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of the linear incision technique with soft-tissue preservation
for bone-anchored hearing systems (BAHS).
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controlled clinical trial.

Setting: Maastricht University Medical Centre, Ziekenhuis-
groep Twente and Medisch Centrum Leeuwarden, all situ-
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Participants: Sixty-four adult patients eligible for unilateral
BAHS surgery.

Interventions Single-stage BAHS surgery with 1:1 randomi-
zation to the linear incision technique with soft-tissue
preservation (control) or the MIPS (test) group.

Primary and Secondary Outcome Measurements: Primary
objective: compare the incidence of inflammation (Holgers
Index > 2) during 12 weeks’ follow-up after surgery.
Secondary objectives: skin dehiscence, pain scores, loss of
sensibility around the implant, soft-tissue overgrowth, skin
sagging, implant extrusion, cosmetic results, surgical time,
wound healing and Implant Stability Quotient measurements.
Results: Sixty-three subjects were analyzed in the intention-
to-treat population. No significant difference was found for
the incidence of inflammation between groups. Loss of skin
sensibility, cosmetic outcomes, skin sagging, and surgical
time were significantly better in the test group. No statisti-
cally significant differences were found for dehiscence, pain,
and soft-tissue overgrowth. A nonsignificant difference in
extrusion was found for the test group. The Implant Stability
Quotient was statistically influenced by the surgical tech-
nique, abutment length, and time.

Conclusion: No significant differences between the MIPS and
the linear incision techniques were observed regarding skin
inflammation. MIPS results in a statistically significant reduc-
tion in the loss of skin sensibility, less skin sagging, improved
cosmetic results, and reduced surgical time. Although nonsig-
nificant, the implant extrusion rate warrants further research.
Key Words: BAHS—Bone conduction—Bone-anchored
hearing—Hearing loss—Holgers index—Minimally invasive
ponto surgery—MIPS—Soft tissue reactions—Surgical
outcomes—Surgical technique—Tissue preservation.
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The bone-anchored hearing system (BAHS) has
become an accepted treatment option for subjects suffer-
ing from various types of hearing loss, such as conductive
or mixed hearing loss or single-sided deafness, who are
unable to benefit from conventional therapies, such as air
conduction hearing aids or reconstructive middle ear
surgery (1,2). It consists of a retro-auricular-placed tita-
nium implant mounted with a percutaneous abutment, to
which a sound processor can be attached. The implant
integrates with the skull through a process of osseointe-
gration. The sound processor receives sound, converts it
to vibrations, and uses the skull as a conductive material
to transmit it to the cochlea directly, thereby bypassing
the ear canal and middle ear (3,4).

One concern when it comes to the BAHS is the skin
around the implant. For the BAHS, this soft-tissue status
is commonly assessed using the five-grade Holgers
Index (5). Periabutment inflammation, defined as a
Holgers Index of 2 or above, is the most common
complication of BAHS and it can be associated with
pain and discomfort (6,7). Other complications related
to BAHS include pain, numbness of the skin adjacent
to the implant, soft-tissue overgrowth, and implant
extrusion (6,8).

To improve outcomes, both the implant design and the
surgical technique have evolved over the last few decades
(9—11). The design of the skin-penetrating abutment has
been refined from an angulated sharp design to curved or
cylindrical alternatives (11,12). Soon after the introduc-
tion of the BAHS, it was hypothesized that adverse soft-
tissue reactions occur as a result of skin movements
adjacent to the skin-penetrating abutment (13). This
led to the development of surgical techniques with
soft-tissue reduction to minimize skin movements. In
contrast to this hypothesis, van de Berg et al. (14)
demonstrated that less invasive surgical techniques pro-
duced better results. Following this, a linear incision
technique without any soft-tissue reduction was intro-
duced, further improving outcomes, and it is currently the
most advocated technique (9,10). However, raising a
mucoperiosteal flap is associated with a degree of tissue
damage and discomfort for the patient and it requires
more surgical work such as suturing. As a result, there is a
need to improve the surgical technique to further dimin-
ish adverse soft-tissue events. It is suggested that, by
leaving the soft tissue and vascular supply surrounding
the percutaneous abutment intact, the prerequisites for
effective wound healing would be largely retained (10).
To this end, surgeons have attempted a punch-only
technique (15—17). This would obviate the need for an
incision, reduce procedure time and clinical work load,
with the aim of minimizing postoperative complications
such as numbness, pain, swelling, infection and dehis-
cence, as well as possibly reducing costs. Until now, a
standardized method and tools to perform the punch
technique for BAHS have been lacking. Recently, the
Minimally Invasive Ponto Surgery (MIPS) technique was
introduced by Oticon Medical AB (Askim, Sweden) to
address this problem (18,19). This surgical procedure is a

punch-only technique performed with a specially
designed surgical kit.

This is the first multicenter, randomized, controlled
trial to compare the MIPS technique with the linear
incision technique with soft-tissue preservation. In both
groups, Ponto Wide implants (Oticon Medical AB) with
mounted abutments were used, resulting in a design
evaluating only the surgical technique. Here we report
the surgical outcomes after 3 months’ follow-up.

METHODS

Study Design

The study protocol of this multicenter, randomized, con-
trolled trial has previously been published (20). Maastricht
University Medical Centre, Ziekenhuisgroep Twente, and Med-
isch Centrum Leeuwarden, all situated in The Netherlands,
participated in the performance of the trial. Adult patients
(above 18 yr) who were eligible to undergo a unilateral BAHS
were asked to participate in this trial. The exclusion criteria
were 1) a history of immunosuppressive disease, 2) use of
systemic immunosuppressive medication, 3) bilateral BAHS
placement, 4) relevant dermatological disease (e.g., psoriasis,
severe eczema), and 5) participation in other studies. If a
suitable site for a 4-mm implantation was not found or if the
bone quality was assessed as being insufficient, the subject was
regarded as early termination and excluded during surgery.

Randomisation and Blinding

Enrolled subjects were allocated consecutively to the test
group (MIPS technique) or the control group (linear incision
technique with soft-tissue preservation) in a 1:1 ratio stratified
for sex. Subjects at each site were randomized independent of
other centers using randomization software (Statistiska konsult-
gruppen, Gothenburg, Sweden). Blinding was not possible due
to the type of intervention.

Procedures

ENT surgeons, experienced in the linear incision technique
with soft-tissue preservation, performed all the surgeries and
were given in-depth MIPS training before opening the trial for
enrolment. The coordinating investigator and a surgical support
team were present during the first few MIPS surgeries in the
trial at every center. Based on patient preference, local or
general anaesthesia was used. Abutment length was determined
by measuring the skin thickness prior to the administration of
local anesthetics. In both groups, a Ponto Wide 4-mm implant
with a premounted abutment (9, 12, or 14 mm) was installed
using an insertion torque setting of 40 to 50 Ncm (Oticon
Medical, Askim, Sweden).

In the control group, the linear incision technique with soft-
tissue preservation was performed (Fig. 1A) (10,20). In the test
group, the MIPS technique was performed according to the
manufacturer’s instructions (Fig. 1B) (18-20). Detailed
descriptions of the steps can be found in the protocol (20).
Finally, in both groups, a healing cap was attached to the
abutment and gauze drenched in antibiotic ointment (Terra-
cortril, Pfizer Laboratories, New York, NY) was applied.

Patients were assessed at inclusion, surgery, standard follow-
up visits (9 d, 3 and 12 wk) and extraconsultations. The surgery
procedure time (time from incision or punching to placement
of healing cap) and total time in the operating theater
were measured. The peri-abutment skin was graded on all
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FIG.1. Surgical techniques. A, Linear incision technique with soft-tissue preservation. (i) Linear incision. (ii) Drilling procedure. (iii) Implant
installation. (iv) Closing incision line. (v) Result after skin punch. (vi) Attachment of healing cap and application of dressing. B, Minimally
Invasive Ponto Surgery. (i) Skin punch. (ii) Placement of the cannula. (iii) Drilling procedure. (iv) Implant installation with installation indicator.

(v) Result. (vi) Attachment of healing cap and application of dressing.

postsurgery visits according to the Holgers Index (0 No irrita-
tion; 1 slight redness; 2 red and slightly moist tissue, no
granuloma formation; 3 reddish and moist; sometimes granula-
tion tissue; 4 removal of skin-penetrating implant necessary due
to infection; 5 skin reactions assessed as Holgers > 2 were
defined as an incidence of inflammation).

A detailed description of procedures and assessments is
available in the published protocol (20) and supplementary
data (S1, see http://links.lww.com/MAO/A634). In short, pain
scores, the presence of skin dehiscence and sagging, soft-tissue
height, soft-tissue overgrowth, and processor use were assessed
on all follow-up visits, including extraconsultations. Skin sen-
sibility and wound healing were assessed on standard follow-up
visits. Implant Stability Quotient (ISQ) (Osstell AB, Gothen-
burg, Sweden) measurements were obtained directly after
surgery and on all follow-up visits. At the 12-week follow-
up, cosmetic results and the skin pocket were assessed. In
addition, complications, adverse events (AE), serious adverse
events, device deficiencies, and concomitant treatment
were registered.

Outcomes
The outcomes have previously been described in detail (20).
The primary end-point is the incidence of peri-abutment inflam-
mation (Holgers Index > 2) between surgery and the 12-week
follow-up. Secondary outcomes include surgical procedure
time, wound healing, the presence of dehiscence after surgery,
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soft-tissue overgrowth/height, loss of skin sensibility, pain,
cosmetic results, ISQ measurements, and extrusion rate. Ter-
tiary outcomes include the skin pocket size and total time of
processor use. Intraoperative complications, postsurgical com-
plications, AEs, serious adverse events , and device deficiencies
were also noted.

Statistical Analysis

Sixty-two subjects were needed to ensure sufficient power
(20). For the primary end-point, a x> test was performed. Holgers
Index scores on standard visits were compared using the Mantel-
Haenzel yx* test. In overall terms, continuous variables were
compared using the Mann—Whitney U test. Dichotomous vari-
ables were compared using the x° test or Fisher’s exact test in the
event of low counts. A two-way analysis of variance was con-
ducted on the influence of anesthesia and surgical technique on
the time spent in the operating theater. A mixed model was used to
analyze ISQ High and ISQ Low. The extrusion rate was compared
using the log-rank test. Statistical significance was assumed at
0.05. All analyses were performed with an intention-to-treat
(ITT) population and a per-protocol (PP) population.

Missing data were mainly handled using a last observation
carried forward method. Sensitivity analyses were performed
for the incidence of inflammation (Holgers Index) and pain
according to the following. For inflammation, the highest
observed Holgers Index plus one was imputed in the sensitivity
analysis, as well as a worst-case scenario using Holgers Index
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Randomized (n= 64)

A4

Allocated to Test group (n=33)
* Received allocated intervention (n= 33)

[ Allocation ] l

Allocated to Control group (n=31)
* Received allocated intervention (n=31)
o  Exclusion during surgery due to
placement 3 mm implant (n=1)

[ Follow-Up ]

* Lost to follow-up (n=0)
o Implant loss (n=4)
o Visit out of window (n=3)

*  Lost to follow-up (n=0)
o Implant loss (n=1)
o Visit out of window (n=3)

BT |

Analysed
¢ Intention to Treat population (n=33)

Per Protocol population (n =26)
o Implant loss excluded (n=4)
o Out of window excluded (n=3)

Analysed
¢ Intention to Treat population (n=30)

Per Protocol population (n =26)
o Implant loss excluded (n=1)
o Out of window visits excluded (n=3)

FIG. 2. Subject flow chart. Sixty-four subjects were randomized. Twenty-nine subjects in each group were included in the per protocol

analysis.

4 scores. For the sensitivity analysis of pain scores, the highest
possible value of 10 was imputed in a worst-case scenario.

Ethical Considerations

This study was performed in accordance with ISO
14155:2011 and the Declaration of Helsinki (21). The study
was approved by the ethics committee at Maastricht University
Medical Centre+ (NL50072.068.14) and is registered with
ClinicalTrials.gov NCT02438618. Medisch Centrum Leeuwar-
den and Ziekenhuisgroep Twente were added as sites after
acceptance of the amendment to extend the study to a multi-
center study. The local ethics committees approved the execu-
tion of the protocol at these sites. All subjects provided written
informed consent.

This study is sponsored by Oticon Medical AB (Askim,
Sweden). The investigators had full access to all data. Moni-
toring was performed by the sponsor and TFS Develop (Zalt-
bommel, The Netherlands). Data analysis was conducted by
Statistiska Konsultgruppen (Gothenburg, Sweden).

RESULTS

Patient Demographics
Between December 2014 and August 2016, 64 subjects
were included (Fig. 2). Thirty-three subjects were random-
ized to the test group (52%) and 31 to the control group
(48%). One subject was excluded during surgery due to the
placement of a 3-mm implant, resulting in 63 subjects
being analyzed in the ITT population. For the PP

population, five subjects who experienced an implant
extrusion were excluded. The patient characteristics were
similar between the groups (Table 1). The primary out-
come, secondary outcomes, and tertiary outcomes of the
ITT population are presented in Table 2. The PP popula-
tion results are presented in the supplementary data (S2—
S3, see http:/links.lww.com/MAO/A634). Protocol devi-
ations mainly included visits out of window.

Primary Outcome

The incidence of inflammation (Holgers Index > 2)
between surgery and 12 weeks showed no statistically
significant difference between surgical techniques in the
ITT population (p=0.37) or PP population (p =0.68)
(Fig. 3A, Table 2 and Table S3, see http://links.lww.com/
MAO/A634). Five subjects experienced an episode of
inflammation in the control group (16.7%) compared
with three subjects in the test group (9.1%). Sensitivity
analyses yielded similar results.

Secondary and Tertiary End-points

Surgery
Surgery characteristics are presented in Table 1. Intra-
operative events were few and comparable between the
two groups (Table 2/S2, see http://links.lww.com/MAO/
A634). There were no conversions to linear incision for
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TABLE 1. Baseline and surgery characteristics

Linear Incision (n=30)

Baseline Characteristics MIPS (n=33)
Age (yrs) 50.3 (16.3) (44.5; 56.1)
Sex

Male 12 (36.4%)

Female 21 (63.6%)

Type of hearing loss

Acquired conductive/mixed hearing loss 26 (78.8%)

Single sided deafness 6 (18.2%)

Congenital conductive hearing loss 1 (3.0%)
Side scheduled for surgery

Right 17 (51.5%)

Left 16 (48.5%)
Smoking

No smoking 26 (78.8%)

Smoking 7 (21.2%)

Body mass index 27.4 (6.4) (25.2; 29.7)
Ethnicity

Caucasian 33 (100.0%)

51.9 (16.1) (45.9; 57.9)

11 (36.7%)
19 (63.3%)

25 (83.3%)
5 (16.7%)
0 (0.0%)

13 (43.3%)
17 (56.7%)

22 (73.3%)
8 (26.7%)
28.3 (5.6) (26.2; 30.4)

30 (100.0%)

Surgery Characteristics

MIPS (n=133)

Linear Incision (n=30)

Type of anaesthesia
General 16 (48.5%)
Local 17 (51.5%)
Surgical time (min)*

Skin thickness (mL)
Abutment length

9 21 (63.6%)
12 10 (30.3%)
14 2 (6.1%)

Manual tightening performed
Concomitant medication during surgery
Intraoperative events

12 (36.4%)
28 (84.8%)

Drilling into vein 2 (6.1%)
Dura mater exposed 0 (0.0%)
Skin problems 0 (0.0%)
Drilling into air pockets 0 (0.0%)
Bleeding hematoma 1 (3.0%)
Replacement suture 0 (0.0%)

6.52 (2.84) 6.00 (2.00; 15.00) (5.51; 7.52)
Time in operation room (min)*/” 442 (11.1) 45.0 (28.0; 72.0) (40.1; 48.3)
6.12 (1.80) (5.48; 6.76)

17 (56.7%)

13 (43.3%)
13.3 (3.5) 13.0 (8.0; 25.0) (12.0; 14.6)
50.8 (7.8) 50.5 (33.0; 69.0) (47.5; 54.1)
6.03 (1.69) (5.40; 6.66)

13 (43.3%)

16 (53.3%)
1 (3.3%)
8 (26.7%)

23 (76.7%)

2 (6.7%)
1 (3.3%)
0 (0.0%)
0 (0.0%)
1 (3.3%)
0 (0.0%)

Categorical variables: n (%) is presented. Continuous variables: mean (SD) (95% CI of mean) is presented.

“Median (min; max) (95% CI) is presented.

bPatients with additional intervention during surgery were excluded.

MIPS indicates minimally invasive ponto surgery.

patients subjected to the MIPS surgery technique. The
surgical procedure time was significantly shorter in the
test group compared with the control group, with a mean
time of 6.52 minutes (SD=2.84) and 13.3 minutes
(SD=3.5) respectively (p <0.0001). The time spent
in the operating theater was significantly influenced by
both the type of anesthesia (p < 0.0001) and the surgical
technique (p =0.0062). Adverse events during surgery,
device deficiencies, and other device complaints are
described in S5 (see http://links.lww.com/MAQO/A634).

Soft-tissue Outcomes
Wound healing at the implant-soft-tissue interface did
not differ significantly between groups (Table 2). All
wounds had healed after 12 weeks. At the 9-day follow-
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up, a slight dehiscence of the skin—abutment interface was
observed in 14 subjects (48.5%) in the test group compared
with 21 subjects (73.3%) in the control group (p = 0.078).
An additional analysis of the Holgers Index ratings per
visit revealed no difference at 9 days or 12 weeks
(p=0.33,p=0.64) (Fig. 3A). At 3 weeks, a significantly
larger number of cases with Holgers 1 scores were
observed in the test group compared with the control
group (40.6% versus 10%, p=0.027). Skin sagging,
mainly observed in the most cranial posterior quadrant,
was present in 8 subjects (27.6%) and 20 subjects
(71.4%) in the test and control group respectively
(p=0.002). There were no cases of soft-tissue overgrowth
or significant differences in skin height between treatment
groups.
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TABLE 2. Outcomes
Outcomes
Primary Outcome MIPS (n=33) Linear Incision (n=30) P Value
Holgers index >= 2 at any time from surgery to 12 wk 3 (9.1%) 5 (16.7%) 0.37
Holgers index >= 2 at any time from surgery to 12 wk 3 (9.1%) 5 (16.7%) 0.37
(Sensitivity analysis, highest observed Holgers index score plus one)
Holgers index >= 2 at any time from surgery to 12 wk 7 (21.2%) 5 (16.7%) 0.65
(Sensitivity analysis, all implant losses have experienced Holgers index score of 4)
Secondary Outcomes MIPS (n=33) Linear Incision (n=30) P Value
Wound dehiscence at 9 d 16 (48.5%) 22 (73.3%) 0.078
Extrusion rate 4 (12.1%) 1 (3.3%) 0.19
Loss of skin sensibility (mm)®
9d 2.70 (6.13) 0.00 13.5(21.0) 4.5 0.0050
(0.0; 25.0) (0.52; 4.87) (0.0; 100.0) (5.6; 21.3)
3 wk 0.375 (1.04) 0.0 8.23 (17.25) 0.0 0.013
(0.0; 5.0) (0.00; 0.75) (0.0; 70.0) (1.79; 14.68)
12 wk 0.14 (0.52) 0.0 5.79 (13.75) 0.00 0.0076
(0.0; 2.0) (05 0.33) (0.00; 60.00) (0.56; 11.02)
No loss of sensibility (0 mm)
9d 24 (72.7%) 13 (43.3%)
3 wk 27 (84.4%) 18 (60.0%)
12 wk 27 (93.1%) 19 (65.5%)
Soft tissue overgrowth 0 (0.0%) 0 (0.0%) 1.00
Mean skin level at 12 wk 5.02 (1.42) (4.48; 5.56) 5.08 (1.04) (4.68; 5.47) 0.64
Wound healing
9d 7 (21.2%) 5 (16.7%) 0.89
3 wk 22 (68.8%) 20 (71.4%) 0.82
12 wk 29 (100.0%) 29 (100.0%) 1.00
Pain scorings”
Pain around implant
9d 1.39 (1.87) 0.00 1.97 (2.61) 1.00 0.50
(0.00;6.00) (0.73; 2.06) (0.00:8.00) (0.99; 2.94)
3 wk 0.938 (1.22) 0.0 1.0 (1.61) 0.0 0.67
(0.00;4.00) (0.50; 1.38) (0.00;6.00) (0.04; 1.60)
12 wk 1.38 (2.23) 0.00 1.17 (2.04) 0.00 0.54
(0.00;8.00) (0.53; 2.23) (0.00;7.00) (0.40; 1.95)
Radiating pain
9d 0.61 (1.66) 0.0 0.5 (1.57) 0.0 0.95
(0.00;7.00) (0.02; 1.19) (0.00:8.00) (0.0; 1.09)
3 wk 0.56 (1.39) 0.0 0.43 (1.36) 0.0 0.39
(0.00;5.00) (0.06; 1.06) (0.00;5.00) (0.0; 0.94)
12 wk 0.76 (1.86) 0.0 0.76 (1.8) 0.0 0.77
(0.00;6.00) (0.05; 1.47) (0.00;7.00) (0.04; 1.48)
Presence of headache
9d 0.42 (1.39) 0.0 1.30 (2.39) 0.00 0.077
(0.00;7.00) (0.0; 0.92) (0.00;8.00) (0.41; 2.19)
3 wk 0.375 (1.476) 0.0 0.30 (1.32) 0.0 0.96
(0.00;6.00) (0.0; 0.91) (0.00;7.00) (0.0; 0.79)
12 wk 0.79 (2.1) 0.0 0.24 (0.83) 0.0 0.59
(0.00;8.00) (0.00; 1.59) (0.00;4.00) (0.08; 0.56)
Skin sagging at 12 wk
Quadrant 1 4 (13.8%) 4 (14.3%) 1.00
Quadrant 2 7 (24.1%) 19 (67.9%) 0.0020
Quadrant 3 1 (3.4%) 1 (3.6%) 1.00
Quadrant 4 1 (3.4%) 2 (7.1%) 0.97
Any quadrant 8 (27.6%) 20 (71.4%) 0.0020
Cosmetic results”
Observer scorings
Natural skin position 2.72 (1.10) (2.31; 3.14) 3.48 (1.38) (2.96; 4.01) 0.025
Extent of baldness 2.24 (0.79) (1.94; 2.54) 3.62 (1.35) (3.11; 4.13) <0.0001

(Continued on next page)
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TABLE 2 (Continued)

Secondary Outcomes MIPS (n=33) Linear Incision (n=30) P Value
Scarring 2.41 (0.95) (2.05; 2.77) 4.48 (1.79) (3.80; 5.16) <0.0001
Skin colour 3.17 (1.23) (2.71; 3.64) 3.86 (1.27) (3.38; 4.35) 0.020
Indentation 2.34 (1.01) (1.96; 2.73) 4.00 (1.63) (3.38; 4.62 <0.0001
Overall cosmetic score 8.45 (0.74) (8.17; 8.73) 7.17 (1.20) (6.72; 7.63) <0.0001

Subject scorings
Without processor (BAHS) 8.42 (1.47) (7.83; 9.02) 8.61 (1.29) (8.11; 9.11) 0.75
With processor attached 7.41 (2.58) (6.39; 8.43) 7.89 (1.83) (7.18; 8.60) 0.73

Tertiary Outcome MIPS (n=29) Linear Incision (n=29)

Pocket size (normal position) (mm) 0.207 (0.292) (0.096; 0.318) 0.172 (0.251) (0.077; 0.268) NP

Pocket size (maximum) (mm) 0.672 (0.418) (0.513; 0.831) 0.698 (0.440) (0.531; 0.866) NP

Sound processor usage (h per wk) 70.5 (37.2) (56.3; 84.6) 90.3 (25.5) (80.3; 100.4) NP

Categorical variables: n (%). Continuous variables: mean (SD) (95% CI).

“Mean (SD), median (min; max) (95% CI of the mean).

Cosmetic rating: observer outcomes (not including overall cosmetic score): 1-10. 1 being no difference with the healthy contralateral site,
with 10 being the most negative difference with the healthy situation. Overall cosmetic and subject scorings: 1—10: 10 being the best cosmetic

result and 1 being the most negative cosmetic result.

NP indicates not planned; MIPS, minimally invasive ponto surgery; BAHS, bone-anchored hearing systems.

Sensibility and Pain

Loss of sensibility was significantly less in the test
group compared with the control group on all follow-up
visits (Table 2, Fig. 3B). At 9 days, the mean loss of
sensibility was 2.70mm (SD=6.13) and 13.5mm
(SD=21.0) for the test and control group respectively
(p=0.005, Table 2, Fig. 3B). At 12 weeks, the maximum
area affected was 2 mm in the test group and 60 mm in the
control group. No significant differences in pain scores
for pain around the BAHS, radiating pain or headache
related to the BAHS were observed (Table 2).

Cosmetic Results

Natural skin position, extent of baldness, scarring, skin
color, and indentation, as well as overall observer scores,
were all significantly better in the test group compared
with the control group (Table 2, Fig. 3C). Subject satis-
faction scores relating to cosmetic results, with or with-
out the processor attached, did not differ significantly
between groups.

Implant Loss
During the 12-week follow-up period, four implants in
the test group were extruded (12.1%) compared with one
in the control group (3.3%) (Fig. 4A). Implant loss
occurred between 25 days and 90 days postsurgery. A
nonsignificant p value of 0.19 was found using the log-
rank test (hazard ratio =3.89, 95% CI=0.4; 34.8).

Implant Stability Quotient

ISQ high and low on standard visits are presented in
Figure 4B. Both ISQ high and ISQ low were significantly
influenced by the surgical treatment (p=0.014,
p=0.007) and abutment length (p <0.001, p <0.001).
In overall terms, ISQ high was influenced by time
(p <0.002), but ISQ low was not (p =0.38). The model
is presented in S4 (see http://links.Ilww.com/MAO/
A634). In the test group, ISQ high was 2.35 points
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(95% CI=-4.21, —0.49) lower and ISQ low was 2.7
points lower (95% CI=—4.65, —0.76) compared with
the control group. No obvious association was observed
between the initial ISQ and implant loss (S6, see http:/
links.lww.com/MAO/A634).

Serious Adverse Events, Adverse Events, and Device
Complaints

Serious adverse events, adverse events, device com-
plaints, and device deficiencies are presented in the
supplementary data (S5, see http://links.lww.com/
MAO/A634). Common and expected complications
related to BAHS were observed in both groups.
Thirty-one subjects (91.4%) in the test group and 25
subjects (83.3%) in the control group had at least one
reported AE, with a total of 168 AEs.

DISCUSSION

Principal Findings

This randomized, controlled, clinical trial compared
the outcomes between surgery and the 12 week follow-up
of two surgical procedures for the installation of BAHS: a
new minimally invasive surgical technique (test) and the
linear incision technique with soft-tissue preservation
(control). No significant differences in the incidence of
inflammation (Holgers > 2) were found between proce-
dures. However, MIPS surgery resulted in a significantly
better outcome in terms of sensibility, surgical time, time
spent in the operating theater, and cosmetic results. In
addition, significantly less skin sagging and a tendency
toward less dehiscence were observed in the test group.
The test group exhibited significantly lower ISQ values
and the extrusion rate was nonsignificantly higher.

Surgery
Few intraoperative events or adverse events were
observed, with no clear differences between surgical
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FIG. 3. Primary outcome, loss of skin sensibility, and cosmetic aspects. A, Stacked bar chart for the Holgers Index scores on standard
follow-up visits and the highest observed Holgers Index score. B, Box plots of loss of skin sensibility per treatment group on standard follow-
up visits. C, Cosmetic outcomes at 12 weeks per treatment group. Cosmetic outcome specifics are described in Table 2.

techniques, thereby underscoring the reliability of both
the linear incision technique and the punch-only
approach. The minimally invasive nature of the MIPS
procedure, the reduced surgical time, together with an
efficient drilling sequence, make it a suitable technique to
be performed under local anesthesia. Several surgeons

have indicated that MIPS seems deceptively easy and that
there is a learning curve (19). Similar experiences were
observed in dental surgery when the flapless placement
of dental implant systems was introduced. There is a need
for appropriate training, as there seems to be a learning
curve to achieve treatment success (22,23).
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FIG. 4. Extrusion rate and 1SQ values. A, Kaplan—Meier survival plot for bone conduction hearing implants displayed per surgical
technique. B, Boxplots of ISQ measurements at surgery and on standard follow-up visits. ISQ measurements are displayed for ISQ low and
ISQ high per abutment length and surgical technique. ISQ indicates implant stability quotient.

Soft-tissue Outcomes

Although no difference in the incidence of inflamma-
tion was observed between groups, on the 3-week follow-
up visit, more mild skin reactions (Holgers=1) were
observed in the test group. In addition, for both techni-
ques, a slight dehiscence with nonepithelialized skin was
often observed at 9 days and it had typically disappeared
by 3 weeks. It is possible that the observed mild skin
reaction at 3 weeks in the MIPS group reflects a differ-
ence in the temporal course of the healing process
compared with the linear incision technique where, in
contrast to MIPS, a flap is raised. Moreover, we think that
skin sagging could be influenced by the surgical manip-
ulation of the skin and positioning during surgery. The
fact that skin sagging was less prevalent using the MIPS
technique corroborates this hypothesis. Despite these

Otology & Neurotology, Vol. 39, No. 7, 2018

differences in soft-tissue outcomes, wound healing was
comparable between techniques in the first 3 months. The
long-term data for these patients will be published when
available. To acquire a greater understanding of the
mechanisms underpinning healing and soft-tissue reac-
tions, additional tools such as quantitative polymerase
chain reaction and microbiota were applied in this study
and will supplement the findings reported here. It is to be
hoped that this will enable an understanding of the
temporal course of the tissue response.

Other Outcomes
The presence and the extent of loss of sensibility and
cosmetic appearance have historically been an under-
reported adverse patient outcome after BAHS implanta-
tion using the tissue reduction technique. Recent studies
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with a tissue preservation approach have shown improve-
ments (9,10). In this study, numbness was even less
prevalent after MIPS surgery compared with a linear
incision approach. As a result, this could now be regarded
as irrelevant in relation to MIPS. Cosmetic scoring results
with the processor mounted on the BAHS were lower
compared with the results without a mounted processor.
As demonstrated in our results, it could be advantageous
to use a scoring system that includes cosmetic results
with and without the processor.

Adverse Events

In this study, we meticulously gathered possible AEs
and this is the most likely explanation for the relatively
large number of observed AEs. In overall terms, we
found no clear differences in AEs between techniques.
Difficulty sleeping on the implant side of the head was
frequently spontaneously mentioned. This has previ-
ously never been described. To facilitate skin preser-
vation techniques, abutment lengths have increased.
The abutment Inadvertently sticks out further from the
skull, which may explain this complaint. The severity
of this complaint needs to be evaluated before it can be
compared or put in context with other complaints such
as pain, loss of skin sensibility, or inflammation.

ISQ

The mixed model revealed an association between the
ISQ and abutment length, as well as the time after
surgery. This is in line with previous findings (9,24—
26). Interestingly, the ISQ was significantly influenced
by the surgical technique. Both ISQ high and low were
approximately 2.5 points lower in the test group com-
pared with the control group. In comparison, abutment
length influenced ISQ values by 6 to 12 points. Associ-
ations between the ISQ and surgical technique have
previously not been reported for BAHS, although an
effect of this kind has been reported for dental implants
(27). Compared with the effect the abutment length has
on ISQ values, the difference in the ISQ between the test
and control group is small and the clinical relevance is
probably insignificant. Furthermore, we found no rela-
tionship between the primary ISQ values and the extru-
sion rate (S6, see http:/links.lww.com/MAO/A634).

Extrusion

Studies published in recent years report high implant
survival rates, even when using punch-only techniques,
with loss rates between 0 and 5.8% being reported
(9,15,17,25). We observed a survival rate of 88% for
MIPS. During the last few decades, BAHS surgical tools
have undergone only minor adjustments. For MIPS, a
new drilling protocol with guided drilling via the cannula
was developed to facilitate a flapless approach. These
drills are more efficient and require less manual pressure,
resulting in different tactile feedback to the surgeon
compared with the classical systems (28). Several
explanations have been postulated throughout the intro-
duction of flapless approaches for dental implants and

they could also be applicable to MIPS (29,30). Dimin-
ished visibility may lead to an angulated drilling/implant
placement or incomplete insertion. Reduced access for
external irrigation may lead to thermal damage (31,32).
An in-vitro study comparing heat generation for flap and
flapless drilling showed that the temperature was slightly
higher for the flapless procedure in dental implants (33).
Extrusion is a concern associated with MIPS and a
possible association with cooling and implant positioning
requires further study. Training, following instructions
and caution all seem to be relevant factors for success.

Strengths and Limitations

One of the main strengths of this study is the multi-
center, randomized, controlled design, with a large sam-
ple size of 63 subjects. In this study, we re-evaluated
outcome measurements to increase reliability. In addi-
tion, adverse events were gathered in conjunction with
regular follow-up visits and extraconsultations. We think
that the setup of this study allows for a better estimation
of complications such as inflammation due to the strin-
gency applied to calculate and use a cumulative percent-
age of all visits, including extra visits. To allow for a
correct comparison, no differences in implant type were
allowed. Several limitations are relevant to this study.
Healing, dehiscence, and the Holgers Index possibly
influence each other, warranting some caution when
interpreting the observed soft-tissue outcomes. A stan-
dardized, well-defined outcome measurement set would
improve BAHS-related outcomes. The recently estab-
lished AuroNet could aid in the creation of a standardized
outcome set of this kind (34). Although all the surgeons
were trained before the first MIPS surgery in the trial,
experience between techniques differed. As this tech-
nique and instruments are different, a learning curve
effect could also play a role. In our study population,
due to chance all subjects were of Caucasian origin,
limiting the general applicability of this data to a more
mixed ethnic situation. Scar formation and BAHS-related
skin complications have been shown to be affected by
ethnicity (35). The previously observed higher rate of
complications in African Americans (35) might even
benefit more from improved outcomes.

Perspective

Encouraging outcomes, particularly patient-centered
outcomes such as sensibility loss and cosmetic appear-
ance, were observed for MIPS compared with the linear
incision with soft-tissue preservation. Despite the fact
that a nonsignificant statistical difference was found,
extrusion remains a concern related to MIPS. Although
reduced cooling might be an aggravating factor, an
assumption like this requires careful evaluation and
follow-up.

Longer term 22-month follow-up results from this
study are expected to become available in the second
half of 2018. Therein, data will be provided on the
incidence of soft tissue inflammation, long-term proces-
sor usage, and changes in quality of life over time within
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subjects. At this point in time, a well-founded recom-
mendation on surgical technique can hopefully be made.

As presented in our results, the relationship between
the ISQ and extrusion is not straightforward, warranting
further clinical data on an association, or lack thereof,
between the ISQ and biomechanical stability. Both the
inter- and intrarater reliability of the Holgers Index and
biological validity would benefit from further study. As
part of this clinical study, samples were taken for bacteria
and tissue status to further investigate a subset of research
questions (20). These data will hopefully shed further
light on the correlations (or lack thereof) between clinical
parameters, the Holgers index, the ISQ, and the biologi-
cal tissue responses.

CONCLUSION AND RECOMMENDATION

No significant differences between MIPS and the
linear incision technique were observed in terms of skin
inflammation in the first 3 months. MIPS results in a
statistically significant reduction in the loss of skin
sensibility, less skin sagging, improved cosmetic results,
and reduced surgical time. Although nonsignificant, the
implant extrusion rate warrants further research.
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