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Introduction 
Nasal defects can occur as a result of ablative oncologic surgery, trauma and congenital 
disorders, with ablative oncologic surgery being the most common1,2. Congenital absent 
noses are extremely rare2. For emotional and cosmetic reasons, nasal defects can be very 
distressing to patients. These defects can impair the patients’ social life 3. 

Currently, nasal defects are reconstructed with surgical techniques (e.g., forehead flap)4-6, 
prosthetic techniques3,7,8, or a combination of these two. Surgical reconstruction is 
difficult to perform and its outcome has not been described in large patient numbers. 
Furthermore, treatment of a local tumour recurrence may necessitate removal of the 
surgical reconstruction. An advantage of rehabilitation with nasal prostheses above 
surgical reconstruction is that the defect resulting from ablative tumour surgery can 
be observed in total, allowing for thorough oncological inspections. Furthermore, nasal 
prostheses match a natural cosmetic situation3. Therefore, total rhinectomy defects 
resulting from tumour surgery are preferably rehabilitated with nasal prostheses. 
Retention of nasal prostheses include fixation on glasses and gluing to the skin with 
silicone-based adhesives7. None of these fixation methods are optimal because they limit 
the patients’ activities. Especially in warm climates or in a moist environment such as the 
nasal cavity, the skin glue can dissolve or fail to attach to the skin. In addition, it is difficult 
to correctly position the prosthesis with skin adhesives. Adhesives can cause skin irritation, 
allergic reactions, and discolouration and deterioration of the edges of the silicone 
prostheses.
In 1979 the use of extra oral endosseous implants for retention of craniofacial prostheses 
was introduced by Brånemark et al.9 Since then, endosseous implants have acquired an 
important position in the prosthetic rehabilitation of patients with craniofacial defects, 
both in irradiated and non-irradiated patients3,9-12. Advantages of fixating craniofacial 
prostheses (especially nasal prostheses) on endosseous implants include easier 
maintenance of these prostheses (no glue remnants), easier mounting of prostheses in 
the right position and improved retention compared to adhesive prostheses. Therefore 
patients’ satisfaction with implant-retained craniofacial prostheses is higher compared 
with adhesive prostheses9,13,14.
In the literature overall implant survival of implants used for implant-retained nasal 
prostheses varies largely between 50%-100% with a median survival of 85.5% for non-
irradiated patients and 80.0% for irradiated patients1,15-26. However, treatment protocols of 
inserting implants for implant-retained nasal prostheses in these studies were all different. 
Amongst others, there is no consensus with regard to implant location, type and length 
of implants, treatment of irradiated and non-irradiated patients and dentate patients. 
Furthermore, aftercare and patients’ satisfaction are hardly discussed. The number of 
patients is usually low and follow-up periods vary. Currently, only a few studies report on 
the results of nasal implants with a long follow-up19,21,24. 
Therefore, the aim of this study was to assess aftercare, clinical outcome of the implants 

Abstract 
Background
Nasal defects resulting from tumour resection are preferably rehabilitated with implant-
retained nasal prostheses. Aftercare, clinical outcome of the implants and patients’ 
satisfaction with implant-retained nasal prostheses were assessed.

Methods
Twenty-eight consecutive patients needing total rhinectomy due to tumour resection 
between 1998 and 2013 were treated according to a standardized protocol with two 
implants in the nasal floor. Surgical and prosthetic aftercare was scored using patient 
records. Finally in 2014 skin reaction, peri-implant bone loss and patients’ satisfaction were 
assessed in all 13 still living patients.

Results
In total 56 implants were inserted (median follow-up 35.1 months, IQR 8.9-63.3). Implant 
survival was 96.4%, was independent of radiotherapy. Peri-implant skin was healthy and 
patients’ satisfaction high. Longevity of the prostheses was limited.

Conclusions
Rehabilitation of nasal defects resulting from total rhinectomy with implant-retained nasal 
prostheses according to our protocol resulted in high patient satisfaction and favourable 
treatment outcome. 
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7 or 10 mm, Nobel Biocare, Gothenburg, Sweden) were inserted according to a 2-stage 
procedure. Before implant insertion, the prominent bony lip of the piriform aperture 
was trimmed and the anterior part of the nasal septum and the inferior turbinates were 
removed. Next, the two implants were inserted via the nasal floor into the maxillary bone 
at an angle of 60˚ with the horizontal transversal plane (Figure 1). The implants were 
covered with a split skin graft. 

Figure 2. Superstructure with bar combined with magnet on two implants inserted in nasal floor in a 
73-years old man after total rhinectomy: angulation of the implants (a), and inside of the prosthesis (b)

Figure 3. Implant-retained nasal prosthesis in situ in an 84-years old woman after total rhinectomy

and patients’ satisfaction in a relatively large group of patients rehabilitated with an 
implant-retained nasal prosthesis after total rhinectomy due to tumour ablation. All 
patients were treated according to a standardized protocol with two endosseous implants 
in the nasal floor. Both dentate and edentulous patients were included in this study.
 

Materials and Methods
Patients and implants
All consecutive patients (n=28) treated between 1998 and 2013 with implant-retained 
nasal prostheses after total rhinectomy due to tumour resection in the Department of 
Oral and Maxillofacial Surgery and the Department of Otorhinolaryngology/ Head and 
Neck Surgery of the University Medical Center Groningen (UMCG) were included in 
this analysis. All patients underwent both tumour surgery and implant insertion in the 
UMCG. Treatment planning and implant insertion were carried out by one experienced 
oral and maxillofacial surgeon within the setting of a multidisciplinary team specialized in 
the treatment and rehabilitation of patients with extra oral defects. This multidisciplinary 
team was composed of maxillofacial surgeons, maxillofacial prosthodontists, ear, nose and 
throat surgeons and plastic surgeons.

Figure 1. Planning of implant angulations (approximately 60°) with the horizontal plane (a) and position in 
nasal floor (b) in a dentate patient

Treatment protocol
Preoperative available bone height was measured on lateral radiographs in edentulous 
patients or computed tomographic (CT) scans or conebeam CTs (CBCTs) in dentate 
patients. From 2010, implant planning in dentate patients was fully digitalized from 2010 
as described in detail by Van der Meer et al.27 

In all 28 patients, two implants (Brånemark dental implants with diameter 3.75 mm, length 
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Patients’ satisfaction 
In all living patients in 2014, patients’ satisfaction with the implant-retained nasal prosthesis 
was scored. Patients’ satisfaction was expressed on a 10-point rating scale (1–10); ‘‘1’’ being 
completely dissatisfied and ‘‘10’’ being completely satisfied as was also done in the study of 
Schoen et al9.

Statistical analysis
The data were analysed using non-parametric tests. A Mann-Whitney U test was used to 
assess differences between irradiated and non-irradiated patients and a Wilcoxon signed-
rank test was used to assess differences in bone level in time (IBM SPSS Statistics 22). In all 
tests a p-value < 0.05 was considered statistically significant. 

Results
Patients and implants
Table 1 shows patient and implant characteristics. In total 56 implants were inserted in 28 
patients with a median follow-up of 35.1 months (IQR 8.9-63.3). Thirty-six implants were 
inserted in previously irradiated bone (71.4%). No cases of osteoradionecrosis occurred. 

Table 1. Patient and implant characteristics, total group

Patients
Number of patients 28
Age at insertion (mean ± SD, range in years) 68.0 (± 9.4) (51.6-84.3)
Gender (n, %):
  female 10 (35.7%)
  male 18 (64.3%)
Oncologic disease (n, %):
  Squamous cell carcinoma 20 (71.4%)
  Melanoma 3 (10.7%)
  Basal cell carcinoma 2 (7.1%)
  Adenoid cystic carcinoma 2 (7.1%)
  Adenocarcinoma 1 (3.6%)
Follow-up* (median, IQR) 35.1 (8.9-63.3)
Edentulous (n, %) 21 (75.0%)
Dentate (n, %) 7 (25%)
Patients with implants lost (n, %) 2 (7.1%)
Radiotherapy (n, %): 20 (71.4%)
  Before implant insertion 18 (64.3%)
  After implant insertion 2 (7.1%)
Rehabilitated patients (n, %) 23 (82.1%)
Implants 
Number of implants: 56
  7 mm 16 (28.6%)
  10 mm 40 (71.4%)

To ensure adequate osseointegration, a healing time of at least three months was 
considered before uncovering. In cases where postoperative radiotherapy was performed, 
the osseointegration period was increased with three months9. Patients could wear an 
adhesive nasal prosthesis in the meantime. 
During the second stage, i.e. the procedure for uncovering the implants and abutment 
connection, the implants were uncovered under local anaesthesia. The skin around the 
implants was, when applicable, thinned subcutaneously to prevent pocket formation and 
inflammation around the implants. Thereafter, the abutments were connected on the 
implants. To keep the soft peri-implant tissues in place, gauze soaked in ointment was 
wrapped around the abutments. After one week, the sutures were removed and new gauze 
was wrapped around the abutments. 
Three weeks after abutment connection, the maxillofacial prosthodontist started 
fabricating the superstructures and nasal prostheses. The implant-retained nasal prostheses 
were made of intrinsically pigmented silicone elastomers. Retention was achieved with a 
bar-clip retention system (Haderclips or Friatec clips (former Friadent, now Dentsply IH 
GmbH, Mannheim, Germany). Since 2011 the bars were milled from titanium (with a macro-
dolder clip, Cendres+Métaux, Biel-Bienne, Switserland) and combined with a Steco magnet 
(Steco-System-Technik, Hamburg, Germany) (Figure 2 and 3). 

Surgical and prosthetic aftercare
Surgical and prosthetic aftercare from implant insertion to last available follow-up was 
retrospectively scored in all patients by assessing patient records according to Visser et al.1 
Surgical aftercare included subcutaneous tissue reduction, split skin grafts and the need 
for ointment application in case of peri-implant skin infections. Prosthetic aftercare was 
scored as need for clip repairs, fabrication of new prostheses, repair of superstructure, 
fabrication of new superstructure, consultation for activation or repair of clips, hygiene 
instructions, and tightening of loose abutments or superstructure. 

Clinical and radiographic assessments
All living patients were recalled for a final clinical assessment in 2014 to score skin reaction 
and peri-implant bone loss. Skin reactions were scored according to the skin reaction scale 
of Tolman and Taylor20 as: (0), no irritation, (1) slight redness, (2) tissue redness and moist 
but no granulation tissue present, (3) tissue redness and moist with granulation tissue 
present, or (4) active infection present requiring removal of abutment.
Rotational radiographs (orthopantomograms) were made at the time of abutment 
connection surgery and during the last follow-up to evaluate the implant-surrounding 
bone height. Peri-implant bone loss was classified according to Geertman et al.28: (0), no 
apparent bone loss, (1) reduction of bone level not exceeding one-third of the length of the 
implant, (2) reduction of bone level exceeding one-third of the length of the implant but 
not exceeding one-half of the length of the implant, (3) reduction of bone level exceeding 
one-half of the length of the implant, (4) total reduction of bone along the implant.
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With regard to prosthetic aftercare in 23 patients with an implant-retained prosthesis, 
65.2% of the patients were in need for (repeated) hygiene instructions and 30.4% of the 
patients needed (repeated) repair of clips (Table 2).
Median time between implant insertion and implant-retained nasal prosthesis placement 
in 23 patients was 6.8 months (IQR 5.5-8.9). In 7 patients only one implant-retained 
prosthesis was made because the patient deceased before a new prosthesis could be made 
(n=3) or because the first prosthesis was still acceptable at time of last follow-up (n=4). In 
total, 47 replacing prostheses were made in the other 16 patients with a median life span 
of these prostheses of 11.6 months (IQR 6.8-15.2) (Figure 4). Main reason for prosthesis 
replacement was discolouration (Table 2). 

Clinical and radiographic assessments
Thirteen patients were available for clinical measurements in 2014 (Table 3). 

Table 3. Implant characteristics of the 13 patients that could be recalled during last follow-up in 2014

Patients
Age at insertion (mean ± SD, range in years) 65.8 ± 9.5 (51.6-83.8)
Gender (n, %):
  female 5
  male 8
Oncologic disease (n, %):
  Squamous cell carcinoma 8 (61.5%)
  Melanoma 2 (15.4%)
  Basal cell carcinoma 1 (7.7%)
  Adenoid cystic carcinoma 1 (7.7%)
  Adenocarcinoma 1 (7.7%)
Follow-up (median, IQR) 39.7 (13.0-62.2)
Edentulous (n, %) 6 (46.2%)
Dentate (n, %) 7 (53.8%)
Patients with implants lost (n, %) 0 (0%)
Radiotherapy (n, %): 10 (76.9%)
  Before implant insertion 9 (69.2%)
  After implant insertion 1 (7.7%)
Rehabilitated patients (n, %) 13 (100%)
Implants 
Number of implants: 26
  7 mm 8 (30.8%)
  10 mm 18 (69.2%)
Lost implants (n, %) 0 (0%)
Insertion during ablative tumour surgery (n, %) 10 (38.5%)
Implants used for prostheses (n, %) 26 (100%)

In total 11 patients had died (5 due to tumour-related disease, 6 non-tumour-related), 
three patients had been lost for follow-up and one patient had residual tumour, without 
involvement of the peri-implant skin, delaying prosthetic rehabilitation. Median follow-up of 

Lost implants (n, %) 2 (3.6%)
Insertion during ablative tumour surgery (n, %) 42 (75.0%)
Implants used for prostheses (n, %) 46 (82.1%)

* Follow-up is defined as time between implant insertion and last follow-up or time between implant insertion and 
patient deceased.

Two implants failed after 13 and 53 months (1x 10 mm, 1x 7 mm, respectively) in two 
patients, one irradiated and one non-irradiated, resulting in an overall implant survival rate 
of 96.4%. In one patient the lost implant was successfully replaced by a new implant. In the 
other patient general anaesthesia in case of implant re-insertion was a high risk procedure 
due to comorbidity. This patient functioned well with a magnet-retained nasal prosthesis on 
the remaining implant. 
In total 10 implants (in 5 patients) were not used for prosthetic rehabilitation, due to death 
of 4 patients (3 tumour-related, 1 non-tumour-related) before the rehabilitation could start 
and due to residual tumour, delaying prosthetic rehabilitation (1 patient). 

Surgical and prosthetic aftercare
With regard to surgical aftercare, subcutaneous tissue reduction was performed in 2 out of 
28 patients (Table 2). No other surgical interventions were needed.

Table 2. Surgical and prosthetic aftercare given and main reasons for replacing implant-retained nasal 
prostheses in all patients until last follow-up

Surgical aftercare (n patients, %) 28
  Thinning skin 2 (7.1%)
  Application ointment 0 (0%)
  Skin graft 0 (0%)
Prosthetic aftercare (n patients, %): 23
  Hygiene instruction 15 (65.2%)
  Repair clips 7 (30.4%)
  Retightening of loose abutments/suprastructure 6 (26.1%)
  Activating clips 5 (21.7%)
  Fabrication new bar 1 (4.3%)
Number of replaced prostheses (n, %): 47
  Reasons:
  Discoloration 35 (74.4%)
  Fit 7 (14.9%)
  Attachment problems of acrylic carrier to silicone 2 (4.3%)
  Rupture of silicone 2 (4.3%)
  Fractured clip carrier 1 (2.1%)

Surgical and prosthetic aftercare
With regard to surgical aftercare, subcutaneous tissue reduction was performed in 2 out of 
28 patients (Table 2). No other surgical interventions were needed.
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Table 3. Implant characteristics of the 13 patients that could be recalled during last follow-up in 2014
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Insertion during ablative tumour surgery (n, %) 42 (75.0%)
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Surgical and prosthetic aftercare
With regard to surgical aftercare, subcutaneous tissue reduction was performed in 2 out of 
28 patients (Table 2). No other surgical interventions were needed.
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  Fractured clip carrier 1 (2.1%)

Surgical and prosthetic aftercare
With regard to surgical aftercare, subcutaneous tissue reduction was performed in 2 out of 
28 patients (Table 2). No other surgical interventions were needed.
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Patients’ satisfaction 
Patients’ satisfaction with the implant-retained nasal prosthesis was high (median of 8.0, 
IQR 8.0-9.0). 

Discussion
Insertion of two endosseous implants in the nasal floor to support nasal prostheses 
according to our protocol is accompanied by a high implant survival rate, hardly any 
surgical aftercare, good peri-implant skin health, negligible peri-implant bone loss and high 
patient’s satisfaction. The average life span of silicone nasal prostheses is limited, however, 
mainly due to discoloration. 
In literature, several factors that might influence survival of implants used for implant-
retained nasal prostheses are mentioned. E.g., a lower implant survival rate was reported in 
the glabella region compared to the nasal floor18,19,22, but comparable survival rates between 
these regions were reported too21,24. Therefore, it is suggested to use intraoral implants 
with a length of at least 7 mm since these implants showed a higher survival rate compared 
with the shorter, craniofacial type implants22,24. Also, the timing of implant insertion in 
the nasal floor, either during the ablative tumour surgery or at a second stage, has been 
reported to affect the implant survival rate. Dings et al. 25 reported an improved success 
rate for implants inserted during the ablative surgery, thus before radiotherapy, while 
others reported that implants placed in irradiated bone are accompanied by a lower survival 
rate18,19,22. In most of the above mentioned studies, patient and implant numbers are limited. 
In the present study, reporting the results of a rather large patient group treated according 
to a standardized protocol of inserting intraoral implants with a length of 7 or 10 mm in 
the nasal floor, very promising results are reported when applying this protocol. Implant 
survival (96.4%) was amongst the highest reported, both in irradiated and non-irradiated 
patients, and this survival rate was also irrespective whether the implants were inserted 
during ablative surgery or thereafter. Since inserting implants during ablative surgery saves 
a considerable amount of time for patients in being rehabilitated with an implant-retained 
prosthesis and our favourable results, we recommend this approach9. 
Planning and insertion of implants in the nasal floor is a complicated procedure when 
the patient has natural teeth in the anterior portion of the maxilla because of the risk of 
damaging the roots of the natural teeth during the surgical procedure for inserting the 
implants. When digitally planning the implants according to the technique of Van der Meer 
et al.27, the implants can be safely inserted in the nasal floor of dentate subjects. 
The median life-span of approximately 1 year for silicone nasal prostheses as observed 
in our study is comparable to the lifespan reported in the (limited) literature on this 
subject1,14,29. In all studies reported thus far, discolouration is the main reason for replacing 
the prosthesis. However, the issue of frequent remakes is clinically less relevant as a remake 
of an implant-retained nasal prosthesis is relatively easy and fast with the use of a mould. 

these 13 patients from implant insertion until final assessment was 39.7 months (IQR 13.0-
62.2). Peri-implant tissues around the implants were healthy in most patients (Table 4). 

Figure 4. Kaplan-Meijer of survival of implant-retained prostheses
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Table 4. Results of clinical and radiographic assessments of 13 patients during last follow-up in 2014

Skin reaction around implants (26 implants, 100%)      
  0 16 (61.5%)
  1 2 (7.7%)
  2 7 (26.9%)
  3 1 (3.8%)
  4 0 (0%)
Peri-implant bone loss (0-4)
  Median time in months between implant insertion- first radiograph (IQR) 3.0 (2.4-4.5)
  Median time in months between implant insertion- radiograph final assessment (IQR) 37.3 (8.5-71.0)
  Median score bone loss first radiograph (IQR) 0.13 (0.00-0.56)
  Median score bone loss final radiograph (IQR) 0.38 (0.19-0.81)

No difference was seen in skin reaction between irradiated and non-irradiated patients 
(Mann-Whitney U test p=0.161). Median time between first radiograph and radiograph 
during final assessment was 37.3 months (IQR 8.5-71.0). No significant difference in 
bone level was observed between first and final radiograph (Wilcoxon signed-rank test 
p=0.084, Table 4). There was no difference in bone level at first and final radiographs 
between irradiated and non-irradiated patients (Mann-Whitney U test p=0.60 and p=0.60, 
respectively, Table 4). The level of peri-implant bone was comparable to the peri-implant 
bone level in patients that deceased before 2014, but of whom sequential radiographs after 
implant insertion were available (n=5; data not shown).
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Discolouration might be related to ingrowth of skin flora30 and pigments in the silicone31. 
Further research on this subject is needed. It also has to be mentioned that we did not 
observe any clip replacements since we started using the macro-dolder clip system in 2011.
No peri-implant skin reactions were seen in the majority of the implants, and when present 
they are usually mild, which is in agreement with the literature that severe soft tissue 
reactions around implants used for implant-retained nasal prostheses are rare1,20,23,24,26. 
Possibly the easy access to implants in the nasal floor, facilitating peri-implant hygiene, and 
thin(ned) skin around the implants contribute to this. 
Peri-implant bone loss was negligible and independent of irradiation. These favourable 
results need to be interpreted with caution, however. In the present study rotational 
panoramic radiographs were used for evaluation of peri-implant bone loss. Although 
rotational panoramic radiographs are widely used in the evaluation of bone around intraoral 
implants; they lack sharpness, distort images and superimpose bony structures of the spine 
and reproducibility is difficult to achieve32. For implants in the nasal floor, no validated 
radiographic evaluation is available to evaluate peri-implant bone loss. The score for bone 
loss used in this study28 can be seen as a rough estimation of the bone level, suitable for 
comparison of relatively large differences. In this study, no large differences in bone loss 
between first and last radiograph and between irradiated and non-irradiated patients were 
seen. 
Patients’ satisfaction was very high, as confirmed by several studies regarding patients with 
implant-retained craniofacial prostheses9,13,14. Whether satisfaction of patients supplied with 
an implant-retained nasal prosthesis differs from satisfaction of surgically reconstructed 
patients is unknown.
In conclusion, insertion of two intraoral implants in the nasal floor according to our 
protocol provides a predictable and reliable treatment option for prosthodontic 
rehabilitation of patients after rhinectomy, given the high implant survival rate, healthy 
condition of the peri-implant tissues and high patients’ satisfaction.
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