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Abstract

Soft tissue healing around implants may turn out to be the most decisive factor in the success or failure
of the prosthesis. Dimension, configuration, and material of the healing abutments play a pivotal role
in achieving optimal soft tissue architecture around implants. Digital imaging with computer-aided
designing and computer-aided machining (CAD-CAM) technology, has made it easier to illustrate,
design, replicate maxillofacial structures, and generate its supporting elements in a reliable, faster,
and more convenient manner. This case report highlights the issue relevant to the implant-supported
prosthetic replacement, on a site previously attempted for surgical reconstruction of the missing ear.
Presurgical DICOM data were used to obtain custom CAD-CAM polyetheretherketone (PEEK) healing
abutments on implants in a patient with an excessive amount of tissue in the missing right ear region.
It is probably the first extraoral use of PEEK as a healing abutment in the workflow of implant retained
maxillofacial prosthetics. No issue warranting the removal of the PEEK component was observed during
the duration of its use.
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INTRODUCTION

Complete or partial loss of any facial structure induces
a negative impact on the patient’s psychological and
social well-being.!"l The etiology can range from
congenital malformations as seen in syndromes such as
otofacial/craniofacial dysostosis, or nonsyndromic, or
acquired causes which include burns, road traffic accidents,

Access this article online

Quick Response Code:

Website:

WWW.j-ips.org

DOI:
10.4103/jips.jips_62_20

animal bite, cancer, frostbite.”) Replacing a missing
ear can be attained either by surgical reconstruction,
adhesive/mechanically retained prosthesis, or a combination
thereof. The procedure of surgical reconstruction of
external ear presents many limitations owing to unavailability
or inadequate flexibility of chondral cartilage, compromised
blood supply to the region, existence of rudimentary
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tissue, and variability in results with the manipulation of
auto/allografts.”! Prosthodontic replacement offers more
desirable results in terms of form, symmetry, orientation,
and esthetic color matching. Traditionally, such prosthesis
could be retained either by a spectacle, an adhesive or by
engaging anatomical undercuts.> Presently, craniofacial
implants have been the most advocated approach for
retention of an auricular prosthesis, with a high success
rate of 92% in the mastoid region.>”

Healing abutments are utilized to maintain the patency
of passage to the implant chamber through the overlying
soft tissues and create suitable contours and emergence
of the tissue bed for impression making. The use
of a stock or custom, titanium alloy healing collars
after the implant exposure surgery has been a norm.
Polyetheretherketone (PEEK) has now been playing
a pivotal role as a suitable substitute for titanium in
orthopedics, traumatology, and dental implantology since
the early 1990s. It is a contemporary biomaterial with a wide
range of applications in the medical and engineering field
since the year 1978. It has gained popularity because of
its excellent biocompatibility and favorable mechanical and
chemical properties, like low water absorption, flexibility,
thermal stability, and chemical inertness.!

This article presents a case report of a patient with missing
right ear treated with two dental implants in the mastoid
region with customized computer-aided designing and
computer-aided machining (CAD-CAM) generated PEEK
healing abutments to overcome the challenge posed by
excessive soft tissue thickness.

CASE REPORT

A 31-year-old male patient was referred from the
department of plastic surgery for the fabrication of an
auricular prosthesis for his missing right side ear. The
ear was lost as a consequence of a road traffic accident
a few years ago. The patient was initially attempted for
surgical reconstructing of the artificial ear using cartilage
and alloplastic graft materials. As the reconstruction did
not provide pleasing esthetics, it was later removed, and
the patient was referred for prosthetic replacement of the
missing ear. After due examination and obtaining patient’s
informed consent, two implants’ supported custom
silicone auricular prosthesis was agreed upon as the best
treatment modality for the patient. Presurgical cone-beam
computed tomography (CBCT) scans were made with a
radiographic stent with radio-opaque markers in different
probable implant positions. The scans were used to assess
the proximity of dura, sigmoid sinuses, and any other

limiting anatomical structure from the planned implant
positions. The same radiographic stent was modified
and converted into a surgical stent to conform to the
planned implant sites. Two dental implants were placed
at sites 11:30 and 9:30 o’clock positions at approximately
20 mm distance from the center of the external auditory

I ' Thinning out of the basal tissue bed was also

meatus.
carried out in the same surgical appointment taking into
consideration the presence of residual graft material
from the previous reconstruction procedure lying in the
tissue bed. The implants were left to heal for 3 months.
Despite the attempted thinning of the tissue bed, fresh
CBCT scans revealed the tissue thickness from the top of
the implant surface to the external skin surface to be in
the range of 7-11 mm over both the implants at various
sites [Figure 1]. Only custom made healing abutment
of a height higher than 11 mm could prove useful in
maintaining the patency of the passage from the external
skin surface to the implant chamber and prevent tissues
from sagging in as they heal postsurgical exposure. In
this scenario, where uncertainty prevailed with regards
to obtaining precise custom healing abutments to suit
the clinical requirements, CBCT DICOM (.dcm) files
were converted into standard tessellation language using
a software (Mimics Innovation Suite 17, Materialise,
Technologielaan, Leuven, Belgium). 12 mm long healing
abutments were designed using CAD [Figures 2 and 3] and
were then milled (CAM) in PEEK material. The healing
abutments were sterilized, and readied for connection to the
fixture well before the patient was scheduled for the second
stage implant exposure [Figures 4 and 5]. No adverse
reaction like purulent discharge, severe pain, swelling,
or any other sign of periimplantitis was encountered
during the entire follow-up period of 4 weeks with PEEK
abutments [Figure 6]. The patient was taken up in the

Figure 1: Cone-beam computed tomography image showing the
thickness of overlying skin at implant level on the transverse plane
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Figure 2: Digital model of the patient’s face constructed from cone-beam
computed tomography DICOM data (implants marked in red)
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Figure 4: Custom polyetheretherketone healing abutments indicating
their length and diameter

conventional manner of impressions and technique to
fabricate a titanium bar framework to support a silicone
auricular prosthesis over the implants [Figures 7-9].

DISCUSSION

The merits of using skeletal anchorage utilizing
osseointegrated implants include better retention,
comfort, esthetics (because of possibly achieving
thin merging edges), and an increase in the overall
serviceability of prosthesis by eliminating the use of
tissue adhesives and the associated wear and tear with
their daily application and removal.”>" In the conventional
workflow, second stage surgery is performed to connect
the osseointegrated implants and healing abutments. The
surrounding tissues are left to heal so that they adapt
around the lateral walls of healing abutments and provide
the desired contours as they heal. Healing abutments also
maintain the passage to implant chamber from external
tissue surface as they prevent tissue sag inwards, leading

Figure 3: Computer-aided design of the custom healing abutments
on reconstructed facial model (healing abutments marked in cyan)

Figure 5: Polyetheretherketone healing abutments in situ emerging
through the skin

to re-closure. In routine practice, stock healing abutments
made of materials like titanium, zirconia, and more
recently PEEK are readily available and widely used in
dentistry. Healing abutments can also be custom made
into any desired shape or dimensions as per the clinical
needs.

Fabrication of customized PEEK components using
the CAD-CAM technique has a myriad of possibilities
regarding their usability in the maxillofacial region. The
abutments could be fabricated in the lab over scan bodies
using digital DICOM files from CBCT, without any need
for impression making.” The utilized digital workflow
was faster and convenient. This also allows the operator
to be better prepared as the custom abutments can be
sterilized and readied even before the implant exposure is
performed. PEEK is already serving as an alternative to
titanium alloys in the field of orthopedics and traumatology
due to its biocompatibility, resistance to chemical and
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Figure 6: Passage to the implants created upon removal of the
polyetheretherketone healing abutments
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Figure 8: Preprosthetic frontal view of the patient

thermal changes, low water absorption, nontoxicity, and a
modulus of elasticity comparable to bone.™!"! In the field
of dentistry, its use as partial denture frameworks, short
interim span fixed dental prostheses, and as stock/custom
fabricated temporary abutments (up to 180 days) is well
established.! As per studies, the fracture resistance of some
CAD-CAM milled PEEK frameworks is even superior to
other materials used for framework fabrication, like lithium
disilicate, ot zitconia.l'! Some of the advantages that newer
PEEK materials have to offer over materials like zirconia or
titanium includes low inflammatory response generation at
the site over time, minimal scattering of rays in irradiated
region, and low affinity to biofilm adhesion.!'>" A longer
service life due to wear resistance and easy processing and
manufacturing of PEEK by methods such as injection
molding, computer-assisted milling, and most recently
through three-dimensional (3D) additive manufacturing
has broadened prospects of its use in the field of
prosthodontics.

Figure 7: A bar and clip retained room temperature vulcanizing silicone
prosthesis
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Figure 9: An acceptable three-dimensional orientation of the prosthetic
ear leading to an evident change in the appearance of the patient

"

A higher cost involved in the entire workflow described
is a limitation with respect to utilizing the process in
routine clinical work. The ease and availability of additive
manufacturing technology and compatible materials should
bring the cost of fabrication down with time. The scope
of further improving colour match at the margins of
the prosthesis by external staining was limited due to the
imposed lockdown in the ongoing Covid 19 pandemic.
Another limitation regarding the use of DICOM data in
generating 3D printed frameworks is the presence of noise
in the obtained scans, which may affect the clinical image,
and ultimately the accuracy of the printed product. The
noise is dependent upon the quality of scans and can be
reduced during the acquisition of the data and utilizing the
available postprocessing techniques.

The thickness of each slice of the CBCT scans we utilized
was 0.3 mm, and 600 slices were obtained for the region
of interest. Such data are satisfactory to obtain a good 3D
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model. The data obtained had less noise by default, which
was further reduced by manually adjusting the threshold
values without affecting the pixel values of the soft tissues.

Constant research is underway to increase the
biocompatibility, osseointegration, and antimicrobial
capabilities of this polymer with the help of nanosurface
coatings such as TiO,, hydroxyapatite, Ag-HA, and
fluorohydroxyapatite.!'"*'*!

As per the authors’ best knowledge, the use of PEEK
material as a component in extraoral maxillofacial
prosthesis has not been presented in the literature to date.
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