing in Noise Test (19)FIG. 1. Cochlear Baha Attract System.
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were used, with speech presented from the front and with noise
from the back (Hong Kong) or from 45 degrees (Santiago).
Noise was kept constant at 65 dB SPL, and speech was adapted
in 2-dB steps. The adaptive Australian Sentence Test in Noise
with Bamford-Kowal-Bench-like sentences (20) was used in
Melbourne, but with adaptive speech and fixed noise to match
the Hearing in Noise Test. In Haifa, the Hebrew version of the
Central Institute for the Deaf Everyday Sentence Test (21) was
used, with both speech and noise presented from the front (22)
according to an adaptive tracking method.
The Abbreviated Profile of Hearing Aid Benefit (APHAB)

questionnaire (23) was administered to the patients preopera-
tively and 3 and 9 months after implantation. The APHAB is a
24-item self-assessment inventory that evaluates the benefit
experienced by the patient when using hearing amplification.
The soft tissue at the surgical site was evaluated by the patient

and investigator using the Patient and Observer Scar Assessment
Scale (POSAS) (24). Patient reports of pain and numbness were
collected. Daily usage time and any episodes of insufficient

retention were recorded by the patient in a diary. Adverse events
were monitored as per Good Clinical Practice.
The investigation was monitored by independent clinical

research organizations. Data management was performed by
independent data managers (dSharp, Göteborg, Sweden). Sta-
tistical analyses were performed by independent biostatisticians
(Statistiska Konsultgruppen, Göteborg, Sweden) according to a
predefined statistical analysis plan. For paired observations,
Fisher’s nonparametric permutation test was used. Signifi-
cance tests were two-tailed and conducted at the 0.05 signifi-
cance level. All patients who received the test device were
included in the analyses.

RESULTS

Patients
Twenty-seven patients received the test device and

were included in the investigation: eight patients in
Melbourne, eight in Hong Kong, six in Haifa, and five in
Santiago. Seventeen patients had a conductive hearing
loss, and 10 patients had SSD. Demographics and base-
line characteristics and mean baseline audiograms are
presented in Table 1 and Figure 2. All patients attended
all scheduled study visits.

Surgery and Healing
Surgery was performed under general anesthesia and

was uneventful in all patients. Good implant stability was
achieved at insertion, with a mean ISQ of 75.7 (SD, 8.8)
(mean of highest value out of two perpendicular mea-
surements in each patient). The mean soft tissue thickness
was 6.0 mm (SD, 1.1 mm). Flap thinning was performed in
three patients. The average surgery time was 45.0 minutes
(SD, 14.6 min) from first incision to last suture. The sur-
gical site healed satisfactorily in all patients. No implants
or implant magnets were lost, replaced, or removed.

TABLE 1. Demographics and baseline characteristics

Variable (N = 27)

Sex, n (%)
Male 12 (44.4)
Female 15 (55.6)

Age, mean (SD) (yr) 47.5 (13.8)
Ethnicity, n (%)
Asian (East Asia) 9 (33.3)
White (Caucasian) 18 (66.7)

Type of hearing loss, n (%)
Conductive 17 (63.0)
SSD 10 (37.0)

Bone conduction PTA*, mean (SD) (dB)
Baha side, patients with conductive loss 21.4 (8.7)
Good ear, patients with SSD 16.6 (6.0)

Smoking status, n (%)
Nonsmokers 25 (92.6)
Smokers (e10 cigarettes per day) 2 (7.4)

*Pure-tone average (mean of 500, 1,000, 2,000, and 3,000 Hz).

FIG. 2. Mean baseline audiograms. Patients with conductive hearing loss (left, n = 17) and SSD (right, n = 10). Error bars represent
standard error of the mean. The slight conductive overlay for subjects with SSD was caused by a coexisting conductive loss contralateral to
the deaf ear in three patients. These patients were included in the SSD group because they all selected to wear their SP on the side of the
deaf ear.
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SP Fitting
Fitting of the SP to the magnetic implant was per-

formed at 4 T 1 weeks after surgery on all but one patient,
for whom fitting was delayed 3 weeks because of trauma
to the implant site 10 days after surgery. Six and 21 pa-
tients selected the BP100 and BP110 Sound Processor,
respectively. Table 2 shows the distribution of SP mag-
nets per visit. After initial magnet selection, 14 patients
changed to weaker and two patients to stronger magnets.
Four patients changed magnets more than once.

Insufficient magnetic retention was reported for five
patients with SPM5, who all had preoperative soft tissue
thicknesses exceeding 6 mm; in three of these patients,
flap thinning was performed at implant surgery. Suffi-
cient retention force was achieved by removing the soft
pad while awaiting availability of a stronger magnet.
Three of the patients were able to return to using the soft
pad after a period of adaptation of the skin.

Free-field Hearing Tests
Pure-tone audiometry showed a statistically significant

improvement in PTA (mean of 500, 1,000, 2,000, and
4,000 Hz) of 18.4 dB HL (SD, 6.9 dB; p G 0.0001) with
the test device at 9 months compared with unaided
hearing. The corresponding improvement for the sub-
group of patients with conductive hearing loss and SSD
was 17.9 dB HL (SD, 6.6 dB; p G 0.0001) and 19.1 dB
HL (SD, 7.7 dB; p = 0.0005), respectively. No statisti-
cally significant difference in PTA compared with soft-
band tests was recorded. Table 3 shows PTA values per
visit for all tested conditions.

Statistically significant improvements with the test
device compared with unaided hearing were recorded at
all frequencies up to and including 6,000 Hz (Fig. 3A).
The mean improvement was largest in the frequency range
500 to 3,000 Hz: up to 25.2 dB improvement (SD, 8.4 dB;
p G 0.0001). Overall similar hearing thresholds were ob-
tained with the SP on a softband, with a slight advantage for
the test device between 750 and 1,000 Hz and an advantage
for the softband at and above 4,000 Hz.

Speech recognition tests in quiet showed statistically
significant improvements at all tested intensity levels
with the test device compared with unaided hearing. At
9 months, the mean improvement in percentage correctly
repeated words at 50, 65, and 80 dB SPL was 50.0, 46.4,
and 24.2 percentage points, respectively. Comparison
with softband tests showed no significant differences

(Fig. 3B). The percentage improvement for the subgroup
of patients with a conductive hearing loss and SSD were
similar: 55.6, 45.3, and 23.3 percentage points and 40.1,
48.3, and 25.8 percentage points, respectively, at in-
creasing SPL.

A mean SNR of j4.9 dB (SD, 5.1 dB) was recorded
for the test device in adaptive sentence in noise tests at
9 months, providing statistically significant improvements
of 15.0 dB (SD, 12.8 dB; p G 0.0001) and 3.8 dB (SD,
7.0 dB; p = 0.0092) compared with unaided hearing and
softband tests, respectively. A slight gradual improve-
ment in SNR from the time of initial fitting to the 3-month
follow-up visit was recorded (Fig. 3C). Although there
were differences in test language and methodology, the
four study sites were all consistent in terms of the im-
provement compared with both unaided and softband
conditions. Similarly, results per type of hearing loss were
in line with the global score. The SNR improvement com-
pared with unaided hearing was 17.9 dB (SD, 15.2 dB;
p G 0.0001) for patients with conductive hearing loss and
10.2 dB (SD, 4.7 dB; p = 0.002) for patients with SSD
and 3.8 dB (SD, 7.6 dB; p = 0.05) and 3.7 dB (SD, 6.1 dB;
p = 0.09), respectively, compared with softband.

APHAB
Statistically significant improvements with the test de-

vice compared with the preoperative unaided situation
were obtained for the APHAB subscales Reverberation
(p = 0.016), Background noise (p = 0.035), and the
Global score (p = 0.038). A nonsignificant improvement
and a nonsignificant deterioration were recorded for the
subscales Ease of Communication and Aversiveness, re-
spectively (Fig. 3D).

Magnetic Force and Pressure
The mean magnetic retention force across all visits was

0.99 N, with a relatively large variation between patients
(SD, 0.23 N); the mean force remained stable across time
(Table 3). The mean pressure between the SP magnet and
the underlying skin remained relatively constant across
time with an average of 0.14 N/cm2 (SD, 0.04 N/cm2)
across all visits; no single value exceeded 0.4 N/cm2,
which corresponds approximately to the capillary blood
pressure. The mean peak pressure across all visits was
0.44 N/cm2 (SD, 0.27 N/cm2). For the patients who used
the magnet with a soft pad, as indicated, the peak pressure
did not exceed the target maximum value of 0.6 N/cm2

(corresponds approximately to the diastolic blood pres-
sure in children), except at one or two occasions in
three patients (only one of the recorded values exceeded
0.8 N/cm2, which approximates to the diastolic blood
pressure in adults). In patients, who used SPM5 without
a soft pad, however, significantly higher values were
recorded (up to 1.95 N/cm2).

Daily Use and Retention
The patient-reported average daily use was 7.0 h/d

(SD, 3.8 h/d) and ranged between 3.4 and 15.4 h/d. The
daily use for the subgroups of patients with conductive

TABLE 2. Distribution of sound processor magnets by
visit, n (%) (N = 27)

SP magnet 4 wk 6 wk 3 mo 9 mo

SPM 1 0 (0.0) 0 (0.0) 0 (0.0) 1 (3.7)
SPM 2 0 (0.0) 2 (7.4) 3 (11.1) 3 (11.1)
SPM 3 5 (18.5) 4 (14.8) 6 (22.2) 8 (29.6)
SPM 4 5 (18.5) 8 (29.6) 6 (22.2) 4 (14.8)
SPM 5 17 (62.9) 13 (48.1) 12 (44.4)* 11 (40.7)

*A stronger magnet (equivalent to SPM 6) was developed and tem-
porarily used by one subject.
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hearing loss and SSD was 7.6 (SD, 4.0 h/d) and 6.0 h/d
(SD, 3.3 h/d), respectively. Incidences of insufficient re-
tention were rare and reported to occur on average less
than once every third day during normal daily activities.

Soft Tissue Status, Numbness, and Pain
Overall low and decreasing POSAS scores were

recorded, indicating satisfactory soft tissue status. At the
last visit, the mean overall opinion of the skin was rated as
1.52 (SD, 0.93) by the investigators and 1.81 (SD, 1.21)
by the patients on a scale from 1 to 10, with low values
indicating good outcomes. The proportion of patients
experiencing numbness was highest at the time of ini-
tial fitting (62.9%) and decreased gradually thereafter
(22.2% at the last visit). Overall mean pain scores were
low, indicating no or limited pain in the majority of pa-
tients. See Table 3.

Adverse Events
No cases of pressure-related skin necrosis or significant

soft tissue reactions were reported. Four cases of mild

erythema were reported. Three events resolved without
medical treatment; in one patient, this was achieved by
changing to a weaker magnet. The last case was reported
as initiated at the time of the last visit and, hence, was
ongoing at study end. Four cases of pain at the implant
site were reported, two of which resolved within 1 week
without treatment. Two patients reported mild/moderate
pain after continuous use of the device. One patient
reported discomfort in the magnet area, which resolved
without medical treatment. No other device-related local
adverse events were reported. All patients continue to use
and benefit from the device.

DISCUSSION

The investigation evaluated the clinical performance of a
novel magnetic bone conduction hearing implant in 27 adult
patients with conductive or mild mixed hearing loss or
SSD. The study showed statistically significant improve-
ments in hearing performance compared with unaided

TABLE 3. Test results by visit (N = 27)

Pure-tone average by visit, mean (SD) (dB)

Test condition Preop 4 wk 6 wk 3 mo 9 mo
Unaided 55.7 (6.9) - - - -
Softband 36.4 (7.3) - - - -
Test device - 38.1 (6.3) 37.2 (6.9) 37.3 (5.4) 37.4 (6.0)

Magnetic retention and pressure by visit, mean (SD)*

Test type Preop 4 wk 6 wk 3 mo 9 mo
Retention force (Newton) - 0.97 (0.30) 1.1 (0.37) 0.98 (0.29) 0.97 (0.28)
Pressure (N/cm2) - 0.17 (0.05) 0.14 (0.05) 0.13 (0.04) 0.14 (0.07)
Peak pressure (N/cm2) - 0.54 (0.42) 0.46 (0.40) 0.36 (0.21) 0.42 (0.33)

Patient and Observer Scar Assessment Scale (POSAS) by visit, mean (SD) (Observer scale: 1 = normal skin, 10 = worst scar imaginable;
Patient scale: 1 = normal skin, 10 = very different)

Scale and subscales Preop 4 wk 6 wk 3 mo 9 mo
Observer scale
Pigmentation - 2.19 (1.47) 2.15 (1.10) 2.48 (1.85) 1.41 (0.64)
Pliability - 2.04 (1.40) 1.74 (0.66) 2.22 (1.58) 1.41 (0.89)
Relief - 2.37 (1.42) 2.30 (1.38) 2.44 (2.22) 1.52 (1.01)
Surface area - 2.00 (1.44) 1.78 (0.75) 2.04 (1.56) 1.41 (0.89)
Thickness - 2.38 (1.53) 2.22 (1.25) 2.30 (1.61) 1.67 (1.52)
Vascularity - 2.11 (1.05) 2.19 (1.18) 2.63 (1.94) 1.81 (1.14)
Overall opinion - 2.14 (0.96) 2.24 (0.83) 2.38 (1.53) 1.52 (0.93)

Patient scale
Painful - 1.74 (1.16) 1.56 (1.12) 1.59 (1.08) 1.37 (0.93)
Itching - 2.44 (1.37) 2.22 (1.58) 1.63 (1.01) 1.48 (1.05)
Color - 2.37 (1.62) 1.96 (1.31) 2.08 (1.71) 1.62 (1.20)
Stiffness - 2.44 (1.76) 2.12 (1.64) 2.29 (1.99) 2.11 (1.60)
Thickness - 2.96 (2.36) 1.85 (1.17) 2.41 (1.93) 2.00 (1.47)
Irregular - 2.78 (2.19) 1.70 (1.10) 2.26 (2.26) 1.93 (1.52)
Overall opinion - 2.26 (1.61) 2.19 (1.64) 2.22 (1.97) 1.81 (1.21)

Numbness and pain scores, by visit. The pain scale rates any presence of pain from 1 = no, not at all to 10 = yes, very much

Variable Preop 4 wk 6 wk 3 mo 9 mo
Numbness, n (%)
No numbness - 10 (37.0) 15 (55.6) 20 (74.1) 21 (77.8)
Numbness within 2 cm - 9 (33.3) 9 (33.3) 3 (11.1) 1 (3.7)
Numbness within 2 cm and beyond - 8 (29.6) 3 (11.1) 4 (14.8) 5 (18.5)

Pain, mean score (SD)
Neuropathic pain - 1.41 (0.93) 1.19 (0.48) 1.56 (1.05) 1.19 (0.79)
Pain from the scar - 1.11 (0.32) 1.26 (0.81) 1.74 (1.79) 1.15 (0.77)

*In case of sound processor magnet change, the measurements were performed with the new magnet.
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hearing and similar or improved outcomes compared with
tests performed with the SP on a softband. No major
pressure-related soft tissue complications were reported
and no implants were lost or removed, suggesting that the
device is efficacious and safe for the tested indication.

Magnetic bone conduction hearing implants have the
advantage over skin-penetrating systems of providing
improved cosmetics and eliminating the daily cleaning of
the site (25). With modern SP technology, it is possible to
obtain good sound transmission despite the soft tissue
attenuation that is inherent to magnetic bone conduction
hearing implants. Although the system must provide re-
liable retention of the SP to ensure good clinical outcomes,
it should not cause irritation of the skin or discomfort.
Threshold audiometry showed that the test device provides
significant functional gain at all frequencies. The improve-
ment is largest in the important speech frequency range up
to and including 3,000 Hz. Above 3,000 Hz, the perfor-
mance drops gradually as expected because of the soft tissue

attenuation, which is known to mainly affect the high fre-
quencies (26,27). It is anticipated that aided high-frequency
thresholds could be improved further (particularly by pre-
scribing more amplification in the high frequencies) by less
conservative SP settings than were used in the present in-
vestigation. It would be expected, however, that some at-
tenuation of sound through soft tissue will remain. In the
sentence tests in noise, which represents the most difficult
listening situation, significant improvement in SNR was
recorded compared with unaided hearing and compared
with softband tests. Speech recognition in quiet was sig-
nificantly better than for the unaided situation and similar
to softband. Although not statistically verified, a gradual
improvement in speech understanding was noted up to the
3-month visit, followed by relatively stable levels. A pos-
sible improvement in hearing performancemay be explained
by adaptation as patients get used to the sound; it may also
be an effect of fine-tuning of the SP by the audiologist. The
fact that overall comparable outcomes were obtained with

FIG. 3. A, Pure-tone thresholds per frequency for the unaided situation (preop), softband (preop), and test device (9 mo) in decibels. Error
bars represent standard error of the mean. N = 27. B, Speech perception in quiet for the unaided situation (preop), softband (preop), and test
device (4 wk, 6 wk, 3 mo, 9 mo). Percent correctly repeated words at 50, 65, and 80 dB SPL. Error bars represent standard error of the mean.
N = 27. C, Speech-to-noise ratio allowing 50% speech recognition for the unaided situation (preop), softband (preop), and test device (4 wk,
6 wk, 3 mo, 9 mo). N = 27. D, APHAB scores, change between unaided (preop) and test device (Visit 7). Positive values represent benefits
for the test device. AV indicates aversiveness; EC, ease of communication; RV, reverberation; BN, background noise; GLOBAL, global
score. Error bars represent standard error of the mean. N = 27.
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the SP on a softband as with the test device suggests that
preoperative softband tests are a good predictor of the
patient’s postoperative hearing performance; the impor-
tance of preoperative testing to achieve successful clinical
outcomes has been reported by several authors (5,28,29).

APHAB scores showed that the test device provides
good subjective benefit in terms of the patient’s listen-
ing experience compared with the unaided situation. Im-
provements were obtained for the subscales related to
reverberation, background noise, and ease of communi-
cation. A nonsignificant deterioration was observed for
the subscale aversiveness, which quantifies negative re-
actions to environmental sounds; slightly worse aversive-
ness scores are a known effect with hearing devices (30,31)
and have been attributed to unwanted sound also being
amplified (30).

Soft tissue complications were minimal, as reflected by
good POSAS scores and only four reports of mild skin
irritation. The result suggests that the test device is
associated with significantly less adverse soft tissue re-
actions than implants involving a skin-penetrating abut-
ment (32). Favorable pain and numbness scores together
with a high mean daily use (7 h/d) suggest good wearing
comfort. Some patients reported average daily use ex-
ceeding 15 h/d; however, other patients were only part-
time users while still reporting good benefit from the
device. The relatively lower usage time in some patients
may be reflective of the nonYskin-penetrating nature and
flexibility of the device, which allows patients to easily
attach the SP to the invisible implant site when exposed
to challenging listening situations. The ease of use of the
device may provide significant advantages for patients
with disabilities and/or reduced dexterity.

As with any surgical procedure involving incising soft
tissue, a certain degree of transient (or in some cases
permanent) numbness can be expected. In the present
investigation, gradually reducing numbness was reported.
Possibly the degree of paresthesia could be further re-
duced by placing the incision superior rather than anterior
to the planned magnet position.

Assessment of the magnetic retention showed that the
patients on average chose a retention force of around 1
Newton. However, the variability between patients was
relatively large and most likely relates to different com-
fort levels and lifestyles of individual patients. For the
same reasons and because of different soft tissue thick-
nesses, the patients chose SP magnets of varying strength.
More than half of the patients required a change of SP
magnet at some point during the investigation. The ma-
jority of these patients changed to a weaker magnet, which
suggests that the tissue gradually compresses under the load
of the magnet during the initial period after fitting. Similar
observations have been reported for other implants incor-
porating a magnetic coupling (33,34).

The reported rate of insufficient retention was low. A
few patients experienced retention difficulties with the
strongest available SP magnet (SPM5); sufficient reten-
tion was obtained by removing the soft pad to increase the
magnetic force. Removing the soft pad may cause areas

of higher peak pressure to appear on the skin, as dem-
onstrated by pressure measurements performed in this
investigation. To maintain a healthy implant site, peak
pressure areas should be avoided because the blood sup-
ply in the soft tissue may be affected. Areas of high peak
pressure were not seen in the presence of the soft pad,
demonstrating its ability to distribute the pressure evenly.
All patients with retention difficulties had preoperative
soft tissue thicknesses greater than 6 mm, highlighting the
importance of flap thinning if the thickness exceeds this
value. The need for extra magnet strength also in patients
who had flap thinning at surgery suggests the presence of
transient postoperative swelling/edema in these patients.
Although the majority of patients were successfully fitted
with the available range of magnets, additional strength
may be required in specific situations as a temporary or
permanent solution; hence, the manufacturer has devel-
oped a stronger magnet (SPM6) to meet this need.

CONCLUSION

The magnetic bone conduction hearing implant eval-
uated in the present investigation was shown to be safe
and effective because it provides good hearing perfor-
mance in patients with conductive and mild mixed hear-
ing loss or SSD, with good wearing comfort and minimal
soft tissue complications. Future investigations may be
considered to address the question of maximum audio-
metric fitting range for these systems. Magnetic systems
constitute a viable alternative for patients who cannot or
will not use an implant system that involves skin pene-
tration. Although the investigation was limited to adult
patients, it is expected that the device is equally suited
for pediatric patients who are candidates for bone con-
duction surgery.
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