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Case Report
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Bony abnormalities, including sphenoid dysplasia and calvarial defects, are well recognized in patients with neurofibromatosis type 1. However, 
having multiple calvarial defects is rare. We present a case of a 35-year-old Japanese male patient who was referred to our hospital because of 
hearing loss. He was diagnosed with neurofibromatosis type 1 during early childhood. Otoscopic examination revealed a protrusion from the 
anterior wall of the external auditory canal that obstructed the external auditory canal. Computed tomography findings revealed multiple defects 
and an uneven skull surface. Large bony defects of the anterior wall of the external auditory canal were also identified bilaterally. Conductive 
hearing loss was caused by temporomandibular joint herniation that was obstructing the external auditory canal in both ears. An active middle 
ear implant was implanted in the right ear. A floating mass transducer was placed into the round window niche using a round window coupler. 
The active middle ear implant improved postoperative audiometric thresholds to approximately 35 dB across all frequencies. No complications 
occurred for up to 30 months after the operation. An active middle ear implant is a feasible and valuable option for patients with neurofibroma-
tosis type 1 and conductive hearing loss due to multiple skull defects that result in temporomandibular joint herniation.
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INTRODUCTION
Neurofibromatosis type 1 (NF1) is a progressive autosomal dominant disorder mainly characterized by café-au-lait macules, neuro-
fibromas, axillary freckling, optic gliomas, Lisch nodules, and skeletal dysplasia.1 Bony abnormalities, including scoliosis, sphenoid 
wing dysplasia, long-bone dysplasia, and osteoporosis, are well recognized in patients with NF1.1 Sphenoid dysplasia is a com-
mon manifestation of calvarial defects,2 but multiple calvarial defects are rare.2-4 Temporomandibular joint (TMJ) herniation can 
be caused by defects in the anterior bony wall of the external auditory canal (EAC) and can result in clicking tinnitus, otorrhea, or 
conductive hearing loss.5

In this study, we present the surgical feasibility and clinical results of an NF1 patient with multiple calvarial defects and bilateral TMJ 
herniation who underwent an active middle ear implant (AMEI).

CASE PRESENTATION
A 35-year-old Japanese male patient was referred to our hospital because of hearing loss. He was diagnosed with NF1 during early 
childhood because he presented with café-au-lait spots, cutaneous neurofibroma, axillary freckling, and bony dysplasia. Otoscopic 
examination revealed a diffuse protrusion from the anterior wall of the EAC, which completely obstructed the EAC in both ears 
when the mouth was closed (Figure 1a and 1b). The obstruction was minimized when the mouth was fully opened with the retrac-
tion of the herniated TMJ anteriorly (Figure 1c and 1d). Preoperative pure-tone audiometry findings revealed a conductive hear-
ing loss in both ears (Figure 2a and 2b). The hearing level fluctuated during mouth opening and closing movements (Figure 2a 
and 2b). The maximum Japanese monosyllable discrimination scores were 80% and 90% in the right and left ears (both 100 dB), 
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respectively (Figure 2c). High-resolution computed tomography (CT) 
scans showed multiple defects and an uneven skull surface (Figure 
3A). A bony defect in the anterior wall of the EAC was identified, and 
the EAC in both ears had a soft-tissue lesion (Figure 4). Conductive 
hearing loss might have been caused by TMJ herniation due to the 
bony defect in the anterior wall of the EAC, leading to complete 
obstruction in the EAC of both ears. The patient could not use con-
ventional hearing aids because of simultaneous ear canal wall and 
jaw movements. Magnetic resonance imaging findings revealed 
mild enlargement of the cisterna magna. The patient presented no 

neurological symptoms; therefore, treatment for the mild enlarge-
ment of the cisterna magna was deemed unnecessary. The patient 
also had no history of vertigo according to his self-reports.

An AMEI (Vibrant Soundbridge VORP 503; Med-El, Innsbruck, 
Austria) was implanted in the right ear because the patient noted 
that his hearing was better in the left ear than in the right ear. 
Moreover, there was a possibility that the audio processor could not 
be fixed on the skin using magnets because the neurofibroma had 
caused thickening of the skin behind the left ear. Because poor devel-
opment of the mastoid cavity and narrow facial recess did not allow 
the standard round window approach via posterior tympanotomy 
(Figure 5A), the posterior bony canal wall was dissected to place the 
floating mass transducer on the round window membrane using a 
round window coupler (Figure 5B). An implant bed was created on 
the skull surface, and self-drilling screws were used to fix the implant. 
The posterior canal wall was reconstructed using conchal cartilage 
(Figure 5C) to prevent cable extrusion from the mastoid cavity. The 
cartilage was placed in the same position as the posterior canal wall 
to allow for cleaning of the ear canal after surgery. The AMEI audio 
processor (SAMBA; Med-El) was fitted 2 months after AMEI implan-
tation. Postoperative audiometric thresholds improved to approxi-
mately 35 dB across all frequencies (Figure 2A). The patient enjoyed 
stable hearing improvements and sound quality with the AMEI, 
which were confirmed using audiological methods (Figure 2A-C). No 
complications occurred for up to 30 months after the operation.

DISCUSSION
Skeletal dysplasia has been reported in approximately 50% of 
patients with NF1.3 The most common skeletal dysplasias are sco-
liosis, the absence of the greater sphenoid wing, tibial pseudarthro-
sis, short stature, spinal meningocele, and macrocephaly.2 Multiple 
calvarial defects in patients with NF1 are rare.2-4 An anterior bony 
defect of the EAC with multiple calvarial defects has not been pre-
viously reported in patients with NF1. The anterior bony defect of 
the EAC led to TMJ herniation in our patient. Temporomandibular 
joint herniation can occur in various conditions such as necrotizing 
external otitis, temporal bone trauma, rheumatoid arthritis of the 

Figure 1. a-d. Preoperative otoscopic examination. Otoscopic examination in 
the (a) right and (b) left ear canals with the mouth closed. A diffuse protrusion 
of the anterior canal wall (black arrow) obstructs the canal completely. While 
the mouth is open, the anterior wall retracts anteriorly (black arrowhead) and 
the tympanic membrane (*) becomes visible in the (c) right and (d) left ears.

Figure 2. a-c. Preoperative and postoperative pure-tone and speech audiograms. The preoperative pure-tone audiograms of the (a) right and (b) left ears. 
(a) The filled circles and triangles indicate hearing when opening the mouth and postoperative air conduction aided by the AMEI, respectively. (c) The unaided 
preoperative speech audiograms of both ears are also presented. (b) The black squares indicate the hearing level during mouth opening. (c) The black triangles 
indicate the postoperative speech audiogram aided with AMEI. Uncolored circles, right ear; X, left ear; AMEI, active middle ear implant.
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TMJ, and otologic surgery.6 Our patient had no history of diseases 
that could cause TMJ herniation without NF1. Moreover, TMJ her-
niation in our patient obstructed the EAC, leading to conductive 
hearing loss in both ears.

Neurofibromatosis type 1 rarely causes conductive hearing loss when 
the neurofibroma invades the ear canal.7,8 Conductive hearing loss 
caused by an anterior bony defect of the EAC with TMJ herniation 
has not been previously reported in patients with NF1. The treatment 
possibilities for our patient included surgical EAC reconstruction, 
adaptation of hearing aids by bone conduction, or implantable hear-
ing aid adaptation.

The 2 most common approaches to correct TMJ herniations are 
the transcanal approach, based on the anterior wall exposure 

of the tympanic bone, and the preauricular approach, based on 
TMJ exposure.9 In both approaches, a graft is needed to obliter-
ate the defect in the anterior canal wall. Surgical reconstruction 
of the anterior bony EAC using cartilage, polyethylene, and tita-
nium meshes as graft materials have been described as treatment 
options for TMJ herniations.10 Autologous grafts such as tragal carti-
lage may undergo a degree of resorption, which may lead to recur-
rence, whereas synthetic materials present a risk of suppuration  
and extraction.10

The materials for the anterior canal wall reconstruction were 
placed between the anterior canal bone and TMJ capsule.11 The 
inserted material was supported by the remaining anterior canal 
wall. The conventional reconstruction method was inappli-
cable in our patient because the overall anterior canal wall had 

Figure 3. a,b. High-resolution computed tomography image of the skull. (a) Multiple calvarial defects with uneven skull surface can be identified in the axial 
computed tomography image of the skull. (b) Axial computed tomography findings of the right ear. White arrow indicates a doughnut-shaped radiation 
impermeable marker at the assumed implant sight of the bone-anchored hearing aid. White arrowhead indicates the bone defect of the skull. The assumed 
implant site of the bone-anchored hearing aid was near the bone defect of the skull with skull irregularities.

Figure 4. a-d. Computed tomography images of the external auditory canal. (a and b) Axial and (c and d) coronal computed tomography images of the external 
auditory canal in the (a and c) right and (b and d) left ears. The computed tomography images show the entire bony defects of the anterior external auditory 
canal wall, leading to external auditory canal obstruction with the soft tissue (white arrow), which is caused by temporomandibular joint herniation in both ears.
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disappeared, and no supporting structure to insert the material 
for reconstruction was found (Figure 3).

The conventional hearing aid was not useful in our patient because 
the fluctuating hearing level led to an unstable effect on the hear-
ing aid. Bone conduction hearing aids were considered an option 
for treating conductive hearing loss in our patient. However, the 
devices were not accepted by our patient because of the pressure 
on the head, sweating, and cosmetic stigma. The bone-anchored 
hearing aid (BAHA; Cochlear Ltd, Sydney, Australia) is mainly used in 
cases of conductive and mixed hearing loss when conventional hear-
ing aids do not provide sufficient access to sound or are contraindi-
cated because of anatomical or chronic middle ear conditions. The 
BAHA was not a feasible option for our patient because CT findings 
showed an uneven skull surface with irregular thickness and multiple 
calvarial defects (Figure 3A). A temporal bone CT examination was 
performed with a radiation impermeable marker at the implant site 
before surgery. CT revealed that the assumed implant site was near 
the bone defect of the skull with skull irregularities (Figure 3B). Bony 
dysplasia is a contraindication for BAHA regarding implant stability 
with osseointegration. In addition, a BAHA was not accepted by our 
patient because of cosmetic stigma.

An AMEI is a partially implantable hearing system for patients with 
conductive and mixed hearing loss. It is implanted in the middle 
ear and mechanically vibrates the inner or middle ear structures. 
Active middle ear implants have been used successfully in patients 
with conductive or mixed hearing loss due to EAC obstruction (i.e., 
aural atresia). An AMEI was implanted in our patient that avoided 
the site of the calvarial defect. Because of the poor development 
of the mastoid cavity and narrow facial recess, the posterior canal 
wall was dissected to visualize the round window. Cable exposure 
is the most common cause of revision surgery, occurring in 24%-
33% of cases of AMEI implantation after open cavity surgery.12,13 The 
cartilage sheet placement over the exposed cable area was effec-
tive in preventing cable extrusion.13 The blind sac closure of the 
canal was not performed to preserve the future option of using a 
hearing aid. No cable extrusion or other issues were observed in 
our patient after canal reconstruction using cartilage during the 
30-month follow-up period. The 2 AMEI magnets caused scanning 
artifacts that consisted of 2 artifact centers. The cerebral hemi-
sphere of the implant side could not be assessed because of the 
blackening and distortion in MRI caused by the AMEI.14,15 A cranial 
CT examination was performed instead of MRI where needed. The 
AMEI demonstrated a stable effect regardless of the conditions of 
the patient’s mouth, and he was impressed by the improvement  
in sound quality.

CONCLUSION
Active middle ear implant implantation is a feasible and valuable 
option for patients with NF1 who have multiple skull defects and  
TMJ herniation.
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