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of problem. The longevity of silicone facial prostheses is short, and published data concerning this type of rehabilitation are limited.

he purpose of this retrospective study was to identify predictive variables for prosthetic failure and to highlight the results that can
d after treatment with silicone facial prostheses.

nd methods. After institutional approval, patient records from a single Brazilian institution for the time period 2004 to 2015 were
standardized form was used to collect patient data. Frailty survival modeling (simple random effects survival model) was used to

er age, sex, type of prosthesis, source of defect, number of implants, and type of retention have a direct impact on the prosthetic
(a=.05).

ricular prostheses were the most frequently fabricated prostheses. Eighty-four prostheses were fabricated during the follow-up
e overall survival rate for facial prostheses was 34.5%. Color alteration was the most common reason for new prostheses
he implant success rate was 98.18%. The number of implants approached statistical significance (P=.06) with a reduced risk of
n the patient had 2 implants compared with patients with zero implants and patients with more than 2 implants.

s. Patients should be recalled frequently so that retouches can be performed, avoiding the repeated fabrication of new pros-
ll-designed studies are necessary to identify more relevant complications and factors that lead to prosthetic failure. (J Prosthet
;118:235-241)
Silicone facial prostheses have been proposed as the best
approach to rehabilitating patients with craniofacial
defects.1-3 However, the longevity and maintenance of
facial prostheses are the principal concerns of clinicians
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primary determinant of a successful prosthetic approach,
has traditionally been achieved using adhesives or
aulo, Brazil; and Coordinator, Anaplastology Service of Brånemark Institute,

), São Paulo, Brazil.
al School, Sao Paulo State University (UNESP), São Paulo, Brazil.
lo, Brazil.
agrado Coração (USC), Sao Paulo, Brazil; and Coordinator,

ulo, Brazil.
ol of Dentistry, Omaha, Neb.; and Member and Past Chair,
sity, Omaha, Neb.
f Campinas (UNICAMP), São Paulo, Brazil.
mpinas (UNICAMP), Piracicaba Dental School, São Paulo, Brazil.
ealth Care System, Omaha, Neb.; and Special Associate Professor,

235

http://crossmark.crossref.org/dialog/?doi=10.1016/j.prosdent.2016.10.014&domain=pdf


Clinical Implications
The most common reason for the replacement of
facial prostheses is discoloration of the silicone
material. Retouches may be used to delay the
fabrication of new prostheses.
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eyeglasses.2 However, neither of these methods provides
satisfactory and durable retention, limiting the patients’
activities and resulting in embarrassment when the pros-
thesis loses its retention during social interactions.2,5,6

Craniofacial implants are a solution to maxillary
defects, as they allow the use of more retentive methods
and reduce the discoloration that results from conven-
tional adhesives, yielding a more durable prosthesis.5,7

Moreover, the distress of a specialized and time-
consuming treatment is shortened, increasing the
patient’s overall well-being and acceptance of the reha-
bilitation treatment.5 Unfortunately, several clinical
studies have reported that the survival of craniofacial
implants varies depending on where they are placed.8-10

The current published data indicate predictable and high
survival rates in the auricular region (approximately 95%)
and less favorable results at nasal (71.4% to 100%) and
orbital sites (27% to 75%).8-10 Survival rate is not uniform
across sites because of such factors as the quality and
volume of the bone, hygiene, radiotherapy, hair-bearing
tissue, skin mobility, and soft tissue thickness.8,10 While
craniofacial implants are well covered by a wide range of
published studies, studies that evaluate the clinical per-
formance of facial prostheses are uncommon. The pub-
lished clinical literature does not provide evidence-based
information concerning this method of rehabilitation
because it consists almost entirely of clinical reports,
which primarily reflect personal experiences, and labo-
ratory investigations.11-16

To date, silicone elastomers are the most commonly
used to fabricate facial prostheses.1,13-16 However, the
most common reason for the replacement of facial
prostheses is the impairment of the properties of silicone
elastomers, which is generally identified by the discol-
oration or failure of the material.6,13-22 This deterioration
is caused primarily by exposure to weather conditions,
human body secretions, and prosthesis maintenance
procedures.1,6,12,23 Some studies have reported that the
mean life span of a silicone-based facial prosthesis ranges
from between 1.5 and 3 years, with only a small per-
centage of prostheses (4.8%) lasting longer than 2
years.6,12,24,25 It is not surprising that the durability of
facial prostheses remains a topic of discussion with the
progressive increase in the number of patients with
craniofacial defects.1 An urgent approach to improving
this scenario is to provide more clinical evidence related
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to the life span of facial prostheses and to provide a
complete overview of the common problems and com-
plications for researchers, clinicians, and patients. This
approach might help researchers to identify the factors
that most affect the initiation of prosthesis replacement
and the frequency of complications.6

Moreover, to the best of the authors’ knowledge, few
studies have assessed the need for surgical and prosthetic
aftercare of implant-retained craniofacial prostheses.6,12

In addition, the current literature suggests that an
objective clinical investigation that uses a descriptive
analysis of prosthesis performance will help to optimize
prosthetic treatment. Such a design provides realistic
expectations about what can occur when patients with
craniofacial defects receive facial prostheses retained
conventionally or by using implants.14,24,25 Therefore, the
purpose of this retrospective study was to estimate the
type and rate of complications of facial prostheses and
craniofacial implants through a retrospective analysis of
patients over a follow-up period of up to 11 years; to
analyze possible predictive variables for prostheses fail-
ure; and to highlight the results that can be expected for
patients with craniofacial defects who receive implant or
conventionally retained facial prostheses.

MATERIAL AND METHODS

Patients who had craniofacial defects, with or without
craniofacial implants, and who were rehabilitated with
silicone facial prostheses from January 2004 to March
2015 were evaluated in a retrospective record review. The
records of a single Brazilian institution were screened
(P-I Brånemark Institute, Bauru, São Paulo, Brazil). The
institutional ethics committee of Piracicaba Dental
School, University of Campinas (process number
1.594.462), granted approval for this study.

The patients’ records were assessed, and data con-
cerning sex, age, type of facial prosthesis, defect etiology,
number of craniofacial implants, follow-up, prosthesis
longevity, reasons for changing prostheses, retentive
system, and prosthetic aftercare were collected. In the
present study, facial prostheses were covered only by the
Brazilian government health care system. All problems
that did not lead to the fabrication of a new prosthesis,
such as repairs of attachment systems, retouches, the
fabrication of new bars, tightening of screws, changing of
abutments, hygiene instructions, and skin reactions
around the abutments connected to the craniofacial im-
plants, were considered to be prosthetic aftercare. Prob-
lems that led to the fabrication of new prostheses and
implant loss were considered to be failures. A data sheet
was used to collect this information from every patient’s
records. Two specialized prosthetists (A.J.V.F. and T.B.B.)
and 1 surgeon (H.N.F.) performed the rehabilitation of
the patients evaluated in this study.
Brandão et al



Table 1. Summary of patient data according to defect type

Defect Site Participant, n Age (y), Range/Mean Sex Defect Cause
Implants
Placed, n

Observation Period (mo),
Range/Mean

Auricular 10 10-40/24.5 6 male; 4 female 7 congenital; 3 trauma 23 29-98/56.9

Nasal 8 25-76/63.5 2 male; 6 female 8 cancer 12 13-57/44.4

Orbital 9 39-73/56.2 5 male; 4 female 7 cancer; 2 trauma 20 31-79/58

Total 27 10-76/46.7 13 male; 14 female 15 cancer; 7 congenital; 5 trauma 55 13-115/53.9

Table 2. Frequency distribution of auricular, orbital, and nasal prostheses
per patient and number of prostheses made for same patient over
follow-up period

Prosthesis Type

No. of Prostheses

1 2 3 4 5 6

Auricular 3 2 2 1 - 1

Nasal 3 2 1 1 1 -

Orbital 4 2 1 1 - -

Total 10 6 4 3 1 1
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Prosthetic procedures were started 6 months after
implant placement (2-stage procedure).10 After implant
exposure, the abutments were tightened using a 15 Ncm
torque control device, as recommended by the manu-
facturer (Brånemark System; Nobel Biocare). The peri-
implant skin was subjected to impression procedures
only after a healing period of 2 to 4 weeks. An impression
of the patient’s face was made by using a polyvinyl
siloxane. Casts were obtained with a Type IV colorless
dental die stone (GC Fujirock; GC Corp). Sculpturing of
the facial anatomy was performed with Chavant clay
(Technovent; Factor II) on a layer of baseplate wax.8,24

The type of attachment systems used depended on the
space available for prosthesis insertion. In the present
study, bar clips and magnets were used (Magnetic
Components; Factor II), and an acrylic resin framework
was fabricated (Classico Autopolymerizing Acrylic Resin;
Classico). A primer (A-330-G; Technovent, Factor II) was
used to chemically enhance the bond of silicone elas-
tomer to acrylic resins. Subsequently, the silicone elas-
tomer (VST-50F Silicone Elastomer; Technovent, Factor
II) was combined with pigments (FI; Functional Intrinsic
II, Silicone Coloring System; Technovent, Factor II) and
fiber flocking (H; Flocking; Technovent, Factor II), which
were incorporated intrinsically, to match the patient’s
skin. Next, extrinsic coloration (KT199; Technovent,
Factor II) was performed, if needed, with pigments
associated with a transparent silicone (medical adhesive
A; Technovent, Factor II). The patients were recalled for
consultations every 6 months.

A standardized form was used to collect patient data,
and new information regarding the craniofacial implants,
prostheses, and peri-implant soft tissue were obtained at
recall examinations after the prosthesis and patient had
been subjected to clinical evaluation. The data collection
was performed by 2 calibrated prosthodontists (A.J.V.F.
and T.B.B.) with expertise in maxillofacial rehabilitation.
The clinicians evaluated the acceptability of the facial
prosthesis of each patient in terms of color alteration,
quality of fit, satisfactory retention, hygiene, and integrity
of the silicone material. Color alteration was defined as a
decrease in the quality of the color match of the pros-
thesis to the underlying skin over time. Mechanical
complications of the abutment and attachment compo-
nents were also recorded by following the protocol
described above. When both evaluators did not reach a
consensus on each criterion for each patient, a third
Brandão et al
prosthodontist (V.E.S.B.) was consulted to moderate
discussion. The reasons for a new prosthesis were
recorded. Failure was defined as the need for a new
prosthesis caused by 1 or more of the factors that could
impair prosthesis acceptability. When another fabrication
of the prosthesis was necessary, the reasons were regis-
tered after the assessment of the prosthesis and patient
by the evaluators.

The time variable was the number of days from the
delivery of the facial silicone prosthesis to failure. Sum-
mary statistics were calculated for age, and frequencies
were calculated for sex, type of prosthesis, source of
defect, number of prostheses per patient, number of
implants per patient, number of failures per patient, type
of retention per patient, and reason for failures. All
prostheses were included in a statistical analysis, which
means the first delivered and all the other prostheses
fabricated after each failure. Frailty survival modeling
(simple random effects survival model) was used to test
whether age, sex, type of prosthesis, source of defect,
number of implants, and type of retention had a direct
impact on the prosthetic failure rate. Statistical software
(IBM SPSS Statistics v20.0; IBM Corp) was used for the
analyses (a=.05).

RESULTS

This study evaluated a total of 27 patients (12 men, 15
women). The average age was 46.7 years (range 10 to 76
years). The characteristics of the patients evaluated in this
study and the prosthetic results are displayed in Tables 1,
2, and 3. The most common type of prosthesis in this
study was auricular. All of the auricular defects were
congenital or resulted from trauma, in contrast to nasal
and orbital defects resulting from cancer, trauma, or
congenital origins. Fifty-five new prostheses were fabri-
cated. In total, 84 prostheses were evaluated during the
THE JOURNAL OF PROSTHETIC DENTISTRY



Table 3. Summary of prostheses characteristics, frequency distribution of reasons for prostheses aftercare, and failure types

Prosthesis Type Retention Type No. of Prostheses Aftercare No. of Failure Type

Auricular � 6 bar clip
� 1 bar clip + adhesive
� 4 magnets

� 7 retouches
� 3 new bar
� 2 changing of abutments
� 1 new clips
� 1 small rebonding of silicone to acrylic resin
� 1 treatment of exudate in peri-implant skin
� 1 reinforcement of acrylic resin framework

� 8 color alteration
� 4 misfit
� 1 lack of retention
� 1 detachment of silicone to acrylic resin
� 1 rupture of silicone
� 1 fracture of clips

Nasal � 4 bar clip
� 1 bar clip + magnets
� 1 magnets
� 2 adhesive

� 7 retouches
� 1 new clips

� 7 color alteration
� 3 misfit
� 1 detachments of silicone to acrylic resin

Orbital � 1 bar clip
� 8 magnets

� 7 retouches
� 1 changing of abutments
� 2 retightening of abutment screw
� 3 treatment of exudate in peri-implant skin (1 implant loss)

� 7 color alteration
� 1 misfit
� 1 rupture of silicone

Total � 11 bar clip
� 1 bar clip + adhesive
� 1 bar clip + magnets
� 13 magnets
� 2 adhesive

� 21 retouches
� 3 new bar
� 3 changing of abutments
� 2 new clips
� 1 small rebonding of silicone to acrylic resin
� 4 treatment of exudate in peri-implant skin
� 2 retightening of abutment screw
� 1 reinforcement of acrylic resin framework

� 22 color alteration
� 8 misfit
� 1 lack of retention
� 2 detachment of silicone to acrylic resin
� 2 rupture of silicone
� 1 fracture of clips

Table 4. Relative risks from survival modeling with random effects

Variable Relative Risk 95% CI P

Sex .968

Female Reference -

Male 0.989 0.567-1.723

Age (y) .224

�25 Reference -

26-40 0.736 0.316-1.715

41-60 0.472 0.188-1.183

�61 1.030 0.488-2.176

Type of prosthesis .740

Ear Reference -

Nose 1.238 0.639-2.395

Orbit 1.006 0.505-2.003

Source of defect .862

Cancer Reference -

Congenital 1.112 0.589-2.111

Trauma 0.899 0.402-2.011

Retention .240

Adhesive Reference -

Bar clip 0.308 0.085-1.111

Magnet 0.288 0.079-1.051

Bar clip + magnet 0.211 0.032-1.419

No. of implants .061

0 Reference -

2 0.269 0.078-0.930

�3 0.427 0.113-1.614

Significance of 5%.
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follow-up period. Prosthetic follow-up after loading was
more than 5 years for 8 patients, and no patient had less
than 1 year of follow-up (mean follow-up of 53.9
months). Three patients died during follow-up because
their cancer recurred. A total radiation dose could not be
ascertained because participants who underwent reha-
bilitation at our institute were forwarded from private
clinics and only medical consent was provided. Attempts
were made to contact the relevant oncologists, but no
response was obtained. All patients diagnosed with
neoplasias were subjected to radiotherapy. Of the total
study group, 1 patient had a conventionally retained
prosthesis (adhesive).

Of the 84 prostheses, the most common reasons for
replacement were color alteration (n=23 [27.4%]), pros-
thesis misfit (n=6 [7.1%]), detachment of silicone from
the acrylic resin framework (n=3 [3.6%]), and rupture of
the silicone material (n=2 [2.4%]). Eleven patients had
their prostheses colored with retouches. With regard to
retentive methods, 23 participants (85.2%) were provided
with craniofacial implants, 2 participants retained their
prostheses conventionally by using adhesives, and the
other 2 participants used a combination of the 2
methods. Twelve individuals had their prostheses
retained with magnets, 11 individuals had their pros-
theses retained with bar clips, 1 individual used a com-
bination of bar clips and magnets, and 1 individual used
bar clips and adhesive. In addition, fracture of clips was
observed in 2 patients, while just 1 participant experi-
enced complications with magnets.

Fifty-five craniofacial implants were placed, with most
patients having 2 implants placed. Four craniofacial im-
plants were placed in 1 participant who had bilateral
auricular prostheses. These 2 auricular prostheses were
evaluated as different prostheses because, even though
THE JOURNAL OF PROSTHETIC DENTISTRY
they were used by the same patient, several factors led
them to be categorized as independent. The mean
dimensions of the craniofacial implants were 8.5×3.75
mm. None of the craniofacial implants was loaded
immediately. However, Table 4 shows that the number of
implants approached statistical significance (P=.06), with
a reduced risk of failure when the patient had 2 implants
Brandão et al
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compared with patients with zero implants and patients
with more than 2 implants. Four patients developed
peri-implant skin reactions, and 1 implant had to be
removed because of frequent skin reactions. Moreover,
the success rate for implant osseointegration was 98.2%.
No failures in implant osseointegration were observed
after 60 months of follow-up. Screw loosening was
observed in 2 participants. All participants received
hygiene instructions for their prostheses and implants.
DISCUSSION

In the present study, the number of prostheses fabricated
was more than twice the total number of patients. All
facial prostheses were covered by the Brazilian health
care system. However, in contrast with other countries,
where people are covered by their insurance, our institute
fabricated only 1 prosthesis per participant because the
financial support provided by the government is not
sufficient for all the individuals who seek prosthetic
treatment. Therefore, the policy of our institute was to
fabricate only 1 prosthesis per participant so that pros-
thodontists can rehabilitate a greater number of patients.
Individuals were aware that other prostheses could be
fabricated in private offices, but no participant reported
the need.

Color alteration was the principal reason for new
prostheses, which is consistent with previous
studies.6,17,24,25 The degradation of the silicone material
is caused primarily by exposure to weather, human body
secretions, and prosthesis maintenance proced-
ures.1,6,12,23 According to some laboratory studies, the
energy of light irradiation during exposure to weather
degrades the polymer network (a phenomenon called
postpolymerization) by changing the number of polymer
chains, as well as their cross-linking and angular
arrangement in space. These changes affect light trans-
mission through the silicone material. Moreover, the
breakdown of the polymer chain bonds is also caused by
the interaction of body secretions with the silicone
polymer.15,16 Also, some investigations suggest that
digital friction induces the detachment of the additives
that are incorporated into the elastomer matrix, even
when it is performed gently; unfortunately, hygiene
procedures for facial prostheses are mandatory, so this
cannot be avoided.18-20 This factor might also explain the
excessive number of small repairs (retouches) that were
observed in nearly all patients.

Figure 1 shows that most of the prostheses failed 1 to
3 years after clinical installation, indicating that the mean
life span of the prostheses is similar to the values pre-
viously reported by other clinical studies.6,12,24,25 How-
ever, according to our experience with the participants
evaluated in this study, the retouches performed at the
patient recall visits prolonged the life of the silicone facial
Brandão et al
prostheses. Such a strategy is worthwhile only with
short-term recalls (maximum of 6 months) because once
the silicone has been contaminated, color touch-ups do
not last.

Misfit of the prostheses was also among the most
frequent patient concerns and was also reported in a
previously published study that prospectively evaluated
76 patients.4 The same mechanisms that cause discolor-
ation may also affect the dimensions of the silicone
elastomer because changes in the polymer network result
in a shrunken material with reduced elasticity and
increased hardness.18 In the present study, a poor fit was
also observed when young patients grew or when
patients lost weight because of cancer activity or
depression. Thus, the data reported here, in combination
with the published clinical studies, will help clinicians to
monitor their patients with regard to these complications,
as an estimated survival time based on clinical data
enables clinicians to have realistic expectations regarding
prostheses24 and to work in a multidisciplinary team
(including psychiatrists and psychologists).

In the present study, the youngest mean age was
observed in patients with auricular prostheses, which was
the type of prosthesis with the highest incidence of
misfits. Auricular prostheses would be recommended for
further clinical studies to monitor the dimensions and
morphology of the defects in order to identify how
changes in the fit of the prosthesis occur over time. That
way, any changes that result from defects that evolve
over time can be identified instead of attributing the
misfit to only the silicone material; auricular prostheses
are generally associated with congenital or traumatic
factors, in contrast with nasal and orbital defects, which
are generally associated with cancer.

Another common complication and reason for con-
stant repairs during the prosthesis aftercare period is the
detachment of silicone from the acrylic resin frame-
work.24 This effect is explained by the differences in the
chemical structures of these 2 materials (dimethyl
siloxane polymers from silicone and polymethyl meth-
acrylate from the resin).13,14 Some laboratory studies
reported that the highest bond strength is achieved and
maintained after aging when primers are used. Thus, we
used 1 primer to improve the bonding between the 2
materials for all patients with implant-retained facial
prostheses. These agents contain an organic solvent and
an adhesive agent that reacts with both silicone and resin
materials by activating the surfaces through etching or
promoting hydrogen bonding and covalent coupling; this
increases the wettability of the substrate by impregnating
the surface layer with the polymeric ingredients.13,14

However, this chemical interaction must still be
improved, as the detachment of silicone from the acrylic
resin framework was also observed in some of our
patients.
THE JOURNAL OF PROSTHETIC DENTISTRY



Figure 1. Illustration of complications among evaluated patients. A, Silicone discoloration causing mismatch with patient’s skin. B, Debonding of sil-
icone from acrylic resin infrastructure. C, Black stains on both inner and external silicone surfaces. D, Peri-implant skin reactions. E, Misfit between
prosthesis and skin.
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In addition, a less common complication was obser-
ved in this study: black stains on the surface of the
prostheses and odors. These problems occur because
silicone surfaces are susceptible to microorganisms that
penetrate the pores of the silicone and are not removed
by washing the prostheses.6,21

In contrast with another study,21 loosening of the bar
screws was a complication noted in orbital prostheses. As a
result, this typeofprosthesis shouldalwaysbeassociatedwith
magnets when cost and prosthetic space allow. This compli-
cation is more frequently associated with clip retentions.21
THE JOURNAL OF PROSTHETIC DENTISTRY
Skin reactions around abutments were the most
common complication observed in patients with cranio-
facial implants. This complication might occur because
the peri-implant skin is a thin and immobile tissue,
which results in fewer peri-implant tissue complica-
tions.8,6 In this study, only 1 implant had to be removed
because of persistent tissue reactions rather than because
of the loss of osseointegration. However, satisfactory
survival rates are not common in the majority of pub-
lished studies.8-10 Such high success rates were probably
observed because this study was a pilot study and data
Brandão et al
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could only be obtained from a small number of patients,
and because some patients had a shorter follow-up
period than others. Furthermore, skin reactions were
most commonly associated with a lack of hygiene, and,
as also observed in the another study,8 the problem was
generally solved when this parameter was improved.
Some patients in this study had their abutments changed
or a new bar fabricated to facilitate hygiene maintenance,
which may be a useful strategy for clinicians when
adaptation time is not sufficient to solve the problem.
Interestingly, the simple random effects survival model
for implant failure did not reveal significant differences,
but the P value (P=.06) approached statistical signifi-
cance. To the best of the authors’ knowledge, no study
has evaluated the optimal number of craniofacial im-
plants, and such a result might guide maxillofacial
prosthodontists when planning rehabilitation with
implant-retained facial prostheses.

The present study had some limitations. First, the
study included a small number of participants from only
1 center. Second, some of the patients had a shorter
follow-up period than others, and age ranged consider-
ably. Younger individuals may have different patterns of
wear than the older population. Further investigations
should take a number of factors into consideration: a
larger cohort size, evaluation of different predictive var-
iables to identify the factors that result in prosthetic
failure (such as the size of the prosthesis), different
craniofacial rehabilitation centers (because populations in
different geographic locations provide a more relevant
clinical scenario), and longer follow-up periods with
participants of similar age are necessary to obtain a more
relevant clinical scenario.

CONCLUSIONS

Within the limitations of this retrospective pilot study,
the following conclusions were drawn:

1. Color alteration is the principal reason for prosthesis
replacement.

2. Prosthesis misfit, the detachment of silicone from
the acrylic resin framework, and skin reactions
around abutments were observed frequently.

3. Retouches can be performed to avoid the fabrication
of new prostheses.

4. Well-designed studies are necessary to identify
additional relevant complications and different
predictive variables that result in prosthetic failure.
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