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Introduction

Since the introduction of percutaneous endos-

seous implants for use with bone conduction

hearing aids in 1977, implants have also acquired

an important place in the prosthetic rehabilitation

of patients with craniofacial defects (Branemark &

Albrektsson 1982). These, often very distressing,

craniofacial defects may be the result of e.g. con-

genital malformation, trauma and (tumour) sur-

gery. Surgical procedures to reconstruct these

defects may be hampered by a.o. vascular com-

promise of the surgical bed, physical condition of

a patient when multiple surgery is required, and

the aesthetic result that can be achieved by recon-

structive surgical procedures (Roumanas et al. 1994).

In the event that reconstruction with the

patient’s own tissue is uneventful or impossible,

craniofacial prostheses often offer an acceptable

solution, as nowadays lifelike prostheses can be

made of silicones and likewise material (Oort, van et

al. 1994). The applicability of these prostheses is

thought to be increased by the introduction of

endosseous implants to improve its retention,

particulary when compared to conventional fixa-

tion tools like skin adhesives, skin pockets, skin

loops, and glasses (Jacobsson et al. 1992a). The use of

endosseous implants diminishes adhesive related

problems like discolouration and deterioration of

the prosthetic material (Oort, van et al. 1994). The skin

and mucosal surfaces are less subject to mechan-

ical and chemical irritation from intrinsic mechan-

ical retention, adhesives or adhesive solvents (Parel

et al. 1986; Wolfaardt et al. 1993). In addition aesthetics

are enhanced because fine feathered margins are

maintainable, and positioning of an implant

retained craniofacial prosthesis is easier (Parel &

Tjellstrom 1991). Finally, from a clinical point of view,

there are strong indications that an implant

retained craniofacial prosthesis has a positive

impact on the patient’s perceptions of such a

prosthesis. In contrast to a conventional cranio-

facial prosthesis, an implant retained prosthesis

often is not experienced as a prominent foreign

object in the head and neck region and can

improve the quality of life (Wolfaardt et al. 1993; Tolman

& Taylor 1996a; Westin et al. 1999).

The aim of this study was to evaluate the clini-

cal outcome of the use of endosseous implants in

the orbital and auricular region as well as to assess

the satisfaction of patients with implant retained

craniofacial prostheses after tumour surgery.

Materials en methods

Patients
Between 1988-1998, implant retained craniofacial

prostheses for auricular and orbital replacement
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patients in the study received hyperbaric oxygen

therapy.

Surgical procedure and prosthetics
All 26 patients were treated according to a two-

stage surgical procedure (Albrektsson et al. 1987;

Raghoebar et al. 1994). During the first stage the

implants were inserted into the bone surrounding

the area with the craniofacial defect. In all cases

surgical templates were used to assure optimal

implant placement, adequate spacing and proper

angulation. The osseointegration time was three

months for implants inserted in temporal bone

and six months for implants placed in orbital

bone. If post-operative radiation therapy was per-

formed, starting six weeks after the surgery, the

osseointegration time was increased with three

months.

The second stage consisted of thinning of the

subcutaneous tissue, uncovering of the implants

and attachment of the abutments to the implants.

Healing caps were placed over the abutments and

a gauze soaked in Terra-Cortril® (Pfizer Inc., New

York, U.S.A.) ointment was wrapped around the

healing caps to assure good contact between the

skin and the bone and to prevent postoperative

hematoma and swelling. The gauze dressings

were changed weekly for a period of three weeks.

Fabrication of implant retained prostheses was

started three weeks after abutment connection fol-

were made for 26 patients (20 males, 6 females;

mean age 60±15 years; range 23-86 years) treated

for malignancies in the head and neck area. All

patients underwent both tumour surgery and

implant insertion (Brånemark Implants, Nobel-

biocare, Gothenburg, Sweden) at the University

Medical Center Groningen. All patients had worn

their implant retained prostheses for at least 12

months (mean 45±27 months; range 13-130

months).

Twelve patients (N=31 implants) received the

implants during ablative tumour surgery. Of these

12 patients, 7 patients (N=20 implants) were treat-

ed with radiation therapy post-surgery (mean

65±4.65 Gy; range 60-75 Gy). Fourteen patients

(N=44 implants) received the implants after the

tumor surgery. Of latter 14 patients, 5 patients

(N=21 implants) were irradiated after ablative sur-

gery (mean 54.4±15.1 Gy; range 30-66 Gy), but

before implant placement (Table 1). None of the 26

Auricular

Orbital

Total

3
10

9
4

26

Type of prosthesis No. of patients

Table 1. Overview of type of prosthesis, irradiation status and number of fixtures used in the 26 patients 
who received an implant retained craniofacial prosthesis.

Irradiated
Nonirradiated

Irradiated
Nonirradiated

6
20

35
14

75

No. of fixturesIrradiation status
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lowing standard clinical and laboratory procedures

(Tjellstrom 1990). Retention was obtained with a bar-

clip construction (ear prostheses); or magnets

(orbital prostheses) (Fig. 1). Homecare instructions

with regard of maintenance of the prosthesis and

the soft tissues around the implants consisted of

daily use of water and soap, as well as mechanical

cleaning of the abutments and connecting bar with

a soft tooth brush or Superfloss® (Oral B,

Frankfurt am Main, Germany).

Assessment of treatment outcome
In the seven patients who received their implants

before radiotherapy (2 Gy/day, 5 fractions/week)

the aspect of the skin overlying the implants was

daily assessed by the radiotherapist.

After fabrication of the implant retained carnio-

facial prosthesis all patients were on a 6 or 12

months recall schedule. Data on complications

during surgery and postoperative healing (inflam-

mation, wound dehiscence), loss of implants and

elapsed time and quantity of any previous radia-

tion therapy were obtained from the patient

records. In addition all patients were recalled for a

clinical examination and assessment of satisfac-

tion in January 2000. Informed consent was

obtained from all patients with regard to this addi-

tional recall.

The assessed clinical outcome parameters

included health of the peri-implant tissue, implant

hygiene and loss of implants. Health of the peri-

implant tissue was classified according to the fol-

lowing criteria: 0, no irritation; 1, slight redness; 2,

red and moist tissue; 3, granulation, red and moist

tissue; 4, active infection (Holgers et al. 1987). Hygiene

of the implants was recorded as being good, mod-

erate or poor.

Treatment outcome with regard to experiences

of the patients was assessed as follows:

• Prosthesis satisfaction was assessed using a

standardized questionnaire, consisting of eight

items focussing on specific features such as

aesthetics, retention and home care. Each item

was rated on a five point rating scale. The

patient had to indicate to what extent he or she

was (dis)satisfied with his or her craniofacial

prosthesis. 
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Fig. 1. A 52 year-old male patient with an orbital defect as a result of tumour surgery.

1A. Four craniofacial implants with retentive magnets have been placed in the superior

orbital rim.

1B. The implant-retained orbital prosthesis is in situ.
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Auricular
Non-RTX*
Post-Impl RTX*

Total

Orbital
Non-RTX
Pre-Impl RTX*
Post-Impl RTX

Total

Auricular/orbital
Total

Prosthesis No.Impl*

Table 2. Craniofacial implant treatment data.

20
6

26

14
21
14

49

75

Ab.Con *

5(2)
9(0)

7(1)
6(1)
9(3)

7(2)

RTX*

–
64(0)

–
54(15.1)
66(6.5)

–

Time Int.*

–
2(0)

–
137(104)

2(0)

–

No. of 
implants lost

0
1

1

0
2
2

4

5

Follow-up,
mos (SD) 

44(21)
23(14)

39(21)

74(39)
47(25)
31(12)

51(31)

45(27)

Succesrate 
(%)

100   %
83.4%

96.2%

100   %
90.5%
85.7%

91.8%

93.3%

* No.Impl: no. of implants; Ab.Con: mean time between implant placement and abutment connection in months (SD); RTX: 
mean irradiation dose in Gy (SD); Time Int.: mean time interval between irradiation and implant placement in months (SD); 
SD: standard deviation; Non-RTX: nonirradiated; Post-Impl RTX: irradiation after implant placement; 
Pre-Impl RTX: irradiation before implant placement.

Prosthesis

Table 3. Distribution in percentages of answers to the questions about patient satisfaction.

Prosth.
care*

58
42
–
–
–

Skincare*

42
46
12
–
–

Ret.*

77
19
4
–
–

Aesth.*

69
31
–
–
–

Shape*

77
23
–
–
–

Color*

54
35
11
–
–

Marg.*

65
35
–
–
–

Gen.*

69
31
–
–
–

* Gen.: general satisfaction about their craniofacial prosthesis; Marg.: satisfaction about the adaptation of the margins; 
Color: satisfaction about the color of the prosthesis; Shape: satisfaction about the shape of the prosthesis: 
Ret.: satisfaction about the retention of the prosthesis; Aesth.: satisfaction about the aesthetics of the prosthesis; 
Skincare: satisfaction about the maintenance of the skin around the implants; 
Prosth.care: satisfaction about the maintenance of the prosthesis.

Very satisfied
Satisfied
Nor satisfied, nor unsatisfied
Unsatisfied
Very Unsatisfied
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• Functional comfort was assessed in terms 

of pain and discomfort. The patients had to

rate their experienced pain and discomfort on 

a three-point scale (0=often; 1=seldom;

2=never).

• Psychological well-being was assessed in terms

of psychological acceptance of the craniofacial

prosthesis. The patient had to rate 5 items (a.o.

‘do you experience the prosthesis as a part of

your self’ and ‘are you ashamed about your

prosthesis’) on a three-point scale (0=yes;

1=sometimes; 2=no).

• The general quality of life was assessed with the

Linear Analogue Self Assessment (LASA)

method (Andrews & Withey 1976). Patients were

asked to indicate their general quality of life on

a visual analogue scale (10 cm) ranging from

‘the worst possible situation’ (score 0) to ‘the

best possible situation’ (score 10).

• The patients current overall prosthesis satis-

faction was rated on a ten point scale (1-10),

patients who had worn adhesive retained

prostheses, before the implant treatment,

were asked to rate these prostheses retrospec-

tively.

Statistical analyses were performed using the

SPSS for Windows version 10.0.5 (SPSS Inc.,

Chicago, Illinois, USA). A level of significance of

5% was chosen.

Results

In total 75 implants were inserted. The length of

the implants was 3 mm (N=17), 4 mm (N=51), 

7 mm (N=5) and 10 mm (N=2). Implants with a

length of 7 and 10 mm were placed in the inferior

orbital rim or the zygoma. In all cases the available

bone volume was sufficient for reliable insertion

of the implants. Postoperative, no complications

such as infection, wounddehiscence or osteora-

dionecrosis occurred. Also no adverse skin reac-

tions or dehiscences were observed during the

course of radiotherapy in the seven patients who

received their implants before radiotherapy.

All patients were wearing the prostheses during

daytime, 12% of the patients even during the

night. The implant hygiene was good in 77% of the

patients and moderate in 23% of the patients. In

all patients, peri-implant tissues were at least

modestly healthy and no cases of osteora-

dionecrosis had developed. No skin irritation was

observed in 42% of the patients, slight redness in

46% of the patients, and red and moist tissue in

12% of the patients.

The overall implant survival rate was 93.3%

(Table 2). No implants were lost in non-irradiated

patients. Three implants, in three patients, were

lost in the group that received irradiation after

insertion of the implants (85.0%) and two

implants, in one patient, were lost in the group

that had received irradiation before implantation 
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craniofacial prostheses before they received the

treatment with implants. These conventional

prostheses were retrospectively rated with a mean

of 5.6±1.6 (range 3-9), which is significantly lower

compared with the implant retained prostheses

(p<0.001; t=6.88). All patients were willing to

undergo the implant procedure again, if neces-

sary, to be able to wear an implant retained pros-

thesis.

Discussion 

Craniofacial defects can be considered a severe

social disability. Nowadays, the know-how, artistic

skills, materials, and techniques are available to

provide patients who have these defects with life-

like facial prostheses fixed on implants.

Based on its clinical success, craniofacial

implants are now being placed with increasing fre-

quency even in patients who have been irradiated

for oncologic lesions of the head and neck, despite

the well-documented adverse biologic changes

that occur when osseous tissues are exposed to

ionizing radiation. These changes include alter-

ations in the cellular components of bone involv-

ing a significant reduction in the number of viable

osteoblasts and osteocytes, as well as the devel-

opment of areas of fatty degeneration within the

marrow spaces. In addition, the blood vessels

(90.5%), indicating that implant survival is signifi-

cantly lower in irradiated bone (p<0.05).

In table 3 data regarding the satisfaction of the

patients are summarized. Generally, there is a

high degree of satisfaction with the craniofacial

prosthesis. There are no significant differences in

satisfaction between patients with auricular or

orbital prostheses (p>0.05). 

Of the patients, 69% reported no pain at all

and 31% seldom experienced pain. None of the

patients reported frequent or permanent discom-

fort when wearing the prosthesis (35% seldom

discomfort, 65% no discomfort). As can be

derived from table 4 the prostheses are psycho-

logically very well accepted by the patients.

Measurement of the quality of life using the LASA

method resulted in a mean score of 7.4±1.6 (range

2-9). The patients rated their implant retained

craniofacial prostheses 9.0±0.9 (range 8-10).

Fourteen patients had worn adhaesive retained

102

Yes
Sometimes
No

Table 4. Distribution in percentages of answers to the questions about psychologic well-being.

Confidencee

–
12
88

Ashamedd

–
12
88

Hidingc

12
12
77

Remarkb

8
27
65

Parta

81
19
–

a
b
c
d
e

Do you experience your prosthesis as part of yourself?
Do you have the idea that others are noticing your prosthesis?
Are you hiding your prosthesis from others?
Are you ashamed about your prosthesis?
Is your self-confidence hurt by having a prosthesis?
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undergo progressive endarteritis, hyalinization,

and fibrosis, resulting in regional ischaemia

(Granstrom et al. 1993b; Granstrom et al. 1994; Kosmidou et al.

1998). Following such changes, irradiated sites are

presumably at significant risk for tissue necrosis

and integration failure if subjected to implant sur-

gery. Therefore, the appropriateness of using cran-

iofacial implants in the rehabilitation of facial

defects in this population has been questioned. A

number of recent articles have raised concerns by

describing significantly decreased survival rates

when implants were placed in irradiated cranio-

facial bones compared to nonirradiated sites (Parel

& Tjellstrom 1991; Jacobsson et al. 1992b; Granstrom et al. 1994;

Roumanas et al. 1994; Tolman & Taylor 1996a; Nishimura et al.

1998). The present study supports earlier studies

showing increased implant loss in irradiated

patients, particularly in orbital bone. Notwith-

standing the possible risks and disadvantages it

still seems reasonable to rehabilitate irradiated

tumour patients with implants for craniofacial

prostheses. The starting point should be that the

irradiated patients are treated with caution, and

only with a full understanding of the biological

effects of therapeutic irradiation and the possibili-

ty of implant failure in selected areas of the skull

(Wolfaardt & Wilkes 1994). It is also important to be able

to deal with possible complications.

The success rate of implants in irradiated bone

varies between 33% and 96% according to the lit-

erature (Albrektsson et al. 1987; Jacobsson et al. 1988; Parel &

Tjellstrom 1991; Jacobsson et al. 1992b; Wolfaardt et al. 1993;

Granstrom et al. 1994; Roumanas et al. 1994; Tolman & Taylor

1996b; Nishimura et al. 1998). Hyperbaric oxygen (HBO)

therapy can be used to improve the implant suc-

cess rate, according to the literature by 38%

(Granstrom et al. 1994). In our study, however, no

patients received HBO therapy before placement

of the implants. The majority of our patients was

either not irradiated or received their implants

before radiotherapy was initiated.

The quality of bone is always a critical factor in

implant placement (Heo et al. 1998). In accordance

craniofacial implant integration appears to be site-

dependent (Jacobsson et al. 1992b; Granstrom et al. 1994),

particularly irradiated orbital bone has been

reported to be a poor site for craniofacial implant

placement (Roumanas et al.1994). In the present study,

the majority of the implants that were lost had

been placed in the orbital region. In general,

orbital bone is thinner and more dense than auric-

ular bone. This difference in volume and density

could result in irradiation having a more destruc-

tive effect on the vascularity of this site, compro-

mising the potential for osseointegration (Tolman &

Taylor 1996b). In the mastoid region HBO therapy,

before placement of the implants, seems not nec-

essary (Jacobsson et al. 1992b). However in the orbital

region HBO therapy can improve the success

rates of implants (Granstrom et al. 1994).

Often it is possible to place craniofacial

implants in patients with oncologic lesions of the
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up patient visits (Arcuri et al. 1993; Nishimura et al. 1995).

The results of this study, and formerly published

studies, have shown that a proper skin health

(grade 0 and 1) can be achieved, even in irradiat-

ed patients (Albrektsson et al. 1987; Tjellstrom 1990;

Jacobsson et al. 1992a; Granstrom et al. 1994). Furthermore,

no major complications, such as infection, wound

dehiscence or osteoradionecrosis occurred. The

risk of development of osteoradionecrosis in the

mastoid and orbital region, based upon data from

this study and other reports, appears to be very

low (Roumanas et al. 1994; Tolman & Taylor 1996a).

The craniofacial skeleton compromises a large

variety of osseous and soft tissue structures,

which makes the use of craniofacial implants all

the more challenging (Jensen et al. 1992). The advan-

tages for the patients wearing implant retained

prostheses are improved retention, ease of posi-

tioning and wearing comfort. These advantages

are reflected in the high satisfaction data

obtained in this study. From the present study it

also can be concluded that implant retained facial

prostheses are better tolerated than adhesive

retained prostheses and offer an improvement in

the quality of life. In addition, although the 

sample is too small to draw firm conclusions,

radiotherapy most probably has not to be 

considered a contraindication for the use of

osseointegrated implants in the maxillofacial

region, although the loss of implants is higher

than in non-irradiated sites. This higher loss, how-

head and neck during ablative surgery. Especially

when radiotherapy is indicated, the possible

advantages are:

• Initial implant healing (osseointegration) takes

place before irradiation;

• Insertion of implants in a compromised area

can be avoided;

• Earlier prosthetic rehabilitation;

• Surgical intervention in irradiated tissue is 

limited to second stage surgery (abutment 

connection). 

There is, however, general concern among

head and neck surgeons and radiotherapists that

metal implants in the radiation field may, due to

scattering, cause an overdose to the adjacent tis-

sue during the course of radiation therapy. This

could lead to three consequences: (1) a reduced

dose of irradiation to the tumour if it is situated

behind the implants, (2) a possible loss of

osseointegration and implant failure because of a

higher irradiation dose, and (3) an increased risk

of osteoradionecrosis to develop in the bone adja-

cent to the implant (Granstrom et al. 1993b).

Currently, bars using clips for the retention are

favoured for auricular prostheses. In orbital

defects, magnets are used to minimize the

amount of stress delivered to the implants and to

ease the handling of the orbital prosthesis. The

skin around the implants must be cared for regu-

larly by the patients, with daily cleansing com-

bined with adjustments by the clinician at follow-
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ever, seems not to be related to the risk of devel-

opment of osteoradionecrosis (Jacobsson et al. 1992b;

Kosmidou et al. 1998). Insertion of implants imme-

diately after ablative surgery is recommended.
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