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KEY POINTS

e Nasal defects can result from surgical tumor removal, trauma, or congenital conditions.

e A nasal prosthesis can be used alone or in conjunction with surgical reconstruction and can serve
as an interim or definitive treatment. Nasal prostheses function by restoring form to the external
nose, protecting exposed mucosa and sensitive tissue, supporting eyeglasses, and normalizing
breathing and speech patterns. They improve patient esthetics, psychosocial well-being, and qual-
ity of life. Nasal prostheses require multidisciplinary care.

e Successful surgical reconstruction is dependent on patient factors like smoking and systemic
health, along with the experience and skill of the surgeon. If surgical reconstruction is unlikely to
provide a good esthetic and functional outcome, a prosthesis is recommended.

e Intentional surgical techniques and proper preparation of the defect can greatly influence the suc-
cess of the nasal prosthetic rehabilitation. This may include removal of healthy hard and soft tis-
sues. Collaboration between surgeons, maxillofacial prosthodontists and anaplastologists is the
key.

e Creating realistic expectations with thorough patient education is critical for successful nasal pros-
thetic treatment.

INTRODUCTION facial defects can also impede speech, mastica-
tion, and oral function.?

Nasal anatomy is a complex and delicate
arrangement of layers of skin, cartilage, bone
and mucosa.*® Nasal defects can involve both
intraoral and extraoral tissue, and the success of
a total nasal surgical reconstruction is dependent
upon the anatomic deficits, the health of the pa-
tient, and the skill of the surgeon. Surgical recon-
struction is extremely complex with regard to
anatomy, esthetics, and functional breathing,*®
and is not always the best option for restoring op-
timum esthetics and patient function.”

Nasal prostheses can restore esthetics and
reproduce normal contours of the external nose,
which functions in many ways for patients.”27 A
nasal prosthesis protects exposed mucosa and

The nose is a prominent central landmark on the
face. Individuals seeking prosthetic nasal recon-
struction may be missing nasal anatomy due to a
traumatic injury, congenital malformation, or com-
plications from an infection, but the most common
cause of rhinectomy is tumor resection.”? Head
and neck cancer is the 7th most common cancer
worldwide, with the majority of cases being squa-
mous cell carcinomas. Head and neck cancer
claims approximately 325,000 lives annually; the
incidence is expected to increase.® Those who
live with the aftermath of head and neck cancer
can be left with extremely disfiguring defects that
affect quality of life and the ability to work and so-
cialize with friends and family. These devastating
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sensitive tissue, supports eyeglasses and face-
masks, normalizes breathing by directing airflow
through nostrils and away from the patient’s eyes
and eyeglasses, and in some cases normalizes
speech. There are several methods of retaining a
nasal prosthesis. The best retention method
must be determined for each patient based on
their anatomy, systemic health, lifestyle, and treat-
ment goals. Creating a surgical defect that allows
for ideal prosthetic design requires a team
approach between the surgeon, maxillofacial
prosthodontist, and anaplastologist. Additionally,
a nasal prosthesis might be considered as a tem-
porary treatment option while a patient awaits
surgery.’-8

The journey to a finished nasal prosthesis in-
volves 3 phases of patient care; the surgical and
healing phase, possible interim prosthesis phase,
and finally fabrication of the definitive prosthesis. -
Typically, at least 6 weeks of healing is required
before prosthesis fabrication can begin. While
many traditional fine art methods and dental mate-
rials are employed in the design and fabrication of
nasal prostheses, digital technology is streamlining
the workflow for prosthetic rehabilitation.

HISTORY OF FACIAL PROSTHESES

Facial prostheses were first documented in the
sixteenth century by French surgeon Ambroise
Paré, who is considered the founder of maxillofa-
cial prosthetics. He is credited with the fabrication
of the first nasal prosthesis made of gold, silver,
and “papier maché.” A string attached to the pros-
thesis was tied around the head for retention. Dur-
ing this time, most of the prostheses were made of
a combination of gold, silver, or ivory which made
the prosthesis stiff and heavy. It was not until the
19th century that the materials for facial prosthe-
ses improved with the use of vulcanite, which
was lighter and more comfortable for patients.®

Toward the end of the 19th century, Claude Mar-
tin introduced the combination of surgery and
prostheses to restore defects.’® He fabricated
nasal prosthesis from translucent ceramics. Karl
Henning in Austria was credited with the making
of a facial prosthesis with an impression. The
impression was poured in plaster with the mockup
of the prosthesis being made in wax on the plaster
mold. The lost-wax casting method was used to
melt the wax with gelatin and glycerin paste
poured into the mold with vulcanite or rubber.
The prosthesis was then glued with some mastic
solubilized in ether which was the most aesthetic
and comfortable prosthetic fabricated at the
time. This method allowed a closer representation
to human tissue than previous attempts.®

With World War | and the resulting disfigurement,
the American sculptor Anna Coleman Ladd made
facial masks for soldiers with injured faces. She,
along with French sculptor Jane Poupelet, worked
with the American Red Cross to operate workshops
for the fabrication of these masks.®>1'~'® The sec-
ond half of the 20th century was marked with great
improvement in the materials for facial prostheses.
The development of silicone evolving into the
Silastic Medical silicone elastomers allowed doc-
tors to have medical grade silicones for facial pros-
theses for patients. It is still used today for facial
prostheses. The work of Per-Ingvar Branemark
and Tomas Albrektsson on the osseointegration of
craniofacial implants paved the way for implant-
retained facial prostheses. In the late seventies,
Anders Tjellstrom was the first to treat a patient
with an implant-retained auricular prosthesis.®'6-1°

SURGICAL CONSIDERATIONS FOR TUMOR-
RELATED DEFECTS OF THE NASAL COMPLEX

The most common causes of partial and total
rhinectomies are squamous cell carcinomas
(Fig. 1) and basal cell carcinomas.® Nasal recon-
struction following removal of these tumors pre-
sents surgical and prosthetic challenges.*
Surgical limitations include the experience of the
reconstructive surgeon, as well as tissue availabil-
ity and tissue health. Radiated tissue with compro-
mised vasculature and fibrosis is particularly
challenging.’2° Surgical reconstructive options
may be further limited by the health of the patient,
the need to monitor the area for recurrence, and
individual patient desires to avoid additional sur-
gery.! As a general rule, partial nasal defects are
better served with surgical reconstruction and to-
tal nasal defects are better served with prosthetic
reconstruction.? When possible, many patients
prefer surgical reconstruction in order to avoid
placing and removing a prosthesis daily.

Partial rhinectomies resulting in smaller defects
can often be reconstructed prosthetically (Fig. 2)
or surgically with great success. However, with a
total nasal defect, it is often difficult to create a
symmetric and esthetically pleasing result with
surgical reconstruction if significant anatomic
structures are removed due to the tumor."? In pa-
tients with aggressive tumors likely to recur, sur-
geons may prefer to have the patient wear a
prosthesis instead of pursuing surgical recon-
struction, so that they can monitor the surgical
site closely. An interim prosthesis can be useful if
a patient desires future surgical reconstruction.®

When the decision is made to pursue prosthetic
rehabilitation, consideration should be paid to tis-
sue quality, soft tissue mobility near the area of the
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prosthetic margins, and possible retention op-
tions, as these factors will influence overall suc-
cess and patient acceptance. In addition, careful
surgical preparation of the defect greatly influ-
ences the success of the prosthesis. Surgical pro-
cedures, such as skin grafting, that reduce
distortion to neighboring facial hard and soft tis-
sues can enhance the prognosis of the prosthetic
rehabilitation.”? For example, if the upper lip is
pulled posteriorly and superiorly during surgical
closure, it will inhibit the ability to create a pros-
thesis with normal contours (Fig. 3). A retracted
lip makes it difficult to conceal the lower margin
of the prosthesis and can draw unwanted attention
to the area. Creating a skin-lined defect is desir-
able in nasal defects, as unlined defects can
compromise retention of the prosthesis due to
delicate friable tissues, excess mucus production
and drainage, and insufficient surface area for ad-
hesive retention.”? When the floor of the nasal
defect is lined with a split thickness skin graft,
the area can be used for excellent support of the
nasal prosthesis and possible anatomic retention.

A treatment planning discussion between the
surgeon and maxillofacial prosthodontist prior to
surgery is crucial, as the removal of some tissues
that are not affected by tumor is critical to ideal
prosthetic rehabilitation (Figs. 4 and 5). Nasal ala

Fig. 2. (A, B): Partial nasal prosthesis.
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Fig. 3. Defect where tissue was left that prevents ideal
prosthesis: bulky nasal bridge and retracted upper lip.

and nasal tip remnants often drift laterally and infe-
riorly when untethered from structural elements of
the nose that are removed during rhinectomy like
the septum and columella. This results in nasal
structures that are positioned outside of the

patient’s original nasal form. Prosthetic rehabilita-
tion for these patients requires esthetic compro-
mises that can affect patient satisfaction.
Removing otherwise-healthy nasal bones and
septum can be advantageous in some instances.’
When nasal bones and nasal bridge anatomy are
retained on a partial rhinectomy patient, it is impor-
tant that the soft tissues overlying these structures
be as thin as possible. When the prosthesis is
overcontoured over a bulky nasal bridge, the pro-
portions of the prosthetic design can result in a
restoration that is too large for the patient’s facial
structure. Designing a prosthetic margin over a
bulky nasal bridge can also result in areas of sili-
cone that are too thin and prone to tearing.” How-
ever, the decision to leave some anatomic
landmarks to anchor or even retain a nasal pros-
thesis can be beneficial. In some cases, remnant
nasal bridge and lateral sidewall structures create
an anatomic undercut that can be utilized to
engage a self-retained prosthesis. The nasal
bridge can also provide good support for eye-
glasses, which can help retain and disguise the
prosthesis. Determining the ideal reconstructed
nasal defect for each patient should involve collab-
oration between the surgeon, maxillofacial pros-
thodontist, anaplastologist, and other members
of the healthcare team.

METHODS OF PROSTHESIS RETENTION

Nasal prostheses can be designed to be held in
place by several methods, including mechanical-
retention by engaging anatomic undercuts
(Fig. 6); adhesive-retention using various liquid ad-
hesives or tape (Fig. 7); implant-retention utilizing

Fig. 4. (A, B): Excess tissue intentionally removed to create a defect that will allow good prosthetic outcome-

requires pre-surgical collaboration.
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breathing-requires pre-surgical collaboration. Magnet-retained prosthesis.

magnets (Fig. 8) or bar-and-clip structures (Fig. 9);
or hybrid combinations of the earlier-mentioned
methods. Each retention method has benefits
and drawbacks and the best solution for each
patient must be carefully assessed. When a self-
retaining nasal prosthesis can be fabricated, this
is often a highly successful and satisfactory solu-
tion. Self-retaining prostheses often include a
nasal stent element, which not only holds the
entire prosthesis in place, but also greatly im-
proves breathing. However, these designs can
be difficult for the maxillofacial prosthodontist
and/or anaplastologist to perfect. Adhesive use
is a common solution, particularly for cancer pa-
tients, but requires a considerable amount of
work by the patient to apply and remove the adhe-
sive on a daily basis. Careful cleaning of adhesive
is required to avoid tearing the prosthesis or expe-
diting silicone and color breakdown. The use of
adhesives generally decreases the lifespan of the
prosthesis. Implant-retained prostheses can pro-
vide improved patient satisfaction.2?? This type
of prosthesis is easier for the patient to place
and remove and often provides more reliable
retention. However, not all patients are candidates
for implant-retained prostheses. Patients with ra-
diation to the site or poor systemic health may
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not be candidates for implant surgery. Patients
who will not be compliant with diligent implant
and tissue hygiene are likewise not good candi-
dates for implant placement. Additionally, some
patients may opt for fewer surgical procedures
and therefore prefer rehabilitation with an
adhesive-retained prosthesis. Hybrid retention op-
tions may be advantageous by minimizing the
amount of glue necessary for successful retention
and avoiding the application of adhesive on the sil-
icone edges of the prosthesis, instead relying on
an adhered acrylic plate which uses magnets to
engage the silicone prosthesis.

CRANIOFACIAL IMPLANTS

Craniofacial implants employ the same design and
principles of dental implants commonly used in the
alveolar ridges of the maxilla and mandible. The re-
ported success of craniofacial implants ranges
widely. Studies have demonstrated implant sur-
vival rates of 93% to 100% for auricular implant,
83% to 93% for nasal implants, and 77% to 88%
for orbital implants.?32% While some of these suc-
cess rates are lower than those reported for intrao-
ral dental implants, craniofacial implants can
greatly improve retention of nasal prosthesis and
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Fig. 6. (A-D): Anatomy-retained or self-retained prosthesis.

overall patient acceptance.?'?22¢ Implants should
ideally be planned on a computed tomography
(CT) or cone beam computed tomography
(CBCT) scan with the maxillofacial prosthodontist
prior to placement. Implants are placed with the
prosthesis in mind to allow proper prosthesis con-
tour and design.

Placing implants in areas with friable tissue can
lead to soft tissue complications. When the ante-
rior nasal floor is lined with a skin graft, it is a
good site for implant placement. Traditionally,
the best sites for placement of osseointegrated
craniofacial implants are the floor of the nose
and the glabella with the floor of the nose having
a higher success rate. Nasal bones do not provide
sufficient bone for implant placement. Therefore, if
implants are planned in the glabella, the nasal
bones should be removed. Implants in the nasal
region have been shown to have survival rates
ranging from 87.8% to 92.5%,2%-2% with radiation
being a significant risk for implant loss.?”?® More
recent reports of using zygomatic implants to
retain nasal prostheses have been published with
promising success rates.?® Zygomatic implants

offer several advantages. They are more likely to
be out of the field of radiation and they gain
more stability than traditional craniofacial implants
because they pass through 3 to 4 layers of cortical
bone. However, the correct placement of zygo-
matic implants is technique sensitive and requires
planning (Fig. 10).30-31

If implants are deemed appropriate, they are
placed in the chosen bony site and covered with tis-
sue for 3 to 6 months to allow for osseointegration.
During this period, an interim adhesive-retained
prosthesis can be worn. Following appropriate
time for osseointegration, the implants are uncov-
ered and engaged with components used to retain
the prosthesis. Typically, craniofacial implants are
restored with custom bars using clips for retention
or with magnets. The magnets are a popular option
for facial prostheses due to easier fabrication and
maintenance. The use of implant components
and the elimination of adhesive allows the patient
to place and remove the prosthesis with ease. Elim-
inating adhesive also extends the lifespan of the
prosthesis, as daily cleaning of adhesive makes
the silicone edges more prone to tearing.
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Fig. 7. (A-D): Adhesive-retained prosthesis.

Fig. 8. (A-D): Magnets on intraoral obturator prosthesis used to for nasal prosthesis retention.
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Fig. 9. (A-D): Implant-retained prosthesis utilizing an implant bar.

PROSTHETIC FABRICATION, MATERIALS, AND
TECHNIQUES

The fabrication of a nasal prosthesis requires multi-
ple appointments following appropriate skin healing
from surgery. The first visit typically involves an
impression of the midface using traditional dental
impression materials. Dental stone is cast in the
impression, creating an accurate model of the nasal
defect, upon which the prosthesis is designed in
wax (Fig. 11). The patient then returns for a second
appointment to try on the wax prosthesis. Wax is
used because it can be easily modified and allows
the design of the prosthesis to be changed and
approved by the patient. This wax pattern is final-
ized, textured, and then invested in a stone
mold.32 The wax is melted out of the stone mold,
leaving the negative shape of the desired pros-
thesis. During these appointments, color matching
of the patient’s pertinent anatomy takes place.

Silicone is mixed and then processed into this
mold, and following silicone setting, the silicone
prosthesis is recovered from the mold. Silicone
can be intrinsically or extrinsically stained by the
maxillofacial prosthodontist or anaplastologist
(Fig. 12). The patient comes back for a subsequent
appointment where the prosthesis is further
customized with extrinsic staining and given to the
patient. Digital technology can simplify this process,
but still needs improvement (Fig. 13). Three dimen-
sional facial scans, whether from a CT/CBCT scan
or from a facial scanner, can be made of a patient’s
pre-op nasal contour and virtually sculpted, if the tu-
mor distorts the shape of the nose. This can then be
3D printed, eliminating the need for hand sculpting a
nasal wax pattern and can closely match the con-
tours of the patient’'s pre-op nasal shape. Color
matching has been digitally advanced with colorim-
eters like Spectromatch (Spectromatch Ltd, 27A
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Fig. 10. Virtual surgical planning for rhinectomy and
zygomatic implants.

Fig. 11. Wax up of nasal prosthesis.
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Fig. 12. Intrinsic silicone staining.

Belvedere, Lansdown Road, Bath, BA1 5HR, UK) for
base shade selection.

At the prosthesis delivery appointment, time is
spent educating the patient on the correct care
and maintenance of their prosthesis, including
donning and doffing instructions, cleaning proto-
cols, and potential complications. The patient is
then seen for regular follow up to ensure the safe
and effective use of the prosthesis.

COMPLICATIONS

Prosthetic complications are often related to issues
with retention. When adhesive is used, determining
the necessary type, distribution, and amount of ad-
hesive to use for each individual takes some exper-
imentation and trial and error. The presence of
moisture from nasal drainage and condensation
from air movement through the nasal prosthesis
as well as constant midfacial muscle movement
during speech and mastication create an environ-
ment that can be difficult for adhesives to over-
come. Adhesive-retained nasal prostheses are
typically remade every 1 to 2 years, due to silicone
tearing or discoloration.? The frequency of remakes
depends on the patient’s hygiene, skin type, life-
style, environment, and sun exposure.

Careful management of nasal prosthetic devices
is also required in order to ensure the comfort and
health of soft tissues in contact with the device.
Modifications may be required to the tissue fitting
surface of a nasal prosthesis if contact between
the prosthesis and delicate tissues results in
discomfort, pressure points, tissue breakdown,
or irritation that causes excess nasal drainage.
These issues may arise particularly with prosthe-
ses using anatomic retention and/or nasal stents,
especially in defects not lined with skin grafts.
The growth of microorganisms on the silicone sur-
face is also sometimes seen with nasal prosthe-
ses. Microbial growth on a prosthesis can cause
discoloration and possible tissue health concerns.
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Fig. 13. (A, B): Digital design.

When microbial growth is present on a prosthesis,
more frequent follow-up visits and replacement
prostheses may be required.

For patients with implant-retained prostheses,
the most common complications involve soft tissue
reaction, most often due to lapses in hygiene.®®
Implant infection, implant failure, or implants
placed in an unusable position are other possible
complications. Implant components can break,
lose retention, or detach from the prosthesis, so
regular follow up visits are important.

Unsuccessful nasal prosthetic restoration can
result from poorly designed prostheses, compro-
mised surgical site preparation, improper implant
placement, failed retention with adhesives, or pa-
tient non-compliance with care and maintenance
of the device. All of these complications can be pre-
vented or managed with good coordination and
communication between patients and their sur-
geons, maxillofacial prosthodontists, anaplastolo-
gists, and other members of their healthcare team.

CLINICS CARE POINTS

e The promising use of zygomatic implants may
result in higher implant success rates even in
patients who must undergo adjuvant radia-
tion therapy. Further studies are needed.

e The most common complication with
implant-retained prostheses are soft tissue re-
actions. Patients who are noncompliant or
unable to perform diligent hygiene may not
be good candidates for craniofacial implants.

Digital technology is improving the workflow
for fabricating prostheses and skin shade
matching.

Ateam approach is required from the beginning
of treatment for patients who will undergo a
rhinectomy and subsequent prosthetic recon-
struction. The maxillofacial prosthodontist and/
or anaplastologist should see the patient prior
to tumor resection, collaborate with the surgeon
to determine if any otherwise-healthy tissues
should be removed along with the tumor, and
aid in prosthetically driven implant planning.

e Proper patient selection and a skilled surgeon
are critical for successful surgical reconstruction
of nasal defects. A nasal prosthesis can restore
normal nasal contours, function, and esthetics
if a defect is properly prepared during tumor

removal.
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