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1
Introduction

Surgical treatment of malignancies in the head

and neck region often results in an altered

anatomical situation, which may cause a severe

disturbance in oral functioning. Speech, chewing

(mastication), swallowing and aesthetics are often

impaired due to the loss of oral tissues in tumour

removal and the introduction of foreign tissues as

transplanted flaps. This adverse condition is often

further compromised if postsurgical radiotherapy

is needed. The further deterioration of oral func-

tion is related to oral radiation-induced sequelae,

as reduction of salivary secretion and increased

sensitivity of the oral mucosa can lead to a

decreased load bearing capacity for dentures

(Beumer III et al. 1995; Kwakman et al. 1997a; Visch et al. 2002;

Vissink et al. 2003a). Therefore, from a prosthodontic

point of view, the opportunities to obtain proper

stability and retention for a prosthesis are serious-

ly at risk in head and neck cancer patients after

treatment (Hayter & Cawood 1996; Marker et al. 1997; Misiek

& Chang 1998). Until recently neither reconstructive

surgery nor conventional prosthodontic tech-

niques were capable of successfully addressing

these problems (Sclaroff et al. 1994; Watzinger et al. 1996).

A proper choice of reconstruction techniques in

combination with implant supported or retained

prostheses is generally thought to be of some

benefit in the oral and maxillofacial rehabilitation

of these patients (Zlotolow et al. 1992; Reychler et al. 1996;

Schmelzeisen et al. 1996; Roumanas et al. 1997; Wei et al. 1997;

Gürlek et al. 1998; Misiek & Chang 1998; Urken et al. 1998).

Therefore, the use of implants has been advocated

with increasing frequency for prosthetic support

in patients who have been treated for malignan-

cies in the head and neck region (Marker et al. 1997; Wei

et al. 1997; Gürlek et al. 1998; Weischer & Mohr 2001).

On the one hand, osseointegrated implants

have revolutionized the rehabilitation of head and

neck cancer patients. This revolution has been

realized through improvement of retention and

stability offered to prostheses by the use of

implants. By virtue of this enhanced and more

predictable retention, the gap between mere

reconstruction and true functional rehabilitation

has finally been attained. On the other hand, the

placement of osseointegrated implants in head

and neck cancer patients challenges the knowl-

edge and skills of both the surgeon and the

prosthodontist at the highest level. Today the sur-

geon must consider the surgical placement of tita-

nium endosseous implants in bone that may be

normal native bone, grafted bone, or irradiated

bone. The surgeon must also confront the possi-

bility of placing endosseous implants in bone that

will be radiated at a later stage and in boneparts

different from those of the jaw, such as in the

zygoma, nose, mastoid region and orbits. In the

latter cases the implants are used in support of

11



Objectives of this study

The general aim of this study was to gain insight

into the effects of maxillofacial rehabilitation in

head and neck cancer patients using implant-

retained prostheses regarding treatment plan-

ning, implant survival, treatment outcome and

quality of life. This can finally contribute to

improved rehabilitation of patients with head and

neck cancer. The specific aims were:

• to provide an overview of the literature regard-

ing the treatment outcome of the use of

implants for oral rehabilitation of the edentu-

lous mandible within the scope of the oncology

treatment in the lower region of the oral cavity

and to give a rationale for treatment planning

(chapter 2). This overview provided a basis for

subsequent studies;

• to develop a technique enabling simultaneous

performance of a mandibulotomy and insertion

of endosseous implants and to evaluate the

treatment outcome of such a technique (chap-

ter 3). As successful prosthodontic rehabilita-

tion after surgery of oral and oropharyngeal

tumours needs to start with treatment plan-

ning early in the pre-ablative stage, it was an

important consideration whether implants

might be of benefit for oral rehabilitation in the

given situation, particularly when radiotherapy

is or might be indicated. This approach is

based on the assumption that when radio-

craniofacial prostheses, which are used to reha-

bilitate patients with extra oral defects resulting

from tumor surgery (Oort, van et al. 1994). Moreover,

the surgeon has to deal with implants that require

skin or mucosa grafting to make them useful. A

risk evaluation on post treatment morbidity relat-

ed to irradiation injury like less protection of the

oral surfaces because of lack of saliva, the shift in

oral flora (amongst others more yeasts) and the

development of osteoradionecrosis has to be

taken into account. The prosthodontist, in turn,

must deal with tissues with reduced propriocep-

tion, scar tissue, reduced salivary secretion,

uneven alveolar ridge heights, and implants that

emerge through nonnative tissues such as flaps

and skin grafts (Marx & Morales 1998).

The results of treatment strategies for cancer are

commonly expressed by the patients’ disease-free

or overall survival, and likewise implant therapy is

often evaluated by scoring implant survival.

Although this data is of paramount importance for

the comparison of different treatment regimes, it

provides no information about treatment-specific

problems or long-term sequelae for the patients.

The need for more detailed outcome focused

research has raised the issue of measuring the

quality of life of cancer patients by assessing their

functional status as well as their physical, social

and emotional well-being through self-adminis-

tered questionnaires (Schliephake & Jamil 2002). These

topics will be adressed in this thesis. 
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1
therapy is needed there are advantages in

placing implants during the ablative surgery;  

• to assess the quality of life related to oral func-

tioning in edentulous head and neck cancer

patients following oncology treatment of malig-

nancies in the lower region of the oral cavity

with a combination of surgery and radiotherapy

(chapter 4). In order to measure the effects of

implant therapy on quality of life and functional

outcome there was a strong need to get insight

into the oral status of patients not being treat-

ed with implant-retained mandibular prosthe-

ses. In addition, this study was designed to get

insight into the instruments that might be use-

ful to measure the quality of life and effects of

oral rehabilitation in head and neck cancer

patients. The questionnaires were used in the

studies described in chapters 5 and 6; 

• to prospectively evaluate the treatment out-

come (condition of peri-implant tissues,

implant survival, oral functioning) and impact

on quality of life of prosthodontic rehabilitation

with implant-retained prostheses in head and

neck cancer patients (chapter 5). As implant

surgery at irradiated sites bears the significant

risk of developing soft and hard tissue necro-

sis, and the potential loss of implants, it was

thought to be reasonable to place implants

prior to postoperative radiotherapy, preferably

simultaneously with ablative surgery. The treat-

ment outcome also was related to those in con-

ventionally treated patients (chapter 4) apply-

ing the same instruments for measuring quali-

ty of life and effects of oral rehabilitation; 

• to prospectively assess the effect of hyperbaric

oxygen (HBO) therapy on treatment outcome

(condition of peri-implant tissues, implant sur-

vival, oral functioning and quality of life) of

prosthodontic rehabilitation with implant-

retained lower dentures in irradiated head and

neck cancer patients (chapter 6). This study

was performed, because there was no consen-

sus or sound evidence in the literature con-

cerning the benefit of HBO to improve osseoin-

tegration of dental implants in mandibles, to

reduce the loss of implants and to minimize

the risk of developing osteoradionecrosis in

patients who have been treated with radio-

therapy following cancer treatment. The out-

comes of this study increased the knowledge

concerning the usefulness of HBO in implant

treatment of irradiated head and neck cancer

patients;

• to evaluate retrospectively the clinical 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 tumor

surgery (chapter 7). 

13
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Introduction

Surgical treatment of malignancies involving the

oral cavity often results in an altered anatomical

situation, which may severely hamper oral func-

tioning. Surgical treatment is often combined with

radiotherapy, which further worsens oral function-

ing. Amongst others salivary secretion is reduced,

and speech, chewing (mastication), swallowing

and aesthetics are in general impaired (Zlotolow et al.

1992; Mounsey & Boyd 1994; Hayter & Cawood 1996; Kwakman et

al. 1997a; Roumanas et al. 1997; Reintsema et al. 1998; Visch et al.

2002; Vissink et al. 2003a; Vissink et al. 2003b). Due to the

changed intra-oral conditions the possibilities to

obtain proper stability and retention of a

mandibular prosthesis are seriously at risk

(Buchbinder et al. 1989; Hayter & Cawood 1996; Marker et al.

1997; Misiek & Chang 1998; Reintsema et al. 1998). For exam-

ple, particularly after radiotherapy, the load-bear-

ing capacity of both the native and reconstructed

tissues is compromised (Buchbinder et al. 1989; Judy et al.

1991; Weischer et al. 1996; Visch et al. 2002).

Until recently neither reconstructive surgery

nor conventional prosthodontic techniques were

capable to address these problems successfully

(Sclaroff et al. 1994; Watzinger et al. 1996). A proper choice

of reconstruction techniques in combination with

implant supported or retained prosthodontics

probably can attribute to better functional results

in the oral rehabilitation of these patients

(Buchbinder et al. 1989; Zlotolow et al. 1992; Franzen et al. 1995;

Reychler et al. 1996; Schmelzeisen et al. 1996; McGhee et al. 1997;

Roumanas et al. 1997; Wei et al. 1997; Gürlek et al. 1998; Misiek &

Chang 1998; Urken et al. 1998; Granstrom et al. 1999; Weischer &

Mohr 2001; Schultes et al. 2002). As a first effect,

implants are used with increasing frequency for

prosthetic support in patients who are treated for

malignancies in the lower region of the oral cavity

(Judy et al. 1991; Razavi et al. 1995; Marker et al. 1997; McGhee et

al. 1997; Reintsema et al. 1998; Weischer & Mohr 2001). This

includes reconstruction of the mandible and

insertion of implants in patients who have been

treated with radiotherapy, in spite of the well-doc-

umented adverse biologic changes that occur

when soft and osseous tissues have been exposed

to ionising radiation (Jacobsson et al. 1985; Taylor &

Worthington 1993; Keller et al. 1997a; McGhee et al. 1997; Wang et

al. 1998; Visch et al. 2002; Vissink et al. 2003a; Vissink et al.

2003b).

Irradiated sites are thought to be at significant

risk for tissue necrosis and loss of implants, if

subjected to implant surgery (Granstrom et al. 1992a).

Thus, the appropriateness of using implants in

irradiated patients has been seriously questioned

(Granstrom et al. 1999). Because of the radiation haz-

ards mentioned, it might be reasonable to place

implants prior to postoperative radiotherapy,

preferably simultaneously with ablative surgery

(Sclaroff et al. 1994; Razavi et al. 1995; Kwakman et al. 1997a; Marx

& Morales 1998).
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Placement of implants during
ablative tumour surgery

Pre ablative treatment planning
Prosthodontic rehabilitation of an edentulous

oncology patient should not be limited to the

post-treatment stage, but has to be considered

already in the planning of the cancer treatment. It

should be an integral part of the treatment plan of

a particular patient and drawn up in full co-opera-

tion with the other members of the head and neck

oncology team (Judy et al. 1991; Sclaroff et al. 1994; Razavi et

al. 1995; Chan et al. 1997; Reintsema et al. 1998).

The oral status has to be recorded including

the patient’s history of functioning with his pros-

theses. Prostheses have to be checked for fit, sta-

bility, retention and occlusion. Special attention

and experience of the prosthodontist is needed to

estimate the possible effects of the chosen surgi-

cal and (or) radiotherapeutic treatment on post-

treatment oral functioning. Especially the effects

on the neutral zone (the dynamic space between

the lips, the cheeks and the tongue that is avail-

able for a prosthesis) and the possible deviation of

the mandible after surgery have to be taken into

account (Razavi et al. 1995; Reintsema et al. 1998). 

The head and neck oncology team decides on

the appropriate oncological treatment. This treat-

ment is based on the characteristics of the tumour

(clinical classification, pathology and imaging),

the estimated size of the defect after ablative sur-

In this paper the literature regarding the treat-

ment outcome of the use of implants for oral reha-

bilitation in edentulous patients within the scope

of the oncological treatment in the lower region of

the oral cavity is reviewed and a rationale for treat-

ment planning is given.

Methods

The human studies published in international

English language peer reviewed literature regard-

ing the treatment outcome of the use of implants

for oral rehabilitation in edentulous patients after

ablative tumour surgery in the lower region of the

oral cavity are reviewed. The search terms includ-

ed head and neck neoplasm’s, dental implants,

radiotherapy, hyperbaric oxygen therapy (HBO)

and edentulous mandible. Publications presented

in abstract form were ignored and case reports

were excluded. Due to differences in experimental

set-up and (or) methodological shortcomings, it

was not possible to execute a meta-analysis

including a sufficient number of studies. In many

studies a rather low number of patients is

described.
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gery, the type of surgical reconstruction to be used

to close the defect and to restore function, and the

possible need for radiotherapy (Martin et al. 1994).

Intra-oral defects caused by ablative surgery of

malignancies in the lower region of the oral cavity

mostly require a surgical reconstruction with soft

tissue flaps without a need for bony reconstruc-

tion. Main problems of most soft tissue flaps are

their bulky volume and absence of intrinsic mobil-

ity, which can severely restrict the neutral zone

and thus complicate functioning of a mandibular

prosthesis. In case of smaller tumours primary

closure of the defect often can be achieved. Even

this can result in a diminished mobility of the

tongue, which may rise problems with e.g. speech

(articulation) and swallowing, and again a restrict-

ed neutral zone due to loss of sulcular depth

(Kwakman et al. 1997b). In case of loss of mandibular

continuity, primary bony reconstruction of the

defect is strongly preferred to restore function and

to prevent soft tissue collapse (Urken et al. 1991a;

Zlotolow et al. 1992; Navarro-Vila et al. 1996; Keller et al. 1997a;

Urken et al. 1998). Unfortunately, this can not always

be realised, mostly due to patient related factors

like advanced vascular disease or poor general

health.

Therefore, before ablative surgery is performed,

it has to be assessed whether implants might be

of benefit for oral rehabilitation in the given situa-

tion.

Considerations regarding placement of
implants during ablative surgery
Especially when it is likely that postoperative

radiotherapy is indicated, some authors advice to

insert implants immediately following the ablative

procedure in the same session (Figs. 1,2) (Urken et al.

1989; Sclaroff et al. 1994; Kwakman et al. 1997a; Marx & Morales

1998; Mericske-Stern et al. 1999). The major advantages

of implant placement during ablative surgery

reported in literature include (Sclaroff et al. 1994; Wei et

al. 1997; Urken et al. 1991a):

• Initial implant healing (osseointegration) takes

place before irradiation;

19

Fig. 1. A 50-years old male patient with a T2N1 squamous cell carcinoma of the tongue. The

patient underwent wide local excision of the tumour and a unilateral supra-omohyoid

neck dissection. The surgical defect was reconstructed with a free radial forearm flap.

Four implants were inserted simultaneously with the ablative procedure. Six weeks after

ablative surgery, a fractionated radiotherapy scheme was started up to a cumulative 

dose of 64 Gy.

1A. Orthopantomogram 1.5 years after ablative surgery showing four implants and the 

suprastructure.

1B. Clinical view 1.5 years after ablative surgery showing the implants and suprastructure.

Note the healthy aspect of the peri-implant tissues.

A B



• The patient can benefit from the support of the

implants in an earlier stage after treatment.

Among others this support is important for the

rehabilitation of speech and swallowing;

• The patient is saved from another surgical

intervention;

• There is no need for adjunctive HBO therapy.

A prerequisite of successful implant placement

and prosthetic rehabilitation is proper handling of

the soft tissues. Tension free closure of the surgi-

cal defect, either by primary closure or vascu-

larised (free) flaps, has to be achieved to minimise

the risk on development of dehiscence of bone

near the implants (Haughey et al. 1994). A dehiscence

may lead to improper implant healing and even to

loss of the implants (Esser & Wagner 1997). Attention

has also to be paid to mobility of the oral tissues

to warrant proper functioning as impeded mobili-

ty of the oral tissues compromises the function of

even the best prosthetic rehabilitation (Urken et al.

1991b). 

A major disadvantage of immediate implant

insertion concerns the risk of improper implant

positioning when ablative surgery will result in

gross alterations in the anatomical situation

and/or intermaxillary relationship, e.g. after

mandibular continuity resections. Improperly posi-

tioned implants impair the prosthodontic treat-

ment and can sometimes even not be used in the

prosthodontic rehabilitation of a patient (Martin et al.

• Implant-surgery in a due to radiotherapy com-

promised area is avoided thus reducing the risk

of late complications, such as development of

osteoradionecrosis;

20

Fig. 2. A 54 years old female with a T4N0 squamous cell carcinoma of the mandibular gingiva.

The patient was treated with wide local excision of the tumour, including a continuity

resection of the mandible, and a unilateral modified radical neck dissection. The

continuity of the mandible was restored with a free vascularized fibular transplant.

Simultaneously four implants were inserted in the ventral part of the mandible. After six

weeks the patient was subjected to a fractionated radiotherapy schedule up to a

cumulative dose of 70 Gy.

2A. Orthopantomogram showing the situation before ablative surgery. The tumour did not

invade the mandibular bone.

2B. Orthopantomogram 2 years after ablative surgery. The continuity of the mandible was

restored with a fibular transplant. The four implants were inserted per ablationem. 

2C. Clinical view showing the implants and suprastructure.

A B

C
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1994; Sclaroff et al. 1994; Schmelzeisen et al. 1996; Roumanas et

al. 1997; Gürlek et al. 1998; Werkmeister et al. 1999). As a rule

it is better to refrain from implantation during abla-

tive surgery when proper positioning is doubted. 

Other disadvantages include the risk of inter-

ference with or delay of the oncological therapy,

including radiation therapy, and the development

of post-treatment complications caused by the

implantation during ablative surgery (Sclaroff et al.

1994). These disadvantages are assessed to be of

minor importance, especially when compared to

the high risk on harmful tissue reactions to be

encountered in case of implantation after radio-

therapy (Granstrom et al. 1994). In addition, a two-

stage technique is advocated to minimise the risk

on early post ablative complications as then the

implants are covered by mucosa during radiation

therapy (Granstrom et al . 1993b). Finally, by using mul-

tiple radiation fields backscatter doses can be

minimised and are of minor concern (Mian et al. 1987;

Wang et al. 1998).

The last disadvantage of implantation during

ablative surgery to be mentioned is the risk that

inserted implants will not be used due to early

tumour recurrence. This disadvantage is of minor

importance because of the low morbidity of

implant treatment in the lower jaw. Therefore, if

there is a fair chance that these patients may ben-

efit from an improved quality of life related to an

implant supported prosthesis, it is recommended

to also consider this procedure in advanced

tumour cases that will be treated with curative

intent. 

Number of implants and healing time
According to the literature in patients with malig-

nancies involving the lower region of the oral cavi-

ty a minimum of four implants is needed to

achieve maximal implant support for the prosthe-

sis and to relieve the vulnerable underlying soft-tis-

sues, especially after radiotherapy (Weischer et al. 1996;

Roumanas et al. 1997). Like in non-oncological cases, in

non-irradiated head and neck cancer patients abut-

ment connection can be performed after 3 months.

If the patient has received irradiation in the implant

region it is advised to wait 6 months after the

implant placement before the abutment connec-

tion (Esser & Wagner 1997; Jisander et al. 1997; Larsen 1997).

This way the implants are given some extra time

for osseointegration and the early soft-tissue radia-

tion effects will be resolved at the time of abutment

connection (Hayter & Cawood 1996). It is questionable,

however, whether the implants need this extra time

since most of the osseointegration has taken place

before the start of radiotherapy (Sclaroff et al. 1994; Marx

& Morales 1998; Raghoebar et al. 2003b). The optimal head

and neck oncology treatment related healing time

of implants before loading is still in need of further

research. By contrast, there is consensus that

prosthodontic rehabilitation can start two weeks

after abutment connection. 
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contour of the maxillary prosthesis (Martin et al. 1994).

To improve the mobility of the tongue a surgical

release procedure (Steinhauser) can be consid-

ered (Kwakman et al. 1997b), but especially in the irra-

diated patient, the vascularity of flaps should not

be jeopardised. Furthermore, due to reconstruc-

tion with bulky flaps as well as primary closure of

defects the neutral zone can be severely compro-

mised (Reintsema et al. 1998; Chandu et al. 2002).

Many patients suffer from a reduced salivary

secretion after irradiation, resulting in difficulties

with amongst others chewing, swallowing and

speech (Vissink et al. 2003a; Vissink et al. 2003b). The vul-

nerability of the atrophic oral mucosa, another

effect of irradiation, is enhanced by the absence of

the protective layer of saliva. Prosthetic loading of

this atrophic mucosa is often not well tolerated,

especially when the mandibular prosthesis is not

stable (Hotz 1996; Wei et al. 1997; Marx & Morales 1998;

Chiapasco 1999). 

Considerations regarding placement of
implants after ablative surgery
From the literature, it can be derived that implant-

retained mandibular overdentures can strongly

reduce the problems with stability and retention of

a denture and relief the underlying soft tissues,

particularly if the occlusal load is beared by the

implants (Roumanas et al. 1997; Weischer & Mohr 2001;

Raghoebar et al. 2000). As in the ‘non-oncological’

Placement of implants after
ablative tumour surgery

Post ablative treatment planning
Edentulous patients who have completed their

oncological treatment for oral cancer often expe-

rience great trouble with prosthodontic rehabilita-

tion (Watzinger et al. 1996; Esser & Wagner 1997). Problems

often encountered are an impaired function of the

tongue, change in volume of the tongue, and lack

of motor and sensory innervation (Urken et al. 1991b;

Jacob et al. 1992; Zlotolow et al. 1992). The decreased

mobility of the oral tissues may give rise to prob-

lems with food control and transportation during

chewing and swallowing and cause decreased

intelligibility of speech. These problems are wors-

ened if the sensibility in the defect region is lost

too (Schmelzeisen et al. 1996). An increase of the verti-

cal dimension by introduction of a mandibular

prosthesis even might lead to more severe com-

plaints, because the tongue might have lost its

ability to get in contact with the palate (Martin et al.

1994). This may impair speech and swallowing.

Also control of the foodbolus by the tongue during

chewing is restricted (Jacob et al. 1992; Zlotolow et al. 1992;

Martin et al. 1994). Therefore some patients do not

wear their mandibular prosthesis during eating as

they experience eating without prosthesis less

troublesome.

It has been reported that these problems can

be solved to some extent by lowering of the palatal
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patient, the bone in the interforaminal area of the

mandible is available for implant insertion, as is

the bone above the alveolar nerve in the posterior

mandible when minimal resorption of the alveolar

bone has occurred (Marker et al. 1997; Visch et al. 2002). If

due to the ablative procedure (e.g. partial

mandibulectomy) the alveolar bone has been de-

nervated, the whole height of the remaining part

of the mandible on the affected site can be used

for implant placement (Keller et al. 1997a). Also, bone

transplanted to restore mandibular continuity can

be used for implant restoration (Fig. 3) (Urken et al.

1991b; Marx et al. 1996; Keller et al. 1997a; Marker et al. 1997).

Patients who underwent a partial mandibulec-

tomy without bony reconstruction might need a

secondary reconstruction before implantation in

the defect site can be considered to be a proper

option (Keller et al. 1997a; Misiek & Chang 1998). In some

cases, the soft tissues have been surgically recon-

structed and continuity has been re-established

with a reconstruction plate or a bone graft with an

insufficient volume (e.g. costal grafts) for reliable

implant placement. Another often encountered

problem in these patients is the lack of soft tis-

sues and scar formation in the area needed to

cover a bone graft. This lack of soft tissues bears

the increased risk of wound dehiscence following

reconstruction and thus the increased risk on loss

of grafted bone (Marx et al. 1996; Watzinger et al. 1996). In

patients not treated with radiotherapy in the area
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Fig. 3. A 64 years old female with a T4N0 squamous cell carcinoma of the mandibular gingiva.

The patient was treated with wide local excision of the tumour, including a continuity

resection of the mandible, and bilateral supra-omohyoid neck dissection. The continuity

of the mandible was restored with a free vascularized fibular transplant. Six weeks after

the ablative procedure the patient received fractionated radiotherapy up to a cumulative

dose of 60 Gy. After three years five implants were inserted in the neo-mandible (fibula).

This procedure was performed using antibiotic prophylaxis, but without HBO. Shortly

after abutment connection two implants were lost.

3A. Orthopantomogram before ablative surgery. Osteolysis of mandibular bone in the

symphyseal region is clearly visible.

3B. Orthopantomogram three years after ablative surgery. The continuity of the mandible was

restored with a fibular transplant.

3C. Orthopantomogram 1.5 years after insertion of the implants showing the three remaining

implants and the suprastructure.

3D. Clinical view showing the implants and suprastructure. 
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tion (Taylor & Worthington 1993; Marx 1994; Chan et al. 1997;

Kovacs 1998; Chiapasco 1999). Occasionally the free

mucosa or skin present around the implants is

replaced by palatal mucosal grafts (Martin et al. 1992;

Beumer III et al. 1995; Ali et al. 1997; Chan et al. 1997; Wei et al.

1997). When two-stage implants are used a second

operative procedure in irradiated tissue is neces-

sary. 

The use of oral implants in irradiated tissue is

not considered to be contra-indicated, although it

has been reported that the risk on implant failure

is increased with losses up to 35% (mean 13,6%,

range 0-36%) (Albrektsson 1988; Buchbinder et al. 1989;

Urken et al. 1991b; Granstrom et al. 1993a; Taylor & Worthington

1993; Ueda et al. 1993; Barber et al. 1995; Franzen et al. 1995;

Eckert et al. 1996; Watzinger et al. 1996; Ali et al. 1997; Arcuri et al.

1997; Chan et al. 1997; Esser & Wagner 1997; Jisander et al. 1997;

Keller et al. 1997a; Marker et al. 1997; McGhee et al. 1997;

Andersson 1998; Brogniez et al. 1998; Marx & Morales 1998; Niimi

et al. 1998; Betz et al. 1999; Mericske-Stern 1999; Weischer &

Mohr 1999; Werkmeister et al. 1999; Goto et al. 2002; Schultes et

al. 2002; Visch et al. 2002). In non-irradiated mandibles

the implant survival rate is, in most studies, at

least 90% (mean 96,1%, range 74,8-100%)

(Batenburg et al. 1998a; Kovacs 2000). 

Handling of irradiated tissues
General agreement exists about the obligatory use

of a gentle surgical technique with minimal reflec-

tion of periosteum and the use of peri-operative

to be reconstructed, free bone grafts, e.g. from the

iliac crest, have been shown to be a good option.

In irradiated patients, however, free grafts have to

be avoided because of the risk of development of

osteoradionecrosis (Barber et al. 1995; Marx et al. 1996). In

these patients vascularised free flaps (fibula,

scapula or ilium) or a “Marx procedure” (free

bone graft in a crib with pre- and postoperative

HBO) have to be considered (Urken et al. 1991b; Martin

et al. 1992; Haughey et al. 1994; Moscoso et al. 1994; Barber et al.

1995; Marx et al. 1996; Navarro-Vila et al. 1996). The bulky

volume of vascularised (free) flaps not uncom-

monly interferes with functioning of an (implant-

retained) overdenture. Therefore, there is often a

need for correction of grafted tissues during

implant insertion or abutment connection. 

After any form of re-establishment of continuity

of the mandible, fabrication of a prosthetic set-up

followed by a surgical template is recommended

for planning of the proper location and angulation

of the implants (Martin et al. 1994; Chan et al. 1997;

Roumanas et al. 1997; Marx & Morales 1998). Improperly

positioned or angulated implants impair the

prosthodontic treatment and can sometimes even

not be used in the prosthodontic rehabilitation of

such a patient (Schmelzeisen et al. 1996; Roumanas et al.

1997). The presence of oral mucosa surrounding

the implants is preferred to skin(grafts), because

more problems of peri-implant skin tissue are

encountered in comparison to mucosal tissue,

both during healing and after abutment connec-
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antibiotics to prevent wound healing disturbances

(Granstrom et al. 1992a; Taylor & Worthington 1993; Larsen 1997).

Additional measures to prevent implant loss or

development of osteoradionecrosis, such as a pre-

treatment with HBO, have to be considered. HBO

treatment claims to permanently improve the vas-

cularisation of the bone and is assumed to have a

positive effect on osseointegration of the implants

(Granstrom 1992b; Granstrom et al. 1993a; Johnsson et al. 1999).

Preferably one-stage implants are used, thus avoid-

ing the need of a second surgical procedure (abut-

ment connection) and a second period of HBO.

The negative effects of radiation on osseointe-

gration have been reported to depend on the loca-

tion of implants, and the dose and fractionation of

radiotherapy (Granstrom et al. 1992a; Jisander et al. 1997;

Esposito et al. 1998). In general, doses over 40 to 50 Gy

are thought to significantly impair the healing

capacity of the bone with an inherent increase of

the risk on complications when performing sur-

gery (Aitasalo 1986; Beumer III 1995). Therefore, for

implant placement after radiation therapy at intra-

oral sites being treated with total doses exceeding

50 Gy, the use of HBO for prevention of late com-

plications has to be taken in consideration (Taylor &

Worthington 1993; Beumer III 1995; Jisander et al. 1997; Chiapasco

1999). The real value and necessity of the HBO

treatment in such cases still has to be proven in

prospective clinical studies, however (Keller 1997b;

Andersson et al. 1998; Coulthard et al. 2002). Timing of the

implantation procedure with regard to the effects

of irradiation on jawbone remains inconclusive.

There are reports about an improvement in the

bone healing capacity over a 12-months period fol-

lowing irradiation (Jacobsson et al. 1985), while others

report a continuously progressive loss of capillar-

ies in the mandible following irradiation (Marx &

Johnson 1987). In agreement with the study of Marx is

the study of Granström reporting the longer the

period between irradiation and implantation the

higher the risk on implant loss (Granstrom et al. 1994).

Latter authors recommend implant insertion in a

so called “window” between 1 to 6 months after

radiation therapy (Marx & Johnson 1987; Granstrom et al.

1994). In this period the early radiation effects are

resolved and long-term vascular changes asso-

ciated with cancericidal radiation treatment may

not have taken place. Also the bone is still rela-

tively well vascularised. 

Number of implants and healing time
In irradiated patients a minimum of four implants

is recommended. These implants should be

placed in optimally spaced locations for the best

possible spread of occlusal loading (Martin et al. 1994;

Weischer et al. 1996). When no radiotherapy is applied

and lack of stabilisation of the mandibular pros-

thesis is the only problem encountered an

implant-mucosal borne prosthesis, i.e. a mandi-

bular overdenture supported by two implants, can

be sufficient to restore function (Batenburg et al.
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Proposed treatment regimen

As described in the previous paragraphs, in eden-

tulous patients the loss of hard and soft tissues

after ablative surgery of tumours of the mandible,

tongue or floor of the mouth might create severe

problems in oral functioning. These problems

often cannot be restored with conventional surgi-

cal or prosthodontic techniques. Radiation thera-

py worsens this situation and makes rehabilitation

even more difficult. Implantology offers the oppor-

tunity to improve the oral rehabilitation of these

patients by stabilisation of the prosthesis. An

implant-supported prosthetic construction dimin-

ishes pain and may thus enhance the ability to

regain essential functions such as speech, chew-

ing and swallowing. Part of the compromised oral

functioning is not prosthesis driven, however, but

related to other effects of the cancer treatment

including a lack of motor and sensory innervation

of the oral tissues and hyposalivation. Therefore, a

thorough consideration of the possible advan-

tages and disadvantages is essential in the pre-

operative stage.

For optimal treatment planning both maxillo-

facial prosthodontists and implant surgeons

should be members of the multidisciplinary head

and neck oncology team. Nowadays the applica-

tion of implants is considered for all edentulous

patients with a malignancy in the lower region of

the oral cavity (Fig. 4). It is an integral part of the

1998a). After implant placement in irradiated sites

in the mandible it generally is advised to wait 4-6

months before the abutment connection to allow

the implants for some extra time for osseointegra-

tion (Taylor & Worthington 1993; Esser & Wagner 1997; Jisander

et al. 1997; Larsen 1997; Marker et al. 1997; Marx & Morales 1998;

Wagner et al. 1998). 
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Pre-Surgical Evaluation

(Expected) Prosthetic Problems

Implant Surgery per Ablationem

Radiotherapy No Radiotherapy

6 Months 3 Months

Abutment Connection Abutment Connection

Fig. 4. Decision-making process for implant insertion in the mandible per ablationem.
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care for the head and neck oncology patient. If

post-operative radiation therapy might be part of

the treatment plan, implants are inserted during

ablative surgery if possible. Only if the oncological

resection includes more than half of the symphy-

seal region no implants are inserted because of

the grossly altered anatomical situation and inter-

maxillary relationship. This may lead to improper

positioning and angulation of the implants in the

reconstructed bone. In these cases, for the goal of

secondary implant insertion and maximum

chances for rehabilitation of function, the continu-

ity of the mandible should be restored immediate-

ly, preferably with vascularised bone of sufficient

quantity to insert implants in a later stage.

In case of implant placement after fractionated

radiotherapy with cumulative doses exceeding 40

to 50 Gy the application of HBO treatment before

implant insertion must be considered for preven-

tion of late complications, such as the develop-

ment of osteoradionecrosis (Fig. 5). With regard to

timing of the implant insertion after radiotherapy

no evidence-based recommendations can be

given due to lack of scientific evidence. Since most

recurrences of oral malignancies manifest itself

within one year after initial oncological treatment

it may be prudent to wait at least one year with

secondary implant placement.
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Evaluation if the Patient can benefit 
from Dental Implants

Evaluation of Soft and Hard Tissues

Correction and/or Reconstruction 
Soft/Hard Tissues

3-4 Months

Implant Insertion with Antibiotic Prophylaxis 
either with or without HBO

6 Months

Abutment Connection

Fig. 5. Decision-making process for insertion of implants in the mandible after radiotherapy.



Epilogue

This review shows that there are still shortcom-

ings in scientific evidence about the timing of

implant insertion with regard to radiation therapy

and about the indications and potential benefit of

preventive HBO therapy. Future research should

address these issues.

There is a strong tendency towards implant

insertion during ablative surgery in order to pre-

vent surgery in irradiated tissue and to shorten the

time for functional rehabilitation of the head and

neck cancer patient. Implant placement during

ablative surgery is doubted in case of loss of con-

tinuity of the mandible, even if the continuity of

the mandible is restored with a bone transplant.

As a rule it is better to refrain from implant place-

ment during ablative surgery when proper posi-

tioning is doubted. 

One has to keep in mind that an implant-sup-

ported prosthesis is not a guarantee for uncom-

promised oral function post treatment, but it is

considered a significant factor contributing to the

well being of these patients.
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tive surgery has a number of advantages (Schoen et

al. 2001). These advantages include initial implant

healing before irradiation, avoidance of insertion

of implants in a compromised area, earlier pros-

thetic rehabilitation, and limitation of surgical

intervention in irradiated tissue to second stage

surgery (abutment connection).

Sangiacomo reported a technique to reduce the

osteotomy site created by a median mandibuloto-

my with a fixed mandibular implant, but to the

best of our knowledge no reports are available in

the literature combining a mandibulotomy with

the insertion of dental implants in this area

(Sangiacomo et al. 1992). Insertion of dental implants in

the edentulous mandible to provide retention for

prosthodontic constructions has been shown to

improve oral function and is experienced as very

beneficial by patients (Raghoebar et al. 2000).

Introduction

To achieve adequate access for intra-oral or

oropharyngeal tumour ablation a mandibulotomy

can be useful. Because of the wide access a

mandibulotomy affords, this procedure may be

used to approach lesions in various regions in the

oral cavity and oropharynx that otherwise are diffi-

cult to reach (Spiro et al. 1981). Particularly when a

tumour is located in the dorsal part of the floor of

the mouth, the base of the tongue, the pterygo-

mandibular region, the posterior pharyngeal wall

or the deep lobe of the parotid gland this

approach has to be taken into consideration.

In (partially) edentulous patients a mandibulo-

tomy may interfere with the insertion of dental

implants in the ventral part of the mandible during

the same procedure. Especially when post-opera-

tive radiation therapy is or might become indicat-

ed insertion of endosseous implants during abla-
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1
2
3
4
5

Primary tumourPatient 
no.

Stage

Table 1. Patient characteristics regarding age, gender, site of primary tumour (all squamous cell carcinoma), staging, 
cumulative radiation dose (RTX dose), type of reconstruction and duration in months of follow-up postsurgically.

49
69
48
52
52

Base of tongue
Oropharynx
Floor of mouth
Base of tongue
Oropharynx 

T3N1 
T3N2b
T4N1
T3N1
T3N0

RTX dose
(Gy)

60
64
64
60 
60

Follow-up
(months)

40
13
30*
22
21

Reconstruction

Free radial forearm flap
Free radial forearm flap
Free radial forearm flap
Free radial forearm flap
Free radial forearm flap

Age

F
M
M
F
M

Gender

* patient lost to follow-up because of death caused by local recurrent tumour growth.



Therefore, the aim of this paper was to develop a

technique enabling simultaneous performance of

a mandibulotomy and insertion of endosseous

implants and to evaluate the treatment outcome

of such a technique.

Materials and Methods

Patients
Five edentulous patients (3 men, 2 women; mean

age 54 years; range 48-69 years) who were sched-

uled for a mandibulotomy to gain access for

removal of a squamous cell carcinoma in the oral

cavity or oropharynx were included in this study

(Table 1). All patients suffered from reduced stabil-

ity and insufficient retention of their lower denture

(Fig. 1A, 1B). The patients were pre-surgical

screened by an experienced prosthodontist who

revealed an indication for insertion of dental

implants because of expected problems with the

prosthetic rehabilitation after oncologic treat-

ment. The mean edentulous period was 15 years

(range 2-30 years). After surgery and obtaining the

final pathology assessments all patients had to be

scheduled for radiation therapy, which was started

within six weeks after surgery (Table 1).
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Fig 1. A 52 years old male patient with a T3N0 squamous cell carcinoma of the right 

oropharynx. The patient also suffered from a reduced stability and insufficient retention 

of the lower denture. Treatment consisted of a wide local excision, including a marginal

resection of the right mandible, a right-sided supraomohyoidal neck dissection and

reconstruction of the surgical defect with a free radial forearm flap. This procedure was 

combined with the insertion of four dental implants in the interforaminal region.

Radiotherapy was started 6 weeks after surgery (cumulative dose, 60 Gy).

1A. Preoperative intra-oral view showing a reduced mandibular height.

1B. Preoperative panoramic radiograph showing a reduced mandibular height.

1C. Intraoperative view just before restoring the continuity of the mandible. The guide pins

are inserted as help for proper alignment of the osteotomy sites.

1D. Intraoperative view after restoring the continuity of the mandible with the prepared 

miniplates and screws. Four implants are inserted. The fixture mounts are still in place.
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Surgical Techniques

Mandibulotomy

A lower lip-splitting incision was performed in the

midline and extended in a vertical direction to a

point beneath the chin, a technique that causes

minimal damage to the nerve and blood supply of

the lip (McGregor & MacDonald 1983; Gooris et al. 1989).

Because of the labiomental fold the inferior exten-

sion of the vertical lip incision was carried around

the chin button in a curved fashion thus partly fol-

lowing this groove, a variation leading up to satis-

factory cosmetic results (McGregor & MacDonald 1983).

The nature and extent of the soft-tissue dissection

varied depending on the location and extension of

the tumour being treated. The intra-oral extension

of the incision crossed the alveolar ridge in the

midline and ran laterally in the floor of the mouth.

This allowed for detachment of the genial and

mylohyoid musculature so that the hemimandible

could be reflected laterally after the submandibular

region had been dissected. The submandibular dis-

section was in continuation with the submandibu-

lar segment of the McFee neck dissection incision.

Subsequently, an incision was made on top of

the alveolar crest. This allowed for reflection of the

mucoperiosteum on the buccal and lingual side of

the ventral part of the mandible. Next the first step

of the implantology procedure was performed (Fig.

2A, for details see the implant surgery section).

After completion of the initial drilling the preferred

osteotomy line was determined and marked on the

ventral part of the mandible with a fissure bur (Fig.

2A). Two osteosyntheses miniplates were adapted

to the jaw, taking into account the position of the

guide pins, and the holes for inserting the most 

lateral osteosynthesis screws were drilled (Fig. 2A).
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1E. Panoramic radiograph 1 month after surgery showing both osteosyntheses and the four

implants. Because of close proximity of the tumour to the bone also a marginal resection

of the right mandible was performed.

1F. Intraoral view 12 months after surgery showing the abutments and suprastructure

installed on the implants.

1G. Mandibular overdenture with three clip attachments.

1H. Panoramic radiograph six months after loading. No peri-implant bone loss was observed.

The osteotomy site is still clearly visible. 

E
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After removal of the guide pins a stepped

osteotomy of the mandible was performed with a

thin disposable reciprocating saw after which the

hemimandible was reflected laterally to achieve

adequate access for ablative surgery and possibly

reconstructive procedures (Fig. 2B). After tumour

surgery and reconstruction of the surgical defect

applying the prepared miniplates and screws does

fixation of the osteotomized bone, and the second

step of the implantology procedure (for details see

the implant surgery section) was started. The

guide pins used during the implant surgery can be

of help for proper alignment of the osteotomy

sites (Fig. 1C). 

Implant surgery

With the pilot drill of the implant system the, from

a prosthetically point of view, desired number of

holes was drilled at the appropriate location,

depth and angulation, taking the relationship of

the lower and upper jaw into account. An equal

distance between the four implants was pursued

and the most lateral implants were placed at least

five mm medially of the mental foramen. When

four dental implants are indicated, like in all our

patients, the mental foramina have to be identi-

fied to minimise the risk on development of sen-

sory disturbances. Guide pins were used to

enhance adequate alignment and spacing. At this

stage, i.e. preceding the osteotomy, the wider

drills were not yet used. 

Subsequently, i.e. after completion of the

mandibulotomy procedure and fixating the osteo-

tomy site with the osteosynthesis miniplates 

(Fig. 2C), the implant holes were widened using the

appropriate drills. Because before performing the

mandibulotomy only a pilot drill was used minor

misalignments of the fixed osteotomized parts

still can be corrected using the wider drills of the

implant system chosen. After tapping of the holes

the implants were installed into the bone (Fig. 1D,

2D). Finally the cover screws were placed. 

Prosthodontics
After the healing period (6 months after irradia-

tion) and abutment connection, the patients

received a mandibular overdenture retained by a

round bar and clip attachments (Fig. 1F, 1G).

Evaluation
Complications during surgery and the postoperative

healing period (inflammation, wound dehiscence,

sequestration, osteoradionecrosis) as well as loss of

implants were recorded. During radiotherapy 

(2 Gray(Gy)/day, 5 fractions/week, cumulative dose

60-64 Gy) the aspect of the mucosa overlying the

implants was assessed daily by the radiotherapist.

At the scheduled times of evaluation (6 weeks, 

6 months and 12 months post-loading) the plaque

index (Mombelli et al. 1987), bleeding index (Mombelli et al.
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sites of each implant (mesially, labially, distally and

lingually) using a periodontal probe (Merrit-B, 

Hu-Friedy, Chicago, U.S.A.). The mobility was exam-

ined by using the periotest® (Siemens, Bensheim,

Germany). Sensory changes of the skin were exam-

1987) and gingiva index (Sillnes & Löe 1964) were recor-

ded, and a percussion test was performed. 

A high percussion sound scored 0, and a dull per-

cussion sound scored 1. The pocket probing depth

(PPD) was measured after removal of the bar at four
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Fig 2. Schematic drawing of combined implant insertion and mandibulotomy (tumour located

at the right-hand side). The horizontal part of the osteotomy is planned in the body of

the mandible and the caudal vertical osteotomy ventral of the mental foramen and dorsal

of the attachment of the anterior belly of the digastric muscle. The horizontal osteotomy

line has to be parallel to the inferior border of the mandible. Both anterior bellies of the

digastric muscles are in the same segment.

2A. Diagram showing the guide pins needed for

proper alignment and spacing of the implants

to be inserted in the ventral part of the

mandible (the initial drilling for the implant

system chosen has been completed only), and

the temporary adapted miniplates with the

drilled screw holes (the most lateral ones have

been drilled only). The planned osteotomy line

is marked in red.

2B. Diagram showing the situation after comple-

tion of the osteotomy. In this case depicted the

right part of the mandible can be reflected 

laterally.

2C. Diagram showing the restored continuity of the

mandible by applying the prepared miniplates

and screws. If applicable the guide pins can be

replaced before applying the miniplates as a

check for proper alignment of the osteotomy

sites.

2D. Diagram showing the final result after insertion

of the implants and placement of the cover

screws.
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oped in the mucosa overlying the cranial mini-

plate that resolved after removal of the miniplate. 

No adverse mucosal reactions or dehiscences

were observed during the course of radiotherapy.

No cases of osteoradionecrosis had developed

and no implants were lost.

Follow-up 
At the last moment of evaluation yet, all patients

had been followed for at least 12 months after

insertion of the implants (range 12-40 months; 20

implants). One patient was lost to follow-up after

13 months (Table 1). The 16 implants still available

for evaluation were in function and without any

signs of mobility and all patients were fully satis-

fied with their implant-supported prostheses. The

scores reported below all are based on the six

months post-loading data as all patients com-

pleted this evaluation period. In the patients that

were followed for a longer period of time already,

there was no tendency that notable changes had

occurred when comparing to the six months data.

The mean plaque index was 0.8±0.8, no abundant

amount of plaque was found in any patient. The

mean bleeding index was 1.3±0.7; in none of the

patients profuse bleeding after probing was

observed. At most slight inflammation of the gin-

gival was detected; the mean gingival index was

0.1±0.3. The probing depth varied from 1 to 8 mm

(mean 3.3±1.5). A dull sound as a result of the per-

ined by carefully touching the lip and chin regions of

the patient with a cotton pellet in predefined areas. 

Panoramic radiographs were made 6, 12, 18

and 24 months after implant insertion (Fig. 1H).

Peri-implant bone loss was classified according to

a 4-point rating scale: 0=no apparent bone loss;

1=reduction of the bone level not exceeding more

than one third of the implant length; 2=reduction

of the bone level exceeding one third of the

implant length but not exceeding half of the

implant length; and 3=reduction of the bone level

exceeding half of the implant length. 

Results

Surgical procedure
In total 20 dental implants (Brånemark implants,

Nobel Biocare, Göteborg, Sweden) were inserted

in the interforaminal region of the mandible. The

length of the implants was 8x18mm, 8x15mm and

4x10mm. During surgery no complications

occurred with respect to the combination of

implant insertion and mandibulotomy, particular-

ly no contact between the implants and the

osteosynthesis screws was noted. In one patient

unilateral hypoesthesia of the mental nerve was

observed related to a, contemporarily performed,

marginal resection of the mandible. Two weeks

after surgery, in one patient a dehiscence devel-
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cussion test was noted in none of the patients.

The mean Periotest value was –3.5±2.7. A peri-

implant bone loss score of 1 was observed around

2 implants in one patient. No apparent bone loss

was observed around the other 14 implants. On all

panoramic radiographs the osteotomy site

remains clearly visible, probably due to a reduced

healing capacity of the bone after the start of

radiation therapy (Fig. 1H). With exception of the

already mentioned case of unilateral hypoesthesia

of the mental nerve, no other cases of sensory dis-

turbances developed during the follow up. All

patients were satisfied and functioned well with

their prostheses.

Discussion

Successful prosthodontic rehabilitation after sur-

gery of oral and oropharyngeal tumours needs to

start with treatment planning early in the pre-abla-

tive stage and in full co-operation with the other

members of the head and neck oncology team

(Reintsema et al. 1998). An important consideration

that has to be assessed by this team is whether

implants might be of benefit for oral rehabilitation

in the given situation. Particularly when radiother-

apy is or might be indicated putting in the

implants during the ablative surgery could be

advantageous as outlined in the introduction

(Schoen et al. 2001). The risks of interference with or

delay of the oncologic therapy, including radiation

therapy, as well as the development of posttreat-

ment complications caused by the implantation

during ablative surgery are disadvantages but are

assessed to be of minor importance, especially

when compared to implantation after irradiation

(Granstrom et al. 1994). To minimise these risks the use

of two-stage implants is advocated. Another dis-

advantage of this procedure may be the risk that

patients with a poor prognosis possibly will not

benefit from their implants and prosthetic rehabil-

itation due to early tumour recurrence. This disad-

vantage is of minor importance because of the low

(extra) morbidity of this procedure and the fair

change that the patient even may have benefited

from an implant supported prosthetic rehabilita-

tion in case of an early tumour recurrence.

By combining the ablative procedure with the

insertion of dental implants the oncologic treat-

ment is not prolonged, the usual six weeks healing

period after the ablative procedure before the

onset of radiation therapy is used for initial

implant healing.

A stepped osteotomy is preferred because of

preservation of attachment of the genioglossus,

geniohyoid, and the anterior belly of the digastric

muscle to the lingual side of the mandible (Gooris et

al. 1989). Also a stepped osteotomy is preferred

because restoration of the mandibular continuity

can be done accurate and reliable with miniplates
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and monocortical screw fixation. In this way the

screws of the miniplates will not interfere with the

implants.

From this study it is concluded that, when fol-

lowing the technique described, a mandibulotomy

can be combined safely with the insertion of

implants in the ventral part of the edentulous

mandible.
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Introduction

Surgical treatment of malignancies involving the

oral cavity often results in an altered anatomical

situation, which may cause a severe disturbance

in oral functioning. Adjuvant radiotherapy further

deteriorates the oral condition, which is reflected

by amongst others a reduced salivary secretion

and its related sequelae as impairment of speech,

chewing (mastication) and swallowing (Zlotolow et

al. 1992; Mounsey & Boyd 1994; Hayter & Cawood 1996; Kwakman

et al. 1997a; Roumanas et al. 1997; Visch et al. 2002; Vissink et al.

2003a; Vissink et al. 2003b). As a consequence, the pos-

sibilities to obtain proper stability and retention of

a mandibular prosthesis are seriously at risk

(Buchbinder et al. 1989; Hayter & Cawood 1996; Marker et al.

1997; Misiek & Chang 1998). In addition, particularly

after radiotherapy, the load-bearing capacity of

both the native and reconstructed tissues is com-

promised (Buchbinder et al. 1989; Judy et al. 1991; Weischer et

al. 1996; Visch et al. 2002). Moreover, ill-function of the

mandibular prosthesis not uncommonly causes

an increase of the above mentioned problems

(Weischer et al. 1996).

Until recently neither reconstructive surgery

nor conventional prosthodontic techniques were

capable to address the denture related problems

successfully (Sclaroff et al. 1994; Watzinger et al. 1996). A

proper choice of reconstruction techniques in

combination with implant supported or retained

prostheses probably can attribute to improvement

of the oral rehabilitation of these patients

(Buchbinder et al. 1989; Zlotolow et al. 1992; Franzen et al. 1995;

Reychler et al. 1996; Schmelzeisen et al. 1996; McGhee et al. 1997;

Roumanas et al. 1997; Wei et al. 1997; Gürlek et al. 1998; Misiek &

Chang 1998; Urken et al. 1998; Granstrom et al. 1999; Weischer &

Mohr 2001; Schultes et al. 2002). Therefore, the use of

implants is advocated with increasing frequency

for prosthetic support in patients who are treated

for malignancies in the lower region of the oral

cavity (Judy et al. 1991; Razavi et al. 1995; Marker et al. 1997;

McGhee et al. 1997; Weischer & Mohr 2001).

However, it is questionable whether head and

neck oncology patients do fully appreciate the

benefits of oral rehabilitation, aimed for improve-

ment of oral functioning, as an important aspect

to improve their quality of life(QoL) in general. In

a recent consensus report on oral and facial reha-

bilitation was stated; “quality of life in oral and

facial rehabilitation is largely unresearched. There

is an apparent need to develop and employ spe-

cific instruments for the assessment of quality of

life in oral and facial rehabilitation” (Cawood &

Stoelinga 2006). The need for additional instruments

for more detailed outcome measurements has

brought up the issue of measuring the QoL of

cancer patients by assessing not only their func-

tional status but as well their physical, social and

emotional well-being through self-administered

questionnaires (Rogers et al. 1999; Schliephake & Jamil
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treatment of malignancies in the lower region of

the oral cavity with a combination of surgery and

radiotherapy. All patients had been treated with

non-implant retained conventional dentures.

Materials & Methods

The patient records were reviewed of all patients

who had presented themselves between January

1990 and December 2000 to the Departments of

Oral and Maxillofacial Surgery and Ear, Nose and

Throat disease at the University Hospital Gro-

ningen and the department of Oral and Maxillo-

facial Surgery at the Medical Centre Leeuwarden,

the Netherlands, because of a malignancy of the

head and neck. From the records the following data

were obtained: tumour diagnosis and TNM classi-

fication, location of the tumour, the specific treat-

ment of the tumour and irradiation dosage. 

All patients treated with a combination of sur-

gery and radiotherapy for a squamous cell carci-

noma in the lower region of the oral cavity (squa-

mous cell carcinoma of tongue, floor of the

mouth, mandibular gingiva, buccal mucosa or

oropharynx), and who were edentulous in the

mandible and alive without signs of recurrence of

disease at the time of this survey received a

mailed letter of introduction, with information

about the study and an invitation for a clinical

2002). During recent years, a variety of instruments

for the assessment of QoL has been developed

and applied in cancer patients, particularly in

patients with head and neck cancer (Schipper et al.

1984; Aaronson et al. 1988; Trotti et al. 1988; Bjordal & Kaasa 1992;

Ware et al. 1992; Bjordal et al. 1994; Gliklich et al. 1997; Hodder et

al. 1997). It is now accepted that ‘quality of life’ is a

multi-dimensional concept and this is reflected in

the breadth of QoL questionnaires. There are four

main categories of questionnaires that need to be

considered in patients with oral cancer: global,

general cancer, head and neck specific, and per-

formance. Global or generic questionnaires (e.g.

Hospital Anxiety Depression scale, General

Health Questionnaire, Short Form 36) tend to deal

with physical, psychological and social function-

ing and can be applied to any disease group or a

normal population. The general cancer question-

naires (e.g. EORTC QLQ-C30) apply to any malig-

nant disease and focus on symptoms and the side

effects of treatment. Head and neck specific ques-

tionnaires (e.g. EORTC H&N35, UW-QOL) are an

addition intended to measure specific complica-

tions, side effects and functional problems of par-

ticular importance in head and neck cancer.

Performance questionnaires (e.g. EORTC H&N35,

OHIP, GARS-D) are specific to an assessment of

oral function (Rogers et al. 1999).

In this paper an assessment is made of the

QoL related to oral functioning in edentulous

head and neck cancer patients following oncology
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check-up at the hospital. All patients were

screened by a maxillofacial surgeon (PJS) and an

experienced prosthodontist (HR). During this

visit, a thorough, standardized anamnesis was

taken, a clinical assessment was made and the

patients were asked to fill out some question-

naires. The anamneses focussed on oral functions

(speech, swallowing, chewing), patients’ comfort

with wearing the denture, the wishes of the

patients to improve oral functioning and denture

comfort if needed. The clinical assessment includ-

ed a thorough assessment of dental status, oral

condition and prosthetic rehabilitation. Attention

was paid to the depth of the buccal vestibule, level

of muscular activity, neutral zone, deviation of the

mandible, mobility of the tongue in relation to oral

functioning, sensibility of the lip and chin as expe-

rienced by the patient, and wetness of the oral

mucosa. The prosthetic problems related to lack

of stability and retention of the lower denture were

evaluated in rest and during function. After the

clinical assessments, patients were requested to

complete questionnaires regarding oral function-

ing and quality of life as well as questionnaires

regarding denture satisfaction and the impact of

denture related problems on social activities. 

• Quality of Life was assessed using the core

questionnaire (EORTC QLQ-C30) and the head

and neck module (EORTC H&N35) of the

European Organization for Research and

Treatment of Cancer (EORTC) (Aaronson et al. 1988;

Bjordal et al. 1994). All scores ranged from 0-100.

With regard to the functional scales of the

EORTC QLQ-C30, higher scores meant higher

quality of life and better results. In the symp-

tom scales and the single-item scales of the

EORTC QLQ-C30, higher levels represent high-

er degrees of problems caused by the symp-

tom, so that the best result in these scales was

a score of 0. In the head and neck module final-

ly higher scores represent higher degrees of

problems and good results show low scores.

• The psychological, physical and social impact

of oral disorders was assessed using the Oral

Health Impact Profile (OHIP) questionnaire

comprising of six multi-item scales (Slade &

Spencer 1994; Allen & Locker 1997). Responses on each

item ranged from ‘very often’ (score 4) to

‘never’ (score 0). Adding the scores results in a

total score per scale; a high score means a high

impact on the aspect concerned. In addition

the OHIP-14 (14 items, range 0-56), a short

form of the original OHIP-49 measuring the

overall-impact of dental problems, was used

(Slade 1997).

• The general quality of life was assessed with the

Linear Analogue Self Assessment method

(LASA, 1 item version)(Andrews & Withey 1976). The

patients were asked to indicate their general

quality of life on a bar with a length of 10 cm,

with the left extreme position indicating ‘the

worst possible situation’ (a score of 0) and on
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• Subjective Chewing Ability was assessed by

using a 9-item questionnaire on which the

patient could rate on a 3-point scale her/his

ability to chew different kinds of food (Stellingsma

et al. 2005).

• The impact of denture problems on social

activities, such as going out, and contacting

and visiting people, was assessed with the

Groningen Activity Restriction Scale Dentistry

(GARS-D) (Bouma et al. 1997). GARS-D is an 

11-item scale yielding a score ranging from 

0-22; the higher the score, the larger the impact

on social activities.

The data were evaluated using the Statistical

Package Social Sciences (SPSS, version 11.5 for

Windows, SPSS Inc., Chicago, USA). Because the

data was not normally distributed, a non paramet-

ric test was used; the Mann-Whitney U test was

used when comparing sub-groups. Differences

between sub-groups were stated as significant if

p<0.05.

Results

Patients
In total 84 patients fulfilled the inclusion criteria

and were invited for a clinical check-up at the hos-

pital. Seventeen of these patients did not want to

participate in this study (non response rate 20.2%)

the right extreme ‘the best possible situation’

(a score of 10).

• Denture Satisfaction was assessed using a

validated questionnaire consisting of eight sep-

arate items focusing on the function of upper

and lower dentures, and on specific features

such as esthetics, retention and functional

comfort (Vervoorn et al. 1988). Each item was pre-

sented with a five point rating scale on which

the patient indicated the extent he or she was

(dis)satisfied. A high score indicated more dis-

satisfaction.

• Overall Denture Satisfaction was expressed on

a 10-point rating scale (0-10), ‘0’ being com-

pletely dissatisfied, ‘10’ being completely satis-

fied.
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Gender

Mandibular resection

Mandibular reconstruction

Soft tissues

Table 1. Characteristics of the included patients.

 (39-87)

(55%)
(45%)

(37%)
(12%)
(15%)
(36%)

(54%)
(4%)

(42%)

(40%)
(8%)

(21%)
(31%)

63.5 ± 10.1 

37
30

25
8

10
24

13
1

10

27
5

14
21

 

Male
Female

No resection
Mandibulotomy
Rim
Segment

No reconstruction
Reconstruction plate
Free flap

Primary closure
Skin graft
Pedicled flap
Free flap

Age (years)
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tulous in the lower jaw for an average of 25.0±16.4

years (range 1-56 years), and most patients were

wearing their second lower denture (range 1-10;

median 2) which on average was 5.4±7.3 years old.

Eleven patients had become edentulous as part of

the oncology treatment. Almost half of the

patients wore their mandibular prosthesis never

(N=29) or at most a few hours a day for cosmetic

reasons (N=4) (Table 3). Insufficient retention of

the mandibular prosthesis was noted in 55% of

the patients and diminished stability in 23% of the

patients. Related to the tumour surgery, the

patients had been subjected to, high scores were

for several reasons, predominantly because of poor

general health (N=7) and travel distance (N=5).

Thus 67 patients, 37 men and 30 women (mean age

63.5±10.1 years; range 39-87 years), participated in

this study (Table 1). The mean cumulative dose of

irradiation to the oral region was 61.8±5.4 Gy (range

50-70 Gy). The mean follow-up between end of

radiotherapy and the clinical check-up was 4.5±2.9

years (range 1-10 years). Staging of the squamous

cell carcinomas (all primary tumours) was done

according to the TNM classification (Table 2). The

tumours were predominantly staged as larger

tumours (T2-T4) which required major local sur-

gery. The tumours were located in the tongue

(N=20), floor of mouth (N=19), mandibular gingiva

(N=19) and oropharynx (N=9). Twentyfour out of

the 67 patients had underwent a mandibular conti-

nuity resection. In 11 out of these 24 patients the

mandibular continuity resection was reconstructed

with a composite free vascularized flap (N=10) or

reconstruction plate (N=1). Furthermore, mandibu-

lar rim resection was performed in 10 patients and

8 patients had underwent a mandibulotomy

(mandibular swing procedure). Defects of the soft

tissues were mainly managed by primary closure

(N=27) or with free flaps (N=21).

Clinical assessments
All patients were edentulous in the lower jaw and

all but two also in the upper jaw. They were eden-
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T1
T2
T3
T4

Total

Table 2. Staging of the squamous cell carcinomas according to TNM.

 

3
11
3
17

34

N0  

–
5
7
5

17

N1  

–
1
1
2

4

N2a  

2
4
2
3

11

N2b  

–
1
–
–

1

N2c  

5
22
13
27

67

Total

Day and night
Only during the day
A few hours a day
Never

Table 3. Number of patients wearing their prostheses.

  

20
25
5
15

Upper Jaw  
(N=65) 

 

4
30
4
29

Lower Jaw  
(N=67) 



gery and/or radiotherapy, so that no improvement

of oral function was to be expected from any treat-

ment directed on only creating more stability of the

mandibular denture. Especially impaired tongue

function was leading in that judgment. Of the 

44 patients who could possibly benefit from mak-

ing an implant-retained mandibular denture, 

22 patients were wearing their denture for at least a

few hours a day. The other 22 patients did not wear

a conventional prosthesis due to lack of retention

related to an unfavorable anatomic condition.

Functional assessments and quality of life
The results on functional assessments and quality

of life were analyzed with regard to size of the pri-

mary tumour, location of the primary tumour and

different treatment regimes (Table 5 & 6). No sig-

nificant differences between the subgroups could

be demonstrated. Whether the surgical treatment

of the malignancy included a continuity resection

or no bone resection at all did not make any dif-

ference in the way the patients experienced func-

tioning after oncology treatment. Moreover,

despite being treated for cancer, the patients

reported a rather good general quality of life on

the EORTC quality of life function scale and the

Linear Analogue Self Assessment (LASA) scale.

The mean overall denture satisfaction score was

5.5. Half of the patients (N=33) rated their pros-

thesis as dissatisfying. The group of patients who

observed on negative prosthetic factors, like com-

promised neutral zone and surgically compro-

mised buccal vestibule (Table 4). Patients reported

their complaints to be located in the lower jaw

(86%), the upper jaw (3%) or a combination of

upper and lower jaw (11%). The complaints were

reported to be caused by surgery (8%), radiother-

apy (8%), prosthesis (7%) or as a result of a com-

bination of the above mentioned reasons (76%).

According to 89% of the patients the complaints

had developed after tumour treatment (particular-

ly after radiotherapy), while 11% reported the com-

plaints as already pre-existent before oncological

therapy; especially due to ill-functioning of their

lower dentures. 

From the clinical assessments, it was concluded

that in 44 of the 67 patients (66%) a beneficial

effect could be expected from making an implant-

retained mandibular denture and that little or no

improvement could be expected from making a

new set of conventional dentures. In the other 

23 patients oral functioning (speech, chewing,

swallowing) was severely impaired due to the sur-
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Surgically compromised buccal vestibule
Disturbed sensibility lip / chin
Mandibular deviation (due to surgery)
Xerostomia
Compromised neutral zone

Table 4. Factors influencing (dys)function of the mandibular prosthesis.

  

58
31
16
48
57

Yes  

9
36
51
19
10

No 
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QLQ-C30
Global health status /quality of life
Physical functioning
Role functioning
Emotional functioning
Cognitive functioning
Social functioning
Fatigue
Nausea and vomiting
Pain
Dyspnoe
Insomnia
Appetite loss
Constipation
Diarrhoea
Financial difficulties

H&N35
HN Pain
HN Swallowing
HN Senses
HN Speech
HN Social eating
HN Social contact
HN Sexuality
HN Teeth
HN Opening mouth
HN Dry mouth
HN Sticky saliva
HN Coughed
HN Felt ill
HN Pain killers
HN Nutritional supp.
HN Feeding tube
HN Weight loss
HN Weight gain
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Table 5. EORTC QLQ-C30 and H&N35 data when comparing different treatment regimes.

All
N=67

NCR*
N=43

CR*
N=24

RC*
N=11

NC*
N=13

MR*
N=10

MS*
N=8

NB*
N=25

* NCR: no continuity resection; CR: continuity resection; RC: restored continuity; NC: continuity not restored; MR: marginal mandibular resection; 
MS: mandibular swing; NB: no bone surgery.

78.1
79.1
79.7
84.6
85.1
87.4
21.9
2.3

13.6
11.3
15.4
12.8
3.6
6.2

11.8

15.2
25.2
23.3
17.9
35.0
11.1
23.4
29.9
31.8
57.4
40.6
19.5
6.8

33.8
33.8
10.8
18.5
20.0

19.5
20.4
27.9
19.8
20.0
23.6
24.1
7.7

21.8
20.6
26.4
24.1
12.0
16.6
27.3

17.6
21.2
27.1
21.8
29.4
19.1
36.0
36.5
35.6
38.9
37.8
27.6
18.0
47.7
47.7
31.2
39.1
40.3

77.0
76.8
75.8
85.5
87.3
87.7
23.5
2.8

17.5
14.3
14.3
13.5
2.4
7.1
8.7

16.3
24.3
24.2
18.8
35.5
9.6

22.4
29.8
34.9
60.3
39.8
22.2
7.3

38.1
31.0
7.1

19.0
11.9

18.6
20.5
28.3
17.6
16.8
23.3
23.0
9.0

25.0
22.3
24.6
24.5
8.7

18.8
22.2

18.1
19.4
26.1
22.0
28.7
17.4
35.9
34.5
34.5
37.0
36.7
29.1
19.0
49.2
46.8
26.1
39.7
32.8

80.1
83.2
87.0
83.0
81.2
87.0
18.8
1.4
6.5
5.8

17.4
11.6
5.8
4.3

17.4

13.0
26.9
21.7
16.4
34.1
13.9
25.4
30.2
26.1
52.2
42.0
14.5
5.8

26.1
39.1
17.4
17.4
34.8

21.3
20.0
26.1
23.8
24.8
24.6
26.0
4.8

12.0
16.4
29.9
23.8
16.4
11.5
34.6

16.6
24.7
29.5
21.7
31.4
21.8
36.9
40.7
37.5
42.4
40.5
24.3
16.4
44.9
49.9
38.8
38.8
48.7

80.8
88.0
88.3
82.5
81.7
95.0
16.7
0.0
1.7
3.3

13.3
10.0
0.0
0.0

10.0

11.7
15.7
26.7
13.3
31.7
8.7

20.0
25.0
36.7
46.7
26.7
10.0
6.7

30.0
40.0
10.0
20.0
30.0

24.9
17.4
27.3
30.0
29.9
15.8
30.2
0.0
5.3

10.5
32.2
31.6
0.0
0.0

31.6

17.2
19.3
34.4
20.8
34.0
13.7
32.2

.38.8
42.9
47.7
37.8
16.1
21.1
48.3
51.6
31.6
42.2
48.3

79.5
79.5
85.9
83.3
80.8
80.8
20.5
2.6

10.3
7.7

20.5
12.8
10.3
7.7

23.1

14.1
34.6
17.9
18.8
35.9
17.9
29.5
33.3
17.9
56.4
53.8
17.9
5.1

23.1
38.5
23.1
15.4
38.5

19.1
21.7
26.2
18.9
21.4
28.7
23.5
6.3

14.5
20.0
29.0
25.6
21.0
14.6
37.0

16.8
25.7
25.9
22.9
30.5
26.3
40.9
43.0
32.2
39.4
39.8
29.2
12.5
43.9
50.6
43.9
37.6
50.6

75.7
73.9
86.1
87.5
83.3
86.1
25.0
5.6

27.8
16.7
8.3

13.9
0.0
8.3
5.6

15.3
15.5
9.7

17.6
29.9
6.3

22.2
25.9
38.9
61.1
42.4
30.6

9.1
33.3
16.7
16.7
16.7
8.3

21.5
21.2
21.1
15.3
21.3
25.5
21.8
14.8
29.6
22.5
15.1
30.0
0.0

28.9
13.0

17.0
11.0
16.6
20.9
20.9
13.6
38.5
32.4
37.2
27.8
33.6
36.1
21.6
49.2
38.9
38.9
38.9
28.9

79.2
85.0
75.0
87.5
95.8
85.4
12.5
0.0
6.3
8.3

16.7
4.2
0.0
4.2

20.8

9.4
31.3
41.7
20.8
32.3
8.3

18.8
20.8
37.5
54.2
37.5
12.5
0.0

25.0
25.0
0.0
0.0

25.0

14.1
15.8
34.5
20.4
7.7

35.0
13.8
0.0

17.7
23.6
25.2
11.8
0.0

11.8
35.4

10.4
20.8
32.1
22.6
32.6
21.0
35.0
30.5
37.5
43.4
45.2
24.8
0.0

46.3
46.3
0.0
0.0

46.3

77.7
77.3
74.0
85.7
88.0
90.7
25.3
2.0

14.0
13.3
17.3
14.7
4.0
6.7
8.0

17.1
24.8
23.3
18.2
36.3
10.4
20.8
30.6
28.0
58.7
34.7
18.7
8.0

40.0
36.0
4.0

24.0
8.0

18.4
21.0
28.9
17.9
15.6
16.7
24.7
5.5

22.4
21.5
27.4
23.7
11.1
13.6
19.9

20.3
20.8
24.1
22.2
30.9
17.6
34.8
36.7
32.9
38.8
36.6
25.6
19.9
50.0
49.0
20.0
43.6
27.7



for denture satisfaction, chewing, functional limi-

tation, physical pain and physical disability where-

by patients who could benefit from implant

retained dentures showed worse results on the

above mentioned items (Table 7 & 8).

Discussion 

Surgical treatment of malignancies in the oral 

cavity and subsequent radiotherapy often result in

wore their mandibular prosthesis on a regular

basis were compared to the patients who did not

wear their prosthesis or used it only for cosmetic

reasons. In this comparison many significant dif-

ferences were observed, especially on the ques-

tions regarding the social impact of oral disorders

(OHIP), denture satisfaction and chewing ability.

Patients who wore their mandibular prosthesis on

a regular basis showed better results on these

items (Table 7 & 8). When comparing patients who

could benefit from implant retained mandibular

dentures or not, significant differences were seen

52

OHIP 
OHIP 14
Functional limitation
Physical pain
Physical disability
Psychological discomfort
Psychological disability
Social disability

LASA

Denture satisfaction

Overall denture satisfaction

Chewing ability

GARS-D

20.4
15.6
12.1
18.1
6.2
4.0
3.4

6.8

23.1

5.5

11.7

7.1

11.4
7.2
8.6
8.7
5.8
5.5
4.6

2.5

8.2

2.4

3.9

7.1

±

±

±

±

±

±

±

±

±

±

±

±

20.4
15.3
12.5
18.4
6.3
4.1
3.6

6.7

23.1

5.7

12.3

7.2

10.7
6.9
8.9
8.0
5.3
5.2
4.4

2.3

8.2

2.1

3.7

7.1

±

±

±

±

±

±

±

±

±

±

±

±

20.4
16.0
11.4
18.1
6.1
3.8
3.0

7.1

23.3

5.1

11.7

7.0

12.7
7.8
8.1

10.0
6.8
6.2
5.1

2.9

8.3

2.9

4.1

7.2

±

±

±

±

±

±

±

±

±

±

±

±

18.4
14.6
10.4
15.8
7.0
3.8
3.1

6.9

22.0

5.3

12.7

5.8

12.9
7.4
8.8

10.0
7.7
7.2
5.3

3.2

7.9

3.0

3.4

7.6

±

±

±

±

±

±

±

±

±

±

±

±

22.0
17.1
12.2
20.0
5.5
3.8
3.0

7.2

24.1

4.9

12.2

7.9

12.8
8.2
7.8

10.0
6.2
5.6
5.1

2.7

8.8

3.0

3.2

7.0

±

±

±

±

±

±

±

±

±

±

±

±

22.3
15.5
13.6
20.3
7.3
6.0
5.3

5.9

23.0

5.7

13.1

11.7

8.8
5.5
5.5
7.8
6.2
6.6
3.9

2.8

8.1

2.7

3.6

6.6

±

±

±

±

±

±

±

±

±

±

±

±

24.5
16.2
13.8
20.7
7.6
4.3
5.0

7.3

24.0

5.9

10.7

5.0

14.7
7.2

12.2
10.1
5.2
5.6
7.4

1.8

7.3

1.8

4.4

8.1

±

±

±

±

±

±

±

±

±

±

±

±

18.4
15.0
11.8
16.4
5.5
3.3
2.6

6.8

22.8

5.7

11.4

6.3

10.2
7.6
9.2
7.3
5.0
4.5
3.3

2.3

8.8

2.1

4.1

6.6

±

±

±

±

±

±

±

±

±

±

±

±

Table 6. Oral function, LASA, denture satisfaction, chewing ability and GARS-D data when comparing different treatment regimes.

All
N=67

NCR*
N=43

CR*
N=24

RC*
N=11

NC*
N=13

MR*
N=10

MS*
N=8

NB*
N=25

* NCR: no continuity resection; CR: continuity resection; RC: restored continuity; NC: continuity not restored; MR: marginal mandibular resection; 
MS: mandibular swing; NB: no bone surgery. 
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an anatomic and physiological oral condition

unfavorable for prosthodontic rehabilitation. This

unfavorable oral condition may have a negative

effect on both denture satisfaction and quality of

life in general. It is remarkable that in this study

hardly any significant differences were observed in

functional outcome and quality of life for the dif-

ferent treatment regimens and size or location of

the primary tumour. This is in contrast to most

studies in the literature, reporting tumour site,

tumour size, type of mandibular defect and type of

reconstruction to be associated with functional

outcome (Rogers et al. 2005; Teoh et al. 2005). Our study

showed at most tendencies of such associations,

but either these associations were not very strong

or the numbers in the various subgroups were to

small to reach significance. Also the general qual-

ity of life, as scored with EORTC QLQ C-30 and

LASA, was good when compared to other studies

(Klug et al. 2002; Schliephake & Jamil 2002). This can

explain why it was hard to find differences

between different treatment regimes. It can be

expected that the rather good overall quality of life

in this study is slightly overestimated because of

the small group of non-responders which were in

poor general health (N=7). Moreover, the speci-

ficity of the data collected, biases and confound-

ing factors (amongst others the rather high quali-

ty of life scores of patients included in this study),

and lack of controls contribute to the possible

shortcomings in this study. Despite these limita-
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QLQ-C30
Global health status /quality of life
Physical functioning
Role functioning
Emotional functioning
Cognitive functioning
Social functioning
Fatigue
Nausea and vomiting
Pain
Dyspnoe
Insomnia
Appetite loss
Constipation
Diarrhoea
Financial difficulties

H&N35
HN Pain
HN Swallowing
HN Senses
HN Speech
HN Social eating
HN Social contact
HN Sexuality
HN Teeth
HN Opening mouth
HN Dry mouth
HN Sticky saliva
HN Coughed
HN Felt ill
HN Pain killers
HN Nutritional supp.
HN Feeding tube
HN Weight loss
HN Weight gain

80.6
85.6
84.2
86.5
84.7
92.3
21.0
0.9

12.6
8.1

16.2
8.1
3.6
3.6
4.5

16.5
23.7
22.1
12.6
30.0
7.7

25.0
33.3
30.6
60.4
40.5
16.2
6.3

29.7
29.7
2.7

16.2
10.8

19.3
18.5
24.8
20.3
21.3
17.8
25.6
3.8

22.0
16.5
27.9
18.3
10.5
10.5
17.9

17.3
20.0
26.4
16.8
27.7
11.3
38.3
33.3
38.8
41.5
40.9
24.4
19.0
46.3
46.3
16.4
37.4
31.5

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

75.0
71.5
73.2
83.3
85.4
80.3
23.9
3.5

18.2
16.2
13.1
17.2
3.0
8.1

18.8

15.9
29.8
26.8
22.9
42.7
14.0
25.3
32.1
35.4
57.6
42.7
20.2
7.3

39.4
39.4
21.2
21.2
30.3

19,8
21.6
30.9
18.8
18.0
29.3
23.6
10.0
26.5
23.7
23.5
27.8
12.8
20.5
32.7

18.1
22.7
28.6
24.5
31.6
24.2
35.6
43.8
34.3
37.5
35.1
30.0
16.4
49.6
49.6
41.5
41.5
46.7

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

76.6
81.4
82.2
83.0
85.1
85.1
20.5
0.7

15.2
13.0
19.6
11.6
3.6
5.8
8.9

17.0
28.8
25.4
14.7
38.2
11.3
28.5
35.7
37.7
58.0
45.7
17.4
7.4

32.6
34.8
8.7

13.0
23.9 

19.8
18.4
25.2
22.5
19.6
27.0
24.0
3.4

22.7
21.6
29.5
22.5
12.6
12.8
24.0

17.7
21.1
26.7
19.5
29.7
18.7
38.9
38.5
36.2
40.0
40.0
28.8
17.2
47.4
48.2
28.5
34.1
43.1

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

80.6
74.2
72.9
88.9
84.7
89.6
25.9
4.8

15.2
9.7
5.6

13.9
2.8
5.6

15.3

14.7
22.3
22.2
22.7
31.6
9.4

18.8
27.3
23.6
61.1
33.3
19.4
5.6

37.5
33.3
16.7
29.2
12.5

19.1
25.1
32.9
11.2
20.2
18.9
25.7
11.5
27.3
18.3
12.7
25.9
9.4

21.2
31.1

17.4
21.7
28.9
24.0
30.8
18.7
32.3
36.6
36.1
38.9
33.3
23.9
18.8
49.5
48.2
38.1
46.4
33.8

1

1

1

1

1

1

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

Table 7. EORTC QLQ C-30 and H&N35 data when comparing different sub-groups.

MP*
N=34

NMP*
N=33

II*
N=44

NII*
N=23

*

1

MP: regularly wearing mandibular prosthesis; NMP: not regularly wearing mandibular 
prosthesis; II: indication for implant therapy; NII: no indication for implant therapy
significant at p<0.05 with Mann-Whitney U Test.



this study are compared to a group of patients

who underwent surgical treatment for an oral

malignancy but who did not receive radiotherapy,

the scores in the present study are worse on all

aspects of oral functioning and quality of life

(Schoen et al. (submitted)). The patients in this ‘refer-

ence group’ are not fully comparable, because

they received dental implants as part of the oncol-

ogy treatment during ablative surgery. However,

the latter study also included a group of patients

who did receive radiotherapy as part of their can-

cer treatment. Again the irradiated patients in that

study performed worse on oral functioning and

quality of life (Schoen et al. (submitted)).

Many problems in oral functioning are related

to the sequelae of radiotherapy and diminished

function of the tongue. According to the literature

irradiation has a significant negative influence on

function of the tongue, while speech did not differ

between irradiated and non-irradiated patients

(Pauloski et al. 1998). Diminished function of the

tongue may in part be the result of reduced sali-

vary flow and other irradiation effects such as

oedema and fibrosis but may also be due to

reduced mobility and loss of nervous innervation

caused by surgery (Muller et al. 2004). Loss of tongue

function and volume affect the patient’s ability to

discriminate food particle location and size. This

creates inefficiencies in the manipulation and con-

solidation of the food bolus, resulting in impair-

ment of the oral and pharyngeal phases of swal-

tions, this study has a reasonable sample size

compared to other functional outcome studies on

oral cancer patients (Panchal et al. 1996; Pauloski et al.

1998). In addition, the mean follow-up of 4.5 years

was reasonable for functional outcome assess-

ments following cancer treatment. 

Radiotherapy seems to be a dominating factor

influencing oral functioning and quality of life. In

this study all patients had received a combination

of surgery and radiotherapy. When the results in

54

OHIP 
OHIP 14
Functional limitation
Physical pain
Physical disability
Psychological discomfort
Psychological disability
Social disability

LASA

Denture satisfaction

Overall denture satisfaction

Chewing ability

GARS-D

16.0
13.2
11.0
13.8
4.9
2.7
2.4

7.2

20.3

6.3

10.0

6.0

10.1
6.5
8.4
7.3
5.8
4.9
3.7

2.6

7.4

1.9

3.9

6.9

±

±

±

±

±

±

±

±

±

±

±

±

25.4
18.5
14.4
22.9

7.8
5.5
4.3

6.4

27.3

4.4

13.7

8.2

11.7
7.3
9.4
8.1
5.8
6.0
5.2

2.5

7.5

2.6

2.7

7.3

±

±

±

±

±

±

±

±

±

±

±

±

22.2
16.9
14.5
19.7
7.1
4.6
3.6

6.8

25.5

4.9

12.6

7.4

12.1
7.2
9.3
9.1
6.5
6.3
4.9

2.7

7.7

2.3

3.3

7.3

±

±

±

±

±

±

±

±

±

±

±

±

17.0
13.3
9.0

15.1
4.7
3.0
2.8

6.9

18.7

6.5

10.0

6.2

10.6
7.3
7.4
7.8
4.5
3.9
3.7

2.4

7.4

2.4

4.3

6.9

1

1

1

1

1

1

1

1

1

1

1

1

1

1

±

±

±

±

±

±

±

±

±

±

±

±

Table 8. Oral function, LASA, denture satisfaction, chewing ability and GARS-D data 
when comparing different sub-groups.

MP*
N=34

NMP*
N=33

II*
N=44

NII*
N=23

*

1

MP: regularly wearing mandibular prosthesis; NMP: not regularly wearing mandibular 
prosthesis; II: indication for implant therapy; NII: no indication for implant therapy.
significant at p<0.05 with Mann-Whitney U Test.
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lowing. In such a situation, even an implant

retained stable prosthesis will not be of benefit to

the patient (Jacob et al. 1992; Zlotolow et al. 1992; Martin et al.

1994; Teoh et al. 2005). In contrary, an increase of the

vertical dimension by introduction of a mandibu-

lar prosthesis might even lead to more severe

complaints, because the tongue might have lost

its ability to get in proper contact with the palate

(Martin et al. 1994). This may not only impair swallow-

ing but also speech. Therefore some patients do

not wear their mandibular prosthesis during eat-

ing as they experience eating without prosthesis

less troublesome. It has been reported that these

problems can be solved to some extent by lower-

ing the palatal contour in the maxillary prosthesis

(Martin et al. 1994). Further research should include

more sophisticated forms of reconstructive sur-

gery with restoration of sensory and motor inner-

vation in conjunction with implant therapy for

improving retention and stabilization of the pros-

thesis.

As stated in the literature there is certainly a

need for more objective validated tests of oral

function (Teoh et al. 2005). In that way the effects of

surgical therapy and prosthodontic intervention

could be measured instead of using question-

naires that are possibly not discriminative enough

to elucidate specific components of oral function

and the effect of oral rehabilitation on QoL. To

cover all aspects of measuring QoL in head and

neck cancer patients (global, general cancer, head

and neck specific, and performance) the question-

naires of the European Organization for Research

and Treatment of Cancer (EORTC) (core question-

naire QLQ-C30 and the head and neck module

H&N35) were used in combination with the OHIP

questionnaire, LASA, denture satisfaction, chew-

ing ability and GARS-D questionnaires. This is in

line with a recent consensus report which stated

“Health-related quality of life measurements in

this respect need a specific questionnaire with

appropriate sensitivity and responsiveness. This is

supposed to be in addition to existing validated

questionnaires tapping broader concepts, e.g.

head- and neck-specific questionnaires” (Cawood &

Stoelinga 2006).

In general, the used questionnaires performed

well on oral functioning but showed little or no

changes on quality of life related aspects. As men-

tioned before, the quality of life, as scored with the

EORTC QLQ C-30 and LASA, appeared to be good

when compared to other studies (Klug et al. 2002;

Schliephake & Jamil 2002). In our study the global

health/QoL scale of the EORTC QLQ-C30 revealed

a score of 78. In the literature scores between 

60-70 are commonly reported (Klug et al. 2002; Schliep-

hake & Jamil 2002). With regard to the LASA scores,

the scores in our study are even in the same range

of healthy non-cancer patients (Bouma et al. 1997).

When comparing different treatment regimes

no differences were observed. A major reason for

the fact that even the more specific questionnaires
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ual information regarding oral function after onco-

logic treatment or prosthodontic rehabilitation

(Hertrampf et al. 2004). In combination with more

objective oral function tests regarding e.g. speech,

chewing, swallowing and lip competence this

might offer more insight in more specific treat-

ment related QoL in head and neck oncology

patients.
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did not detect differences in the quality of life

might be that the oncology treatment, in particu-

lar radiotherapy, has resulted in so much distress

and morbidity (amongst others worries about sur-

vival, fatigue, xerostomia, trismus, loss of taste,

swallowing disorders, problems with speech) that

different treatment regimes might have minor to

no impact on overall quality of life. 

It remains questionable whether the used ques-

tionnaires are as discriminative as needed when

the starting point is a good general quality of life.

However, when comparing patients who wore

their mandibular prosthesis on a regular basis to

the patients who did not wear their prosthesis or

used it only for cosmetic reasons many significant

differences were observed on the more specific

questionnaires regarding oral function, like OHIP,

denture satisfaction and chewing ability. Thus

when assessing the impact of oral treatments on

the quality of life, one has to ask those questions

regarding quality of life that focus on the oral com-

ponent. The EORTC H&N35 seems to be not as

specific as needed in this respect and the OHIP,

GARS-D, denture satisfaction and chewing ability

scores might be just too specific for the oral com-

ponent thus not reflecting an impact on the more

general quality of life. Thus, there is still a need for

developing more specific questionnaires refining

the impact of the oral component on quality of life

(Strassburger et al. 2004). Another option is to use

semi-structured interviews to obtain more individ-
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Introduction

Surgical treatment of malignancies involving the

oral cavity often results in an altered anatomical

situation, which may severely hamper oral func-

tioning. Surgical treatment is often combined with

radiotherapy, which further worsens oral function-

ing. Amongst others salivary secretion is reduced,

and speech, chewing (mastication), swallowing

and aesthetics are often impaired (Zlotolow et al. 1992;

Mounsey & Boyd 1994; Hayter & Cawood 1996; Kwakman et al.

1997a; Roumanas et al. 1997; Reintsema et al. 1998; Visch et al.

2002; Vissink et al. 2003a; Vissink et al. 2003b). Due to the

changed intra-oral conditions, the possibilities to

obtain proper stability and retention for a

mandibular prosthesis are seriously at risk

(Buchbinder et al. 1989; Hayter & Cawood 1996; Marker et al.

1997; Misiek & Chang 1998; Reintsema et al. 1998). For exam-

ple, particularly after radiotherapy, the load-bear-

ing capacity of both the native and reconstructed

tissues is compromised (Buchbinder et al. 1989; Judy et al.

1991; Weischer et al. 1996; Visch et al. 2002). Until recently

neither reconstructive surgery nor conventional

prosthodontic techniques were capable to address

these problems successfully (Sclaroff et al. 1994;

Watzinger et al. 1996). 

In prospective studies with a follow up of 10

years reporting on the treatment outcome of

implant-retained overdentures in healthy patients

suffering from impaired oral functioning due to an

instable lower denture, implant-retained overden-

tures have been proven to be a reliable treatment

for problems involving lack of stability and reten-

tion of a lower denture (Raghoebar et al. 2003a). Because

of this high success rate a similar prosthodontic

treatment approach can probably attribute to better

functional results in the oral rehabilitation of head

and neck cancer patients (Buchbinder et al. 1989; Zlotolow

et al. 1992; Franzen et al. 1995; Reychler et al. 1996; Schmelzeisen

et al. 1996; McGhee et al. 1997; Roumanas et al. 1997; Wei et al.

1997; Gürlek et al. 1998; Misiek & Chang 1998; Urken et al. 1998;

Granstrom et al 1999; Weischer & Mohr 2001; Schultes et al. 2002).

Nowadays, endosseous implants are used with

increasing frequency for prosthetic support in

patients who are treated for malignancies in the

lower region of the oral cavity (Judy et al. 1991; Ravazi et

al. 1995; Marker et al. 1997; McGhee et al. 1997; Reintsema et al.

1998; Weischer & Mohr 2001). This implant treatment

includes patients in whom the mandible and soft

tissues were reconstructed as well as patients in

whom the mandible was located in the radiation

portals, in spite of the well-documented adverse

biologic changes that occur when soft and osseous

tissues have been exposed to ionizing radiation

(Jacobsson et al. 1985; Taylor & Worthington 1993; Keller et al.

1997a; McGhee et al. 1997; Wang et al. 1998; Visch et al. 2002;

Vissink et al. 2003a; Vissink et al. 2003b).

If subjected to implant surgery, irradiated sites

are thought to be at significant risk for develop-

ment of soft and hard tissue necrosis, and loss of

61



Currently, the need for more detailed outcome

research has brought up the issue of measuring

the quality of life of cancer patients by assessing

their functional status as well as their physical,

social and emotional well-being through self-

administered questionnaires (Rogers et al. 1999;

Schliephake & Jamil 2002). During recent years, a wide

variety of instruments has been developed and

applied in cancer patients, particularly in patients

with head and neck cancer for the assessment of

quality of life (Schipper et al. 1984; Aaronson et al. 1988; Trotti

et al. 1998; Bjordal & Kaasa 1992; Ware & Sherbourne 1992;

Bjordal et al. 1994; Gliklich et al. 1997; Hodder et al. 1997). The

objective of this prospective study was to evaluate

the treatment outcome (condition of peri-implant

tissues, implant survival, oral functioning) and

impact on quality of life of prosthodontic rehabili-

tation with implant-retained prostheses in head

and neck cancer patients.

Material and methods

Patients
All consecutive edentulous patients with oral can-

cer referred to the head and neck oncology group of

the University Medical Center Groningen between

May, 1998 and April, 2002 were screened to be

included in this study. The criteria for inclusion

were edentulous upper and lower jaw, prosthetic

implants (Granstrom et al. 1992a). Thus, the appro-

priateness of using implants in irradiated patients

has been seriously questioned (Granstrom et al. 1999).

Because of the radiation hazards mentioned, it

might be reasonable to place implants prior to

postoperative radiotherapy, preferably simultane-

ously with ablative surgery (Sclaroff et al. 1994; Ravazi et

al. 1995; Kwakman et al. 1997a; Marx & Morales 1998).

Especially when it is likely that postoperative

radiotherapy is indicated, it even is advised to

insert the implants at the end of the ablative sur-

gery procedure (Urken et al. 1989; Sclaroff et al. 1994;

Kwakman et al. 1997a; Marx & Morales 1998; Mericske-Stern et al.

1999). Major advantages of implant placement dur-

ing ablative surgery include (Urken et al. 1991a; Sclaroff

et al. 1994; Wei et al. 1997):

• Implant-surgery in a due to radiotherapy com-

promised area is avoided thus reducing the risk

of late complications, such as development of

osteoradionecrosis;

• Initial implant healing (osseointegration) takes

place before irradiation;

• The patient can benefit from the support of the

implants in an earlier stage after treatment.

Among others this support is important for the

rehabilitation of speech and swallowing;

• The patient is saved from another surgical

intervention;

• There is no need for adjunctive prophylaxis like

the long lasting use of antibiotics and hyper-

baric oxygen (HBO) therapy.
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problems related to lack of stability and retention of

the lower denture, expected denture related prob-

lems after oncology treatment, first malignancy in

head and neck region (squamous cell carcinoma of

tongue, floor of the mouth, mandibular gingiva,

buccal mucosa or oropharynx), and need for pri-

mary ablative surgery. The patients were screened

by a maxillofacial surgeon and prosthodontist. In

addition, it was required that little or no improve-

ment could be expected from making a new set of

dentures after oncologic treatment. Informed con-

sent was obtained from all patients. 

Treatment
All patients underwent both tumour surgery and

implant insertion at the Groningen University

Medical Center. All implants (Brånemark

Implants, Nobelbiocare, Gothenburg, Sweden)

were inserted at the end of the ablative tumour

surgery procedure. All implants were placed in the

interforaminal region of the native bone of the

mandible as a two-stage surgical procedure by the

same surgeon (4 implants per patient, Fig. 1). The

most lateral implants were placed at least 5 mm

medially of the mental foramen and there was an

equal distance between the four implants. An

osseointegration period of three months before

abutment connection was considered in patients

not needing radiation therapy after tumour sur-

gery and implant placement. If postoperative

radiation therapy was scheduled, starting six

weeks after surgery, the osseointegration time

before abutment connection was increased with

six months to in total nine months.

Dosimetry was performed to calculate the dose

at the implant locations. The cumulative absorbed

dose was calculated using the CT data available

for the treatment planning. The implants were

drawn as region of interest, the treatment plans

were calculated using radiotherapy treatment-

planning system, Helax-TMS 6.1B (Nucletron, The

Netherlands). The maximum dose in the region of

interest was used as the cumulative absorbed

dose in the implants.

Second stage surgery (abutment connection)

was performed under local anesthesia and con-

sisted of thinning of the peri-implant mucosa,

uncovering of the implants, and placement of the

abutments to the implants. Fabrication of

implant-retained prostheses was started two

weeks after abutment connection following stan-

dard clinical and laboratory procedures. A new

maxillary complete denture and a mandibular

overdenture retained by an individual made bar-

clip construction were fabricated.

All patients were treated by one experienced

maxillofacial surgeon (GMR) and one experienced

prosthodontist (HR). Home care instructions with

regard of maintenance of the prosthesis and peri-

implant tissues around the implants consisted of

daily mechanical cleaning of the abutments and
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Radiographic analysis
The oblique lateral radiographic technique has

been used to determine resorption patterns of the

edentulous mandible and to study bone (re)mod-

eling processes following the placement of dental

implants (Stellingsma et al. 2000). At the start of pros-

thetic loading (T1) and after 12 months (T2), four

oblique lateral radiographs were made to depict

the lateral and frontal parts of the mandible. The

mesial/distal bone height was defined as the dis-

tance between the apex of the implant and the

marginal bone level at the mesial/distal side of the

implant. The measurements were executed using

a specially made transparent template in which a

millimetre ruler was engraved. In this way, bone

height could be measured in a reproducible man-

ner in all instances. Distances were assessed to

the nearest 0.5 mm. 

Functional assessments and quality of life
Preoperatively on the day of hospital admission

(T0) patients were asked to fill out questionnaires

regarding oral functioning and quality of life. The

questionnaires were administered by the investiga-

tor (PJS) who was not involved in treatment of the

patients. Similar questionnaires had to be com-

pleted six weeks (T1) and 12 months (T2) after

placing the new dentures as well as questionnaires

regarding denture satisfaction and the impact of

denture related problems on social activities: 

connections bar with soft tooth brush or

Superfloss (Oral B, Frankfurt am Main, Germany). 

Clinical assessments
The clinical assessment included dental status,

oral condition, and prosthetic rehabilitation.

Postoperative complications and implant survival

were recorded from the time of surgery until 1 year

after placement of the prostheses. Periodontal

indices were assessed six weeks after placing the

new dentures (T1) and 12 months later (T2). The

periodontal indices included the following param-

eters: plaque index (Mombelli et al. 1987), bleeding

index (Mombelli et al. 1987), gingival index (Löe & Silness

1963), probing depth, and implant mobility (Teerlinck

et al. 1991). Probing depth was measured at four

sites of each implant (mesially, labially, distally, lin-

gually) by using a periodontal probe (Merit B, Hu

Friedy, Chicago, USA) after removal of the bar; the

distance between the marginal border of the

mucosa and the tip of the periodontal probe was

scored as the probing depth. Mobility of the

implants was determined quantitatively by Perio

Test Values, also after removal of the bar. All clini-

cal assessments were performed by the investiga-

tor (PJS) who was not involved in treatment of the

patients.
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• Quality of Life was assessed using the core

questionnaire (EORTC QLQ-C30) and the head

and neck module (EORTC H&N35) of the

European Organization for Research and

Treatment of Cancer (EORTC). The core ques-

tionnaire consisted of 30 questions (items)

exploring six multi-item functional scales

(physical function, role function, social func-

tion, emotional function, cognitive function,

and overall health status/quality of life), three

multi-item symptom scales (pain, fatigue and

emesis) and six single items (bowel function,

breathing, appetite, sleep disorders and eco-

nomic sequelae (Aaronson et al. 1988). The head

and neck module contained 35 items exploring

symptoms and side effects of treatment. It

comprised six multi-item scales (pain, swallow-

ing, senses, speech, social eating, social con-

tact, sexuality) and seven single items (Bjordal et

al. 1994). All scores ranged from 0-100. With

regard to the functional scales of the EORTC

QLQ-C30, higher scores meant higher quality

of life and better results. In the symptom scales

and the single-item scales of the EORTC QLQ-

C30, higher levels represent higher degrees of

problems caused by the symptom, so that the

best result in these scales was a score of 0. The

scores of the head and neck module finally also

have a range from 0-100 with higher scores

representing higher degrees of problems and

good results showing low scores.

• The psychological, physical and social impact of

oral disorders was assessed using the Oral

Health Impact Profile (OHIP) questionnaire

comprising of six multi-tem scales (Slade & Spencer

1994; Allen & Locker 1997). Responses on each item

ranged from ‘very often’ (score 4) to ‘never’

(score 0). Adding the scores results in a total

score per scale; a high score means a high

impact on the aspect concerned. The six oral

health impact profile scales assessed were func-

tional limitation (9 items, range 0-36), physical

pain (9 items, range 0-36), physical disability 

(9 items, range 0-36), psychological discomfort

(5 items, range 0-20), psychological disability 

(6 items, range 0-24) and social disability 

(5 items, range 0-20). In addition the OHIP-14

(14 items, range 0-56), a short form of the orig-

inal OHIP-49 measuring the overall-impact of

dental problems, was used (Slade 1997).

• The general quality of life was assessed with the

Linear Analogue Self Assessment method

(LASA, 1 item version) (Andrews & Withey 1976). The

patients were asked to indicate their general

quality of life on a bar with a length of 10 cm,

with the left extreme position indicating ‘the

worst possible situation’ (a score of 0) and on

the right extreme ‘the best possible situation’

(a score of 10).

• Denture Satisfaction was assessed using a vali-

dated questionnaire consisting of eight sepa-

rate items focusing on the function of upper
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and lower dentures, and on specific features

such as esthetics, retention and functional

comfort (Vervoorn et al. 1988). Each item was pre-

sented with a five point rating scale on which

the patient indicated the extent he or she was

(dis)satisfied. A high score indicated more dis-

satisfaction.

• Overall Denture Satisfaction was expressed on a

10-point rating scale (0-10), ‘0’ being complete-

ly dissatisfied, ‘10’ being completely satisfied.

• Subjective Chewing Ability was assessed by using

a 9-item questionnaire on which the patient

could rate on a 3-point scale her/his ability to

chew different kinds of food (Stellingsma et al. 2005).

• The impact of denture problems on social

activities, such as going out, and contacting

and visiting people, was assessed with the

Groningen Activity Restriction Scale Dentistry

(GARS-D) (Bouma et al. 1997). GARS-D is an 

11-item scale yielding a score ranging from 

0-22; the higher the score, the larger the impact

on social activities.

Data analysis
The data were evaluated using the Statistical

Package Social Sciences (SPSS, version 11.5 for

Windows, SPSS Inc., Chicago, USA). Changes

were stated as significant if p<0.05. When com-

paring irradiated and non-irradiated patients at

the same time, the independent t-test was used.
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52
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43
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Primary tumourAge Stage

Table 1. Patient characteristics regarding age, gender, primary tumour, staging, total dose and status.
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M
F
F
M
M

Floor of mouth
Floor of mouth
Floor of mouth
Floor of mouth
Floor of mouth
Floor of mouth
Tongue
Tongue
Tongue
Tongue
Mandibular gingiva
Mandibular gingiva
Mandibular gingiva
Mandibular gingiva
Base of tongue
Base of tongue
Tonsil
Tonsil
Oropharynx
Floor of mouth
Floor of mouth
Mandibular gingiva
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Oropharynx
Tongue
Tongue/Floor of mouth
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Mandibular gingiva
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50

–
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Status*

Died TR
Died TR
Died TR
Died TR
Died TR
Died TR
Died TR
Died NTR
Died NTR
No prosthesis
No prosthesis
No prosthesis

* Status: Died TR:
Died NTR:
No prosthesis:

died due to tumour related disease.
died due to non-tumour related disease.
no implant retained prosthesis could be made because of refusal 
of the patient to abutment connection.

Gender
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When comparing results within groups in time,

the t-test for dependent samples was applied.

Results

Patients
In total 50 patients, 35 men and 15 women (mean

age 61.5±11.2 years; range 41-81 years) were

included (Table 1). About two-thirds of the patients

(31 patients, 124 implants) were treated with radia-

tion therapy after surgery. In latter patients the

interforaminal area of the lower jaw in which the

implants were inserted received a cumulative

radiation dose of at least 46 Gy (mean 61.1±5.3 Gy,

range 46-70 Gy) at the implant site. In 15 patients

no functional implant-retained overdenture could

be made, mainly because of residual, locoregional

or metastatic tumour growth. Of these 15 patients,

12 patients had died at T2 and three patients had

refused abutment connection because of the bur-

den of the extra surgical procedure (Table 1). In the

other 35 patients implant-retained overdentures

were fabricated (Fig. 1). 

Clinical assessments
No postoperative complications occurred related

to implant surgery. No significant difference was

found in percentage of successful dentures on
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Primary tumourAge Stage

Table 1. Patient characteristics regarding age, gender, primary tumour, staging, total dose and status.

M
M
F
M
F
F
M
M
M
M
M
F
M
F

Tongue
Tongue
Floor of mouth
Floor of mouth
Floor of mouth
Mandibular gingiva
Mandibular gingiva
Mandibular gingiva
Tongue/Floor of mouth
Tonsil
Oropharynx
Tongue/Floor of mouth
Floor of mouth
Mandibular gingiva

T2N0
T2N0
T1N0
T2N0
T2N0 
T1N0
T1N0 
T2N0 
T2N0 
T2N0
T3N0 
T2N0 
T4N2b
T4N1

Total dose (Gy)

–
–
–
–
–
–
–
–
–
–
–
–
–
–

Status*

Died TR
Died NTR
Died NTR

Gender

Fig. 1. A 50-years old male patient with a T2N1 squamous cell carcinoma of the floor of the

mouth. The patient was treated with local excision of the tumour and a unilateral 

supraomohyoid neck dissection. Simultaneously with the ablative surgical procedure,

four dental implants were inserted in the mandible. Six weeks after surgery, a fractionated

radiotherapy scheme was started up to a cumulative dose of 64 Gy.

1A. Clinical intraoral view showing the four implants connected with a bar. 

1B. Orthopantomogram 1.5 years after surgery showing the four implants and the bar.
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(Table 2). There was no significant difference in

peri-implant health between the irradiated and

non-irradiated patients. 

Radiographic evaluation
During the first year after loading a minor,

although significant, peri-implant bone loss of

0.4±0.4 mm was observed in all implant sites

(0.6±0.4 mm and 0.3±0.4 mm in the irradiated

and non-irradiated sites, respectively). No signifi-

cant difference in peri-implant bone loss was

observed between the irradiated and non-irradia-

ted patients.

implants between irradiated and non-irradiated

patients, neither existed a correlation between the

reconstructive procedure (i.e. primary closure,

split skin graft or soft tissue free flap), implant

survival and success of the denture. 

During the healing period prior to the abutment

connection operation, 2 implants (2 patients) were

lost in non-irradiated mandibular bone (implant

survival rate 96.9%). After loading no implants

were lost. In the irradiated mandibular bone 

2 implants (1 patient) were lost after abutment con-

nection but before fabrication of the prosthesis

(implant survival rate of 97.4%). No osteo-

radionecrosis was observed.

The mean scores on the indices for the peri-

implant parameters were low at all evaluation

periods and did not change significantly over time
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Plaque-index (score 0-3)
Calculus (score 0-1)
Bleeding-index (score 0-3)
Gingiva-index (score 0-3)
Pocketdepth (mm)
Width attached gingiva (score 0-3)
Periotest (scoring range: -8 – 50)

1.1
0.1
1.4
0.5
2.3
1.6

–3.5

0.7
0.2
0.5
0.5
0.7
0.6
1.7

0.8
0.1
0.9
0.3
2.1
1.9

–4.0

0.7
0.3
0.6
0.4
0.9
0.5
1.5

T1

RTX* (n=19)

Mean sd Mean sd

Non-RTX* (n=16)

Table 2. Peri-implant parameters. A higher score indicates more plaque, calculus, bleeding, pocketdepth, 
width of attached gingiva and less stability of the implant (periotest). 

1.1
0.0
1.4
0.2
3.2
1.3

–2.3

0.7
0.0
0.4
0.3
0.7
0.6
2.9

1.0
0.0
1.2
0.1
2.9
1.5

–4.1

0.9
0.1
0.5
0.5
0.6
0.8
1.7

T2

RTX (n=19)

Mean sd Mean sd

Non-RTX (n=16)

* RTX: irradiated patients; non-RTX: non-irradiated patients.
T1: six weeks after placing new dentures; T2: twelve months after placing new dentures.
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Quality of life
Assessment of the quality of life showed that

before treatment the quality of life in patients that

either would be irradiated or not as part of the

overall treatment was equal, except for the use of

pain killers (Tables 3 & 4 & 5). Both the EORTC QLQ-

C30 (Table 3), EORTC QLQ-H&N35 (Table 4) and

OHIP (Table 5) indicated that after treatment in

general the quality of life in patients that had

undergone post-operative radiation treatment was

worse than in the non-irradiated patients.

Fabrication of an implant-retained denture did not

result in major improvement of the quality of life

as assessed by the EORTC C-30 core questionnaire

(Table 3), while the EORTC H&N 35 module (Table 4)

and OHIP (Table 5) indicated that wearing an

implant-retained denture resulted in significant

beneficial changes in most OHIP scales and many

items of the EORTC H&N 35 questionnaire. These

changes were major in the non-irradiated patients
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Global health status/quality of life
Physical functioning
Role functioning
Emotional functioning
Cognitive functioning
Social functioning
Fatigue
Nausea and vomiting
Pain
Dyspnoe
Insomnia
Appetite loss
Constipation
Diarrhoea
Financial difficulties

71.1
88.8
78.1
78.1
83.3
89.5
19.3
1.8

33.3
14.0
22.8
7.0
5.3
0.0

10.5

21.8
12.6
24.9
16.2
22.2
14.9
19.3
5.3

26.6
27.9
25.0
17.8
16.7
0.0

22.4

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

77.6
85.4
86.5
64.1
82.3
93.8
16.0
5.2

26.0
6.3

22.9
12.5
2.1
4.2
6.7

24.1
17.1
24.5
26.3
29.5
12.0
16.0
16.9
25.1
18.1
33.8
34.2
8.3

11.4
18.7

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

76.3
82.5
78.1
78.5
79.8
79.8
26.3

6.1
20.2
8.8

17.5
17.5
3.5
5.3

15.8

16.3
15.7
29.9
28.8
22.6
22.6
25.2
14.9
28.6
26.9
25.7
28.0
15.3
12.5
30.2

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

85.9
87.1
89.6
91.1
88.5
92.7
14.6
0.0
6.3

20.8
14.6
2.1
2.1
2.1
4.2

c

d

c

c,d

d

c

d

16.3
13.7
14.8
17.1
11.7
14.9
15.6
0.0

10.3
24.0
27.1
8.3
8.3
8.3

11.4

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

80.7
79.3
78.9
89.0
85.1
83.3
19.3
0.0

15.8
12.3
7.0
8.8
8.8
3.5

15.8

a

a

a,b

b

b

b

a

a

15.7
20.0
28.8
18.0
19.9
24.8
21.9
0.0

20.4
27.7
17.8
26.9
21.8
10.5
28.0

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

74.5
79.6
83.3
89.6
87.5
90.6
16.0
4.2

10.4
20.8
6.3

10.4
2.1
6.3
6.3

b

b

a

c

a

a

23.5
22.0
27.2
19.1
17.7
25.8
26.0
9.6

21.0
31.9
13.4
26.4
8.3

13.4
18.1

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

T0
RTX* N-RTX*

T1
RTX

T2
RTX N-RTXN-RTX

Table 3. Results of the functional scales, symptom scales and single items of the core questionnaire of the European 
Organization for Research and Treatment of Cancer (EORTC QLQ-C30).

*

a
b
c
d

RTX: irradiated patients; N-RTX: non-irradiated patients.
T0: preoperatively; T1: six weeks after placing new dentures; T2: twelve months after placing new dentures.
significant difference T2 versus T0. 
significant difference T2 versus T1.
significant difference between irradiated and non-irradiated patients at the same point in time.
significant difference T1 versus T0.



Functional assessments and denture 
satisfaction
Similar to the quality of life assessments overall

denture satisfaction was higher in non-irradiated

than in irradiated patients (Table 6). However,

also in the irradiated patients denture satisfac-

tion was rather high. On the other scales of func-

tional assessment the non-irradiated patients

in whom many OHIP scales showed significant

improvement when compared to the pre-treat-

ment condition (Tables 4 & 5). In the irradiated

patients a less, but still significant improvement in

many functional items was observed, while other

items, mainly the items related to the oral seque-

lae of radiotherapy, did not improve (Tables 4 & 5). 
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Pain
Swallowing
Senses problems
Speech problems
Trouble with social eating
Trouble with social contact
Less sexuality
Teeth
Opening mouth
Dry mouth
Sticky saliva
Coughing
Felt ill
Pain killers
Nutritional supplements
Feeding tube
Weight loss
Weight gain

36.0
24.6
8.8
9.9

21.9
3.5

37.3
29.8
22.8
28.1
21.1
14.0
10.5
63.2
21.1
5.3

26.3
10.5

20.2
20.5
14.0
16.9
24.6
7.2

38.4
38.3
33.4
33.8
27.7
20.2
19.4
49.6
41.9
22.9
45.2
31.5

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

28.6
21.5
8.3
6.9

11.5
2.1

35.7
25.0
10.4
22.9
14.6
14.6
8.3

25.0
6.3
0.0
6.3

12.5

22.4
17.9
19.2
11.4
16.9
4.0

25.2
31.0
20.1
29.1
24.2
21.0
19.2
44.7
25.0
0.0

25.0
34.2

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

18.9
34.5
23.7
22.5
39.3
13.3
31.4
24.6
38.6
57.9
47.9
14.0
12.3
5.3

31.2
10.5
10.5
15.8

18.0
19.2
23.8
24.6
26.0
21.3
39.5
31.1
31.9
36.6
32.1
20.2
22.8
22.9
47.8
31.5
31.5
37.5

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

14.1
11.5
14.6
11.1
11.5
2.5

21.1
16.7
8.3

27.1
16.7
6.3
2.1

25.0
12.5
0.0
6.3

37.5

d

c,d

c

c

c

c

c

d

d

d

d

d

d

d

d

d

d

dc

14.2
15.4
23.4
15.2
21.1
5.9

34.8
21.1
19.2
27.8
24.3
18.1
8.3

44.7
34.2
0.0

25.0
50.0

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

22.8
28.2
28.1
20.8
27.9
10.5
39.2
22.8
40.4
68.4
52.9
21.1
5.3

26.3
26.3
10.5
5.3

15.8

a

a

a

b

a

a

a

a,b

21.7
19.4
29.4
24.3
25.3
20.9
42.5
33.4
32.6
34.2
35.4
29.8
12.5
45.2
45.2
31.5
22.9
37.5

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

8.3
9.4

17.7
9.0

10.9
4.2

14.3
10.4
12.5
22.9
8.3

22.9
4.2

50.0
6.3
0.0

12.5
18.8

a,c

a,c

c

c

a,c

a

c

c

b,c

b

a,b

11.0
8.5

31.9
14.2
21.2
10.9
30.6
20.1
24.0
26.4
14.9
23.5
16.6
51.6
25.0
0.0

34.2
40.3

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

T0
RTX* N-RTX*

T1
RTX

T2
RTX N-RTXN-RTX

Table 4. Results of the multi-item scales and single items of the head and neck module of the European Organization 
for Research and Treatment of Cancer (EORTC QLQ-H&N35).

*

a
b
c
d

RTX: irradiated patients; N-RTX: non-irradiated patients.
T0: preoperatively; T1: six weeks after placing new dentures; T2: twelve months after placing new dentures.
significant difference T2 versus T0. 
significant difference T2 versus T1.
significant difference between irradiated and non-irradiated patients at the same point in time.
significant difference T1 versus T0.



5
showed better results than the irradiated

patients. 

Discussion

Surgical treatment of malignancies in the oral cav-

ity and subsequent radiation therapy often result

in an anatomic and physiological oral condition

unfavorable for prosthodontic rehabilitation which

may have a negative effect on both denture satis-

faction and quality of life. As shown in this study,

many of these problems can, at least in part, be

diminished by the use of an implant-retained

lower denture. 

Clinical assessments
Implant survival in head and neck cancer patients

in the first year after placement is almost as high

71

OHIP14
Functional limitation
Physical pain
Physical disability
Psychological discomfort
Psychological disability
Social disability

15.5
11.1
15.2
10.5
5.1
3.8
1.5

12.1
7.1
9.7
9.6
5.8
4.9
2.6

±

±

±

±

±

±

±

13.1
9.5

10.3
8.3
3.5
4.4
2.8

12.4
8.1
7.9
8.5
5.0
6.1
4.8

±

±

±

±

±

±

±

17.4
12.2
7.9

13.2
3.3
2.8
4.0

10.3
5.6
4.8
8.5
5.5
4.2
5.5

±

±

±

±

±

±

±

9.3
8.8
6.0
6.6
1.4
0.6
0.6

c

c

c

d

c,d

c

d

d

8.8
5.9
6.3
6.6
2.7
2.0
2.3

±

±

±

±

±

±

±

16.5
12.4
8.3

12.7
3.1
2.7
2.9

a

11.4
5.6
7.3
8.1
5.3
4.3
4.8

±

±

±

±

±

±

±

6.0
6.3
2.9
5.4
0.9
0.8
0.6

a,c

b,c

a,b,c

c

a

a

c

7.5
4.6
4.4
6.1
1.8
2.0
1.5

±

±

±

±

±

±

±

T0

RTX* N-RTX*

T1

RTX

T2

RTX N-RTXN-RTX

Table 5. Results of the Oral Health Impact Profile (OHIP).

*

a
b
c
d

RTX: irradiated patients; N-RTX: non-irradiated patients.
T0: preoperatively; T1: six weeks after placing new dentures; T2: twelve months after placing new dentures.
significant difference T2 versus T0. 
significant difference T2 versus T1.
significant difference between irradiated and non-irradiated patients at the same point in time.
significant difference T1 versus T0.

GARS-D
Denture satisfaction
Overall denture satisfaction
Chewing / eating
LASA quality of life

7.3
15.0
7.4

10.3
67.9

6.6
5.7
1.6
6.2

15.8

±

±

±

±

±

2.8
12.6
8.6
5.9

71.9

5.5
4.6
1.5
4.4

24.0

±

±

±

±

±

6.6
14.6
7.4
8.4

65.7

7.3
8.0
2.0
6.4

25.1

±

±

±

±

±

2.7
11.3
8.5
4.6

72.9

b

a,b

b

b

b

5.0
3.9
1.3
4.3

22.4

±

±

±

±

±

T1
RTX* N-RTX*

T2
RTX N-RTX

Table 6. Results of the functional assessments and denture satisfaction.

*

a
b

RTX: irradiated patients; N-RTX: non-irradiated patients.
T0: preoperatively; T1: six weeks after placing new dentures; 
T2: twelve months after placing new dentures.
significant difference T2 versus T1.
significant difference between irradiated and non-irradiated patients at the same point in time. 



further research and probably can be shortened

significantly. In contrast to time that has to elapse

between implant placement and abutment con-

nection to allow for sufficient osseointegration in

irradiated bone, there is consensus that prostho-

dontic rehabilitation can start two weeks after

abutment connection. A significant time reduction

of (pre)prosthetic rehabilitation was achieved

when compared to studies in which implants were

inserted after ablative surgery and consecutive

radiotherapy (Albrektson 1988; Buchbinder et al. 1989;

Granstrom et al. 1993a; Taylor & Worthington 1993; Ueda et al.

1993; Barber et al. 1995; Franzen et al. 1995; Eckert et al. 1996;

Watzinger et al. 1996; Arcuri et al. 1997; Chan et al. 1997; Esser &

Wagner 1997; Jisander et al. 1997; Keller et al. 1997a; Marker et al.

1997; McGhee et al. 1997; Andersson et al. 1998; Brogniez et al.

1998; Marx & Morales 1998; Niimi et al. 1998; Urken et al. 1998;

Betz et al. 1999; Mericske-Stern et al. 1999; Weischer & Mohr

1999; Werkmeister et al. 1999; Goto et al. 2002; Schultes et al.

2002; Visch et al. 2002). According to latter studies

implants are placed as a secondary procedure

usually not earlier than 12 months after radio-

therapy and as a consequence the patient will not

be able to function with an implant-retained over-

denture earlier than approximately 18 months

after initial treatment. However, when implants

are placed during ablative surgery, patients can

function with an implant-retained overdenture as

soon as 10 months after initial treatment. 

As in this study, some authors advice to insert

implants immediately following the ablative pro-

as in healthy subjects as well as that the peri-

implant parameters resembled those of both non-

irradiated oncology cases and healthy subjects

(Meijer et al. 2004).

According to the literature in patients with

malignancies involving the lower region of the oral

cavity a minimum of four implants is needed to

achieve maximal implant support for the prosthe-

sis and to relieve the vulnerable underlying soft-

tissues, especially after radiotherapy (Weischer et al.

1996; Roumanas et al. 1997). Like in non-oncological

cases, in non-irradiated head and neck cancer

patients abutment connection can be performed

after three months. If the patient has received

post-operative irradiation in the implant region it

is advised to wait six months after the end of

radiation treatment before abutment connection

is performed (Esser & Wagner 1997; Jisander et al. 1997;

Larsen 1997). This way the implants are given some

extra time for osseointegration and the early soft-

tissue radiation effects will be resolved at the time

of abutment connection (Hayter & Cawood 1996).

Although this common approach was applied in

this study as well, it is questionable whether the

implants need this extra time since most of the

osseointegration occurs during the first six weeks

after implant placement and thus has taken place

before the start of radiotherapy (Sclaroff et al. 1994;

Marx & Morales 1998; Raghoebar et al. 2003b). The optimal

head and neck oncology treatment related healing

time of implants before loading is still in need of
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cedure during the same session when postopera-

tive radiotherapy is indicated (Urken et al. 1989; Sclaroff

et al. 1994; Kwakman et al. 1997a; Marx & Morales 1998; Mericske-

Stern 1999). A major disadvantage of immediate

implant insertion concerns the risk of improper

implant positioning when ablative surgery will

result in gross alterations in the anatomical situa-

tion and/or intermaxillary relationship, e.g. after

mandibular continuity resections or if the anatom-

ical situation is changed due to reconstructive

surgery. Improperly positioned implants impair

the prosthodontic treatment and can sometimes

even not be used in the prosthodontic rehabilita-

tion of a patient (Martin et al. 1994; Sclaroff et al. 1994;

Schmelzeisen et al. 1996; Roumanas et al. 1997; Gürlek et al. 1998;

Werkmeister et al. 1999). As a rule it is better to refrain

from implantation during ablative surgery when

proper positioning is doubted. In all cases includ-

ed in this study proper positioning of the implants

at the time of ablative surgery could be guaran-

teed. Other disadvantages include the risk of

interference with or delay of the oncological thera-

py, including radiation therapy, and the develop-

ment of post-treatment complications caused by

the implantation during ablative surgery (Sclaroff et

al. 1994). These disadvantages are assessed to be of

minor importance because of the very low inci-

dence, especially when compared to the high risk

on harmful tissue reactions to be encountered in

case of implantation after radiotherapy (Granstrom et

al. 1994). In addition, a two-stage technique is advo-

cated to minimize the risk on early post ablative

complications as the implants are covered by

mucosa during radiation therapy (Granstrom et al.

1993b). Finally, by using multiple radiation fields

backscatter doses can be minimized and are of

negligible clinical relevance (Mian et al. 1987; Wang et al.

1998). The last disadvantage of implantation during

ablative surgery to be mentioned is the risk that

inserted implants will not be used due to early

tumour recurrence or patients refusing the abut-

ment connection operation. This disadvantage is

of minor clinical importance because of the low

morbidity of implant treatment in the lower jaw.

Therefore, if there is a fair chance that these

patients may benefit from an improved quality of

life related to an implant retained prosthesis, it is

recommended to also consider this procedure in

advanced tumour cases that will be treated with

curative intent. However cost-effectiveness

aspects of this kind of treatment need further con-

sideration as well.

Quality of life
The baseline values for the EORTC QLQ-C30 and

EORTC H&N 35 questionnaires were comparable

to those reported in literature (Schliephake & Jamil

2002). We found that following treatment the qual-

ity of life in patients that had undergone radiation

treatment was worse than in the non-irradiated

patients. This probably predominantly is the result
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Conclusions

Implant-retained lower dentures can substantially

improve the quality of life related to oral function-

ing and denture satisfaction in head and neck can-

cer patients. The use of dental implants in the

mandible should be considered in every edentu-

lous patient with oral cancer. If feasible the

implants should be placed during ablative surgery.

The early rehabilitation achieved with this

approach outweighs the few implants that cannot

be used. The beneficial effect of implant-retained

dentures on treatment outcome of oral rehabilita-

tion is assumed to be larger in non-irradiated than

in irradiated cancer patients, however. 

of the sequelae of head and neck radiotherapy,

especially hyposalivation and its related com-

plaints (Vissink et al. 2003b). Although fabrication of

an implant-retained denture did not result in

major improvement of the overall quality of life in

both irradiated and non-irradiated patients, it had

a positive effect on the quality of life effects relat-

ed to oral functioning. Because oral functioning is

severely impeded by radiation treatment, the

beneficial effect of implant-retained dentures on

latter aspects of quality of life is lower in irradiat-

ed than in non-irradiated head and neck oncology

patients. 

Functional assessments and denture 
satisfaction
Similar to the quality of life assessments denture

satisfaction tended to be higher in non-irradiated

than in irradiated patients, but was in both patient

groups less than in healthy subjects (Stellingsma et al.

2003). In irradiated patients denture satisfaction

and oral functioning is negatively influenced by

the oral sequelae of radiation therapy, especially

hyposalivation and mucosal atrophy. In non-irradi-

ated patients denture satisfaction and oral func-

tioning might also be at risk due to the sequelae of

surgery like decreased tongue mobility and pres-

ence of non-innervated grafts. According to the

results an implant-retained mandibular overden-

ture can solve these latter problems.
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Introduction

Surgical treatment of malignancies involving the

oral cavity often results in an altered anatomical sit-

uation, which may severely hamper oral function-

ing. Surgical treatment is often combined with

radiotherapy, which further worsens oral function-

ing. Salivary secretion is reduced, and speech,

chewing (mastication), swallowing and aesthetics

are often impaired (Zlotolow et al. 1992; Mounsey & Boyd

1994; Hayter & Cawood 1996; Kwakman et al. 1997a; Roumanas et

al. 1997; Visch et al. 2002; Vissink et al. 2003a; Vissink et al. 2003b).

Due to the changed intra-oral conditions (changed

anatomy, oral sequelae of radiotherapy) the possi-

bilities to obtain proper stability and retention for a

mandibular prosthesis are seriously at risk

(Buchbinder et al. 1989; Hayter & Cawood 1996; Marker et al. 1997;

Misiek & Chang 1998). For example, particularly after

radiotherapy, the load-bearing capacity of both the

native and reconstructed tissues is compromised

(Buchbinder et al. 1989; Judy et al. 1991; Weischer et al. 1996; Visch

et al. 2002;). Until recently neither reconstructive sur-

gery nor conventional prosthodontic techniques

were capable to address these problems success-

fully (Sclaroff et al. 1994; Watzinger et al. 1996). In prospec-

tive studies with a follow up of 10 years reporting

on the treatment outcome of implant-retained

overdentures in healthy patients suffering from

impaired oral functioning due to an unstable lower

denture, implant-retained overdentures have been

proven to be a reliable treatment for problems

involving lack of stability and retention of a lower

denture (Raghoebar et al. 2003a). Because of this high

success rate a similar prosthodontic treatment

approach can probably attribute to better function-

al results in the oral rehabilitation of head and neck

cancer patients (Buchbinder et al. 1989; Zlotolow et al. 1992;

Franzen et al. 1995; Reychler et al. 1996; Schmelzeisen et al. 1996;

McGhee et al. 1997; Roumanas et al. 1997; Wei et al. 1997; Gürlek et

al. 1998; Misiek & Chang 1998; Urken et al. 1998; Granstrom et al.

1999; Weischer & Mohr 2001; Schultes et al. 2002).

Nowadays, endosseous implants are used with

increasing frequency for prosthetic support in

patients who are treated for malignancies in the

lower region of the oral cavity (Judy et al. 1991; Marker et

al. 1997; McGhee et al. 1997; Wei et al. 1997; Weischer & Mohr

2001). Such implant-based prosthodontic rehabili-

tation is not only performed in patients in whom

the mandible and soft tissues were reconstructed,

but also in patients in whom the mandible was

located in the radiation portals, in spite of the

well-documented adverse biologic changes that

occur when soft and osseous tissues have been

exposed to ionizing radiation (Jacobsson et al. 1985;

Taylor & Worthington 1993; Keller et al. 1997a; McGhee et al. 1997;

Wang et al. 1998; Visch et al. 2002; Vissink et al. 2003a; Vissink et

al. 2003b). It has been stated that implant surgery at

irradiated sites bears the significant risk of devel-

opment of soft and hard tissue necrosis, and loss

of implants (Granstrom et al. 1992a). Moreover, the
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ty of life) of prosthodontic rehabilitation with

implant-retained lower dentures in irradiated head

and neck cancer patients.

Material and methods

Patients
In 2000 all consecutive edentulous patients that

had been treated for a first malignancy in the head

and neck region (squamous cell carcinoma of

tongue, floor of the mouth, mandibular gingiva,

buccal mucosa or oropharynx) with either radio-

therapy or a combination of surgery and radio-

therapy were screened to be included in this study.

The patients had been admitted between 1990

and 2000 to the Head and Neck Oncology Group

of the Groningen University Medical Center, the

Netherlands. In total 72 patients were screened by

a maxillofacial surgeon (PJS) and prosthodontist

(HR). Prosthetic problems related to lack of sta-

bility and retention of the lower denture were eval-

uated. In addition, it was required that little or no

improvement could be expected from making a

new set of dentures. Forty eight of these 72

patients had problems with functioning with their

lower denture. Of this group of 48 patients, 26

patients wanted to participate in this study, while

the other 22 patients did not want additional non-

oncologic surgical interventions as is implant

appropriateness of using implants in irradiated

patients has been seriously questioned (Granstrom et

al. 1999). To reduce these risks, the need for adjunc-

tive prophylaxis with long lasting use of antibiotics

and hyperbaric oxygen (HBO) therapy has been

proposed (Granstrom 2003).

It was advocated to use HBO therapy prior to

implant placement to improve blood flow in com-

promised areas. Experimental data reporting

increased bone mineralization and increased bio-

mechanical forces needed to unscrew titanium

implants after HBO therapy have given support to

this assumption (Nilsson et al. 1988; Johnsson et al. 1993).

Nevertheless, there is still no consensus or sound

evidence in the literature concerning the benefit of

HBO to improve osseointegration of dental

implants in mandibles, to reduce loss of implants

and to minimise risk of development of osteora-

dionecrosis in patients who have been treated

with radiotherapy following cancer treatment

(Esposito et al. 1998). Currently, the need for more

detailed outcome research has brought up the

issue of measuring the quality of life of cancer

patients by assessing their functional status as

well as their physical, social and emotional well-

being through self-administered questionnaires

(Schliephake & Jamil 2002).

Therefore, the objective of this prospective

study was to assess the effect of HBO therapy on

treatment outcome (condition of peri-implant tis-

sues, implant survival, oral functioning and quali-
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placement. Patients who agreed with treatment

were randomised in two groups. These patients

either received peri-operative antibiotics or antibi-

otics in combination with HBO treatment.

Informed consent was obtained from all patients.

Treatment
All patients underwent both tumour surgery and

radiotherapy at the University Medical Center

Groningen. Dosimetry was performed to calculate

the dose at the implant locations. The cumulative

absorbed dose was calculated using the CT data

available for the treatment planning. The anterior

part of the mandible was drawn as region of inter-

est, the treatment plans were calculated using

radiotherapy treatment-planning system, Helax-

TMS 6.1B (Nucletron, The Netherlands). The maxi-

mum dose in the region of interest was used as the

cumulative absorbed dose in that region (Table 1).

After randomization with regard to age, gender,

site and stage of the primary tumour, reconstruc-

tive procedure and total dose of irradiation, 

13 patients (group 1) received peri-operative

antimicrobial prophylaxis with broad-spectrum

antibiotics (cefradine 1 gram, three times daily

during 2 weeks). The other 13 patients (group 2)

received 20 HBO treatments of 100% oxygen at

2.5 atmospheres for 80 minutes (4 periods of 20

minutes) before implant surgery, and 10 HBO

treatments of 100% oxygen at 2.5 atmospheres for

80 minutes after implant surgery in addition to the

antimicrobial prophylaxis as applied in the non-

HBO group. A computer program was used for

randomization of the patients (Zielhuis et al. 1990).

HBO treatments were performed at the Institute

for Hyperbaric Oxygen Treatment in Hoogeveen,

the Netherlands. All patients started with broad-

spectrum antibiotics 1 day before implant surgery

and continued for 2 weeks.

In all patients the implants (Brånemark

Implants, Nobelbiocare, Gothenburg, Sweden;

Table 1) were placed in the interforaminal region of

the mandible as a one-stage surgical procedure by

the same surgeon (GM). The most lateral

implants were placed at least 5 mm medially of the

mental foramen and there was an equal distance

between the implants. After an osseointegration

period of six months, fabrication of implant-

retained prostheses was started according to stan-

dard clinical and laboratory procedures. A new

maxillary complete denture and a mandibular

overdenture supported by an individual made bar-

clip construction were fabricated. All prostheses

were made by one experienced prosthodontist

(HR). Home care instructions with regard of

maintenance of the prosthesis and peri-implant

tissues around the implants consisted of daily

mechanical cleaning of the implants and connec-

tion bar with a soft tooth brush and interdental

brushes or Superfloss (Oral B, Frankfurt am Main,

Germany). 
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thetic loading (T1) and after 12 months (T2), four

oblique lateral radiographs were made to depict

the lateral and frontal parts of the mandible. The

mesial/distal bone height was defined as the

distance between the apex of the implant and the

marginal bone level at the mesial/distal side of the

implant. The measurements were executed using

a specially made transparent template in which a

millimetre ruler was engraved. In this way, bone

height could be measured in a reproducible

manner in all instances. Distances were assessed

to the nearest 0.5 mm. 

Functional assessments and quality of life
Preoperatively the patients (T0) were asked to fill

out questionnaires regarding oral functioning and

quality of life. The questionnaires were adminis-

tered by the investigator (PJS) who was not

involved in treatment of the patients. Similar

questionnaires had to be completed six weeks (T1)

and 12 months (T2) after placing the new den-

tures. At the same time points, the patients also

had to complete questionnaires regarding denture

satisfaction and the impact of denture related

problems on social activities: 

• Quality of Life (QoL) was assessed using the

core questionnaire (EORTC QLQ-C30) and the

head and neck module (EORTC H&N35) of the

European Organization for Research and

Treatment of Cancer (EORTC). The core ques-

Clinical assessments
The clinical assessment included dental status,

oral condition and prosthetic rehabilitation.

Postoperative complications and implant survival

were recorded from the time of surgery until 1 year

after placement of the prostheses. Periodontal

indices were assessed six weeks after placing the

new dentures (T1) and 12 months later (T2). The

periodontal indices included the following parame-

ters: plaque index (Mombelli et al. 1987), bleeding index

(Mombelli et al. 1987), gingival index (Löe & Silness 1963),

probing depth, and implant mobility (Teerlinck et al.

1991). Probing depth was measured at four sites of

each implant (mesially, labially, distally, lingually)

by using a periodontal probe (Merit B, Hu Friedy,

Chicago, USA) after removal of the bar; the dis-

tance between the marginal border of the mucosa

and the tip of the periodontal probe was scored as

the probing depth. Mobility of the implants was

determined quantitatively by Perio Test Values, also

after removal of the bar. All clinical assessments

were performed by the investigator (PJS) who was

not involved in treatment of the patients.

Radiographic analysis
The oblique lateral radiographic technique was

used to determine resorption patterns of the

edentulous mandible and to study bone (re)mod-

eling processes following the placement of dental

implants (Stellingsma et al. 2000). At the start of pros-
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tionnaire consisted of 30 questions (items)

exploring six multi-item functional scales (phys-

ical function, role function, social function,

emotional function, cognitive function, and

overall health status/QoL), three multi-item

symptom scales (pain, fatigue and emesis) and
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58
75
49
63
67
48
58
50
58
54
50
53
67
68
55
55
62
55
63
54
58
64
64
71
71
65

Primary tumourAge Stage

Table 1. Patient characteristics regarding age, gender, primary tumour, staging, total dose, elapsed time between radiotherapy 
and implant placement in years, number of implants, number of lost implants, use of HBO therapy and status.

M
M
M
M
F
M
M
F
M
F
M
M
F
F
F
M
F
M
M
M
M
M
M
F
F
M

Mandibular gingiva
Mandibular gingiva
Mandibular gingiva
Mandibular gingiva
Tongue
Tongue
Floor of mouth
Floor of mouth
Tongue/Floor of mouth
Tongue/Floor of mouth
Oropharynx
Oropharynx
Oropharynx
Mandibular gingiva
Mandibular gingiva
Mandibular gingiva
Tongue
Tongue
Tongue
Floor of mouth
Floor of mouth
Floor of mouth
Oropharynx
Oropharynx
Tongue
Oropharynx/Base of tongue

T4N0
T4N0
T4N1
T4N0
T3N1
T3N1
T4N0
T2N0
T2N2
T2N1
T4N3
T2N0
T4N0
T4N0
T4N0
T4N1
T2N0
T4N0
T3N1
T2N1
T2N1
T3N2b
T4N0
T4N0
T2N1
T4N2c

TD*

59
58
60
61
55
66
60
57
70
60
63
52
66
60
116
63
64
52
46
60
72
60
50
50
50
66

6
1
2
1
9
3
2
1
10
2
6
3
3
3
1
1
6
3
2
9
8
1
3
6
3
6

5
4
6
4
4
4
4
3
4
4
4
4
4
5
4
2
4
4
4
2
4
4
4
4
4
4

1
–
–
1
–
1
–
–
–
4
1
–
–
2
–
–
–
–
1
–
–
–
–
–
–
–

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
No
No
No
No
No
No
No
No
No
No
No
No

Status*

Died NTR

No prosthesis
Died NTR
Died NTR
Died TR

Died TR

Died TR
Died TR
Died NTR

*

Died TR:
Died NTR:
No Prosthesis:

TD: cumulative dose in Gray at the implant site; TI: time interval between end of radiotherapy and placement of implants in years;
NI: number of implants;IL: number of implants lost.
Status:

Gender TI* NI* IL* HBO

died due to tumour related disease
died due to non-tumour related disease
no implant supported prosthesis could be made because of development of osteoradionecrosis 
and loss of all implants



0-36), psychological discomfort (5 items, range

0-20), psychological disability (6 items, range

0-24) and social disability (5 items, range 

0-20). In addition the OHIP-14 (14 items, range

0-56), a short form of the original OHIP-49

measuring the overall-impact of dental prob-

lems, was used (Slade 1997). 

• Denture Satisfaction was assessed using a val-

idated questionnaire consisting of eight sepa-

rate items focusing on the function of upper

and lower dentures, and on specific features

such as esthetics, retention and functional

comfort (Vervoorn et al. 1988). Each item was pre-

sented with a five point rating scale on which

the patient indicated the extent he or she was

(dis)satisfied. A high score indicated more dis-

satisfaction.

• Overall Denture Satisfaction was expressed on a

10-point rating scale (0-10), ‘0’ being complete-

ly dissatisfied, ‘10’ being completely satisfied.

• Subjective Chewing Ability was assessed by

using a 9-item questionnaire on which the

patient could rate on a 3-point scale her/his

ability to chew different kinds of food (Stellingsma

et al. 2005).

• The impact of denture problems on social

activities, such as going out, and contacting

and visiting people, was assessed with the

Groningen Activity Restriction Scale Dentistry

(GARS-D) (Bouma et al. 1997). GARS-D is an 11-

item scale yielding a score ranging from 0-22;

six single items (bowel function, breathing,

appetite, sleep disorders and economic seque-

lae (Aaronson et al. 1988). The head and neck mod-

ule contained 35 items exploring symptoms and

side effects of treatment. It comprised six multi-

item scales (pain, swallowing, senses, speech,

social eating, social contact, sexuality) and

seven single items (Bjordal et al. 1994). All scores

ranged from 0-100. With regard to the function-

al scales of the EORTC QLQ-C30, higher scores

meant higher QoL and better results. In the

symptom scales and the single-item scales of

the EORTC QLQ-C30, higher levels represent

higher degrees of problems caused by the

symptom, so that the best result in these scales

was a score of 0. The scores of the H&N mod-

ule finally also have a range from 0-100 with

higher scores representing higher degrees of

problems and good results showing low scores.

• The physical, psychological and social impact

of oral disorders was assessed using the Oral

Health Impact Profile (OHIP) questionnaire

comprising of six multi-item scales (Slade &

Spencer 1994; Allen & Locker 1997). Responses on each

item ranged from ‘very often’ (score 4) to

‘never’ (score 0). Adding the scores results in a

total score per scale; a high score means a high

impact on the aspect concerned. The six OHIP

scales assessed were functional limitation 

(9 items, range 0-36), physical pain (9 items,

range 0-36), physical disability (9 items, range
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the higher the score, the larger the impact on

social activities.

Data analysis
The data were evaluated using the Statistical

Package Social Sciences (SPSS, version 11.5 for

Windows, SPSS Inc., Chicago, USA). Changes were

stated as significant if p<0.05. Because the data was

not normally distributed, non parametric tests were

used; the Wilcoxon signed ranks test for two related

samples when comparing results within groups in

time. The Mann-Whitney U test for two independ-

ent samples was used when comparing patients

treated with and without HBO at the same time.

Results 

Patients
In total 26 patients, 17 men and 9 women (mean

age 60.1±7.5 years; range 47-77 years), were

included (Table 1). The interforaminal area of the

lower jaw in which the implants were inserted

received a cumulative radiation dose of at least 46

Gy (mean 61.4±12.9 Gy; range 46-116 Gy) at the

implant site. Two patients past away during the

osseointegration because of medical complica-

tions not related to the implant surgery. In 23

patients implant-retained overdentures were fabri-

cated, while in one patient no prosthesis could be

made because of loss of all implants related to

development of osteoradionecrosis. At the 1 year

evaluation, six patients were lost to follow-up due

to serious illness not related to implant surgery. 

Clinical assessments 
All patients receiving HBO therapy were able to ful-

fill the complete treatment without problems. In all

patients, the interforaminal bone volume was suf-

ficient to enable reliable placement of implants 

(Fig 1). No postoperative complications occurred
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Fig. 1. A 48-years old male patient previously treated because of a T3N1 squamous cell 

carcinoma of the tongue with local excision of the tumour and a unilateral supra-

omohyoid neck dissection. Six weeks after surgery, a fractionated radiotherapy scheme

was started up to a cumulative dose of 66 Gy. Three years later four dental implants 

were inserted in the mandible after 20 HBO treatments before placement of the implants

and 10 HBO treatments after implant surgery. In addition peri-operative antimicrobial 

prophylaxis with broad spectrum antibiotics was applied.

1A. Clinical intra-oral view showing the four implants connected with a bar. 

1B. Orthopantomogram 1.5 years after surgery showing the four implants and the bar.

A B



implant survival and success of the denture.

Osteoradionecrosis developed in one patient in

the HBO group. 

The mean scores on the indices for the peri-

implant parameters were low at all evaluation peri-

ods and did not change significantly over time

(Table 2), except for pocketdepth in the HBO group

where a significant increase was observed. There

was no significant difference in peri-implant

health between both groups except for plaque-

index at the 1-year interval. 

Radiographic evaluation 
During the first year after loading a minor,

although significant, peri-implant bone loss of

0.7±0.6 mm was observed at all implant sites

(0.6±0.6 mm and 0.7±0.7 mm at the HBO and

non-HBO sites, respectively). No significant dif-

ference in peri-implant bone loss was observed

between the HBO and non-HBO patients. 

Quality of life
All functional scales of the EORTC QLQ-C30

showed a strong tendency towards improvement

especially in the non-HBO group, but only emo-

tional functioning improved significantly. The symp-

tom scales and single items showed no changes

except for a temporary increase on dyspnoea at T1

in the HBO group and a decrease on pain at T1 in

related to implant surgery. Of the in total 103

placed implants, 11 implants were lost in 7 patients 

(Table 1), namely 8 implants before loading and 3

after loading. At the one-year evaluation, in two

patients treated without HBO 3 implants were lost

(implant survival rate 93.9%) and in 5 patients

treated with HBO 8 implants were lost (implant

survival rate of 85.2%). The difference between the

groups was not significant. Moreover, loss of

implants was not related to the time interval

between radiotherapy and placement of implants.

No significant difference was found in percent-

age of successful dentures on implants between

the both groups, neither existed a correlation

between the reconstructive procedures (i.e. pri-

mary closure, split skin graft, soft tissue free flap

or vascularized free flap), irradiation dose,
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Plaque-index (score 0-3)
Calculus (score 0-1)
Bleeding-index (score 0-3)
Gingiva-index (score 0-3)
Pocketdepth (mm)
Width attached gingiva (score 0-3)
Periotest  (scoring range: -8 – 50

1.5
0.0
1.4
0.3
2.6
1.6

–1.8

0.8
0.1
0.7
0.5
1.5
0.9
2.8

±

±

±

±

±

±

±

1.7
0.0
1.7
0.6
3.4
1.5

–1.2

1.0
0.0
0.4
0.8
0.9
0.7
3.6

2

±

±

±

±

±

±

±

0.9
0.1
1.0
0.4
2.5
1.9

–1.1

0.6
0.3
0.6
0.5
0.8
0.5

10.1

±

±

±

±

±

±

±

0.8
0.1
1.6
0.5
3.0
1.6

–3.1

0.8
0.3
0.4
0.4
0.7
0.9
5.6

1
±

±

±

±

±

±

±

HBO*

T1 T2

Non-HBO*

T1 T2

Table 2. Peri-implant parameters. A higher score indicates more plaque, calculus, bleeding, 
pocketdepth, width of attached gingiva and less stability of the implant (periotest).

*

1
2

HBO: patients with HBO-therapy; Non-HBO: patients without HBO-therapy;
T1: six weeks after placing new dentures; T2: twelve months after placing new dentures.
significant difference between HBO and Non-HBO.
significant difference between T1 and T2.
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the non-HBO group (Table 3). The items of the head

and neck module showed no significant changes.

Also no improvement could be observed from HBO

therapy on dryness of the mouth (Table 4). The

results of the Oral Health Impact Profile question-

naire showed a beneficial effect of the treatment on

psychological discomfort and strong tendencies

towards improvement on all other scales especially

in the non-HBO group (Table 5). 

Functional assessments and denture 
satisfaction
The questionnaires regarding denture satisfaction

showed significant improvement in time, but no

differences between the HBO and non-HBO

group were seen. The impact of denture problems

on social activities, as assessed with the GARS-D,

and the ability to chew different kind of foods

showed tendencies towards improvement for

both groups (Table 6). 
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Global health status /quality of life
Physical functioning
Role functioning
Emotional functioning
Cognitive functioning
Social functioning
Fatigue
Nausea and vomiting
Pain
Dyspnoea
Insomnia
Appetite loss
Constipation
Diarrhoea
Financial difficulties

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

HBO*

T0 T1 T2 T1 T2

Non-HBO*

T0

Table 3. Results of the functional scales, symptom scales and single items of EORTC QLQ-C30

*

a
b
c

HBO: patients with HBO-therapy; Non-HBO: patients without HBO-therapy;
T0: preoperatively; T1: six weeks after placing new dentures; T2: twelve months after placing new dentures.
significant difference T1 versus T0.
significant difference T2 versus T1.
significant difference between HBO and Non-HBO at the same point in time.

71.4
82.9
85.7
84.5
85.7
90.5
22.2
0.0
7.1
0.0

19.0
14.3
4.8
4.8
4.8

13.5
17.6
17.8
24.3
17.8
18.9
24.8
0.0

18.9
0.0

26.2
26.2
12.6
12.6
12.6

59.4
78.3
60.4
75.0
79.2
77.1
27.8
12.5
18.8
29.2
29.2
20.8
8.3
8.3

20.8

25.8
19.1
30.8
22.3
29.2
19.8
22.2
29.2
18.8
21.4
41.5
30.5
15.4
15.4
35.4

66.7
78.1
81.0
91.7
78.6
85.7
25.4
14.3
19.0
9.5

11.1
23.8
9.5

19.0
9.5

13.6
23.9
26.2
9.6

18.5
26.2
22.9
24.4
20.2
16.3
27.2
25.2
25.2
32.5
16.3

79.2
86.7
72.9
80.2
87.5
77.1
12.5
0.0

16.7
20.8
20.8
12.5
8.3
4.2

16.7

20.9
14.7
36.7
30.5
24.8
36.7
20.1
0.0

23.6
30.5
39.6
24.8
15.4
11.8
35.6

85.4
84.2
87.5
94.8
87.5
89.6
15.3
0.0
2.1

12.5
12.5
4.2
4.2
0.0

16.7

24.3
12.3
23.1
11.7
14.8
17.7
16.7
0.0
5.9

17.3
24.8
11.8
11.8
0.0

35.6

a

b c

a,c

84.3
86.7
83.3
89.8
88.9
87.0
14.8
1.9
5.6

14.8
18.5
11.1
0.0
3.7

14.8

19.7
16.7
23.6
10.8
18.6
21.7
20.8
5.6

11.8
17.6
24.2
23.6
0.0

11.1
33.8



denture. In this respect, the question of whether

or not HBO increases implant success in irradiat-

ed patients is important. The results of this study

did not show a beneficial effect of HBO with

regard to implant survival and prevention of

osteoradionecrosis when compared to non-HBO

treated patients who received only the prophylac-

tic antibiotics. Unfortunately, it was not possible

to assess the value of prophylactic antibiotics in

our patient cohort too, because it is common

sense to apply antibiotic prophylaxis in patients

Discussion

Surgical treatment of malignancies in the oral

cavity and subsequent radiotherapy often result

in an anatomic and physiological oral condition

unfavorable for prosthodontic rehabilitation. This

unfavorable oral condition may have a negative

effect on both denture satisfaction and quality of

life in general. As shown in this study, many of

these problems can, at least in part, be dimin-

ished by the use of an implant-retained lower
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Pain
Swallowing
Senses problems
Speech problems
Trouble with social eating
Trouble with social contact
Less sexuality
Teeth
Opening mouth
Dry mouth
Sticky saliva
Coughing
Felt ill
Pain killers
Nutritional supplements
Feeding tube
Weight loss
Weight gain

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

Table 4. Results of the multi-item scales and single items of EORTC QLQ-H&N35.

* HBO: patients with HBO-therapy; Non-HBO: patients without HBO-therapy;
T0: preoperatively; T1: six weeks after placing new dentures; T2: twelve months after placing new dentures.

HBO*

T0 T1 T2 T1 T2

Non-HBO*

T0

9.5
28.6
23.8
6.3

21.4
1.9
9.5

22.2
38.1
52.4
19.0
4.8
0.0

28.6
28.6
0.0
0.0
0.0

12.2
23.0
21.2
8.7

17.9
3.3

25.2
34.4
40.5
42.4
32.5
12.6
0.0

48.8
48.8
0.0
0.0
0.0

22.9
30.2
33.3
25.0
33.3
7.5

16.7
29.2
25.0
62.5
20.8
16.7
16.7
25.0
25.0
0.0

12.5
25.0

23.9
25.9
37.8
20.4
34.8
14.0
25.2
27.8
29.5
27.8
30.5
25.2
25.2
46.3
46.3
0.0

35.4
46.3

20.2
34.5
38.1
12.7
27.4
6.7

28.6
28.6
23.8
61.9
23.8
19.0
14.3
42.9
28.6
0.0

14.3
0.0

18.5
27.0
31.5
16.3
17.8
10.2
35.6
23.0
25.2
40.5
31.7
26.2
26.2
53.5
48.8
0.0

37.8
0.0

13.5
22.9
33.3
22.2
36.5
13.3
31.3
23.8
37.5
58.3
50.0
4.2
4.2

12.5
25.0
0.0

12.5
37.5

17.2
15.9
28.2
27.2
37.3
21.7
44.0
41.8
33.0
46.3
47.1
11.8
11.8
35.4
46.3
0.0

35.4
51.8

9.4
16.7
27.1
18.1
29.2
7.5

10.0
12.5
25.0
54.2
50.0
12.5
4.2

25.0
37.5
0.0

12.5
0.0

12.9
23.6
28.1
27.2
28.9
16.1
14.9
24.8
23.6
39.6
39.8
17.3
11.8
46.3
51.8
0.0

35.4
0.0

14.8
23.1
27.8
11.1
23.1
2.2

19.0
22.2
29.6
51.9
51.9
14.8
7.4

22.2
22.2
0.0

11.1
11.1

12.3
15.5
30.0
16.7
33.3
3.3

33.9
33.3
30.9
37.7
33.8
24.2
22.2
44.1
44.1
0.0

33.3
33.3
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subjected to surgical treatment (including extrac-

tions and implant placement) in irradiated areas.

Although not evidence based, there is strong clin-

ical support for the use of antibiotic prophylaxis

to minimise risk of development of osteora-

dionecrosis (Nemeth et al. 2000; Rothstein 2005).

Because of the high morbidity of osteo-

radionecrosis when it develops, it is for ethical

reasons not allowed to perform such a control

experiment in this patient cohort. 
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OHIP14
Functional limitation
Physical pain
Physical disability
Psychological discomfort
Psychological disability
Social disability

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

±

HBO*

T0 T1 T2 T1 T2

Non-HBO*

T0

Table 5. Results of the Oral Health Impact Profile (OHIP).

*

a
b
c

HBO: patients with HBO-therapy; Non-HBO: patients without HBO-therapy;
T0: preoperatively; T1: six weeks after placing new dentures; T2: twelve months after placing new dentures.
significant difference T1 versus T0.
significant difference T2 versus T1.
significant difference between HBO and Non-HBO at the same point in time.

18.3
16.9
13.6
18.3
4.9
2.7
2.3

9.9
9.6

11.0
8.1
4.7
3.9
3.5

20.7
17.0
11.3
15.9
4.6
5.8
3.6

15.3
8.0
8.0

12.0
3.6
5.3
4.1

15.0
14.3
8.3

16.1
2.1
2.2
0.8

7.3
4.9
5.4
9.2
2.1
3.4
1.6

23.9
18.0
12.5
19.7
8.3
6.9
6.5

17.1
9.3

10.3
9.7
8.0
8.4
8.0

13.7
11.7
7.9

11.0
1.3
2.8
3.0

14.1
6.6
9.3
9.8
2.4
5.1
5.3

12.7
12.1
8.6

11.1
1.3
1.2
1.8

9.7
7.4
5.6
9.1
1.8
2.7
4.0

a,c b

GARS-D
Overall denture satisfaction
Denture satisfaction
Chewing / eating

3.1
4.4

28.0
13.3

3.1
2.3
6.8
2.5

±

±

±

±

7.4
6.8

16.9
11.6

7.8
1.6
4.6
6.5

±

±

±

±

5.3
7.0

17.7
11.0

5.5
2.1
6.2
5.4

±

±

±

±

8.0
4.9

26.0
13.4

7.9
2.6
9.7
3.5

±

±

±

±

5.3
7.1

13.3
10.7

6.5
2.6
4.3
4.8

±

±

±

±

4.3
7.8

13.6
10.0

7.4
1.3
4.6
5.6

a

a

a

b

b

±

±

±

±

HBO*

T0 T1 T2 T1 T2

Non-HBO*

T0

Table 6. Results of the functional assessments and denture satisfaction

*

a
b

HBO: patients with HBO-therapy; Non-HBO: patients without HBO-therapy;
T0: preoperatively; T1: six weeks after placing new dentures; T2: twelve months after placing new dentures.
significant difference T1 versus T0.
significant difference T2 versus T0.



in this trial seems remarkable, but is mainly

caused by one HBO treated patient who devel-

oped osteoradionecrosis and subsequently lost all

four implants. However, also during the follow up

of the patients included in this trial beyond the

observation period of this study, again patients in

the HBO group tended to lose implants at a high-

er rate than patients treated without HBO result-

ing in a three years implant survival rate of 81%

and 92%, respectively. Moreover, in contrast to

what has been posed in the literature no relation

was found between the loss of implants and the

time interval between radiotherapy and placement

of implants in our study (Granstrom 2005). However,

if the observation of Granstrom that implant loss

increases with time elapsed between end of radio-

therapy and implant placement is real, this effect

might be masked in our study by the too small

sample size to confirm or reject this conclusion. 

It often has been suggested that HBO may

exert a positive effect on irradiation-induced oral

dryness, but no clinical trials are available in the

literature supporting such an assumption to date.

This is in line with a study assessing the efficacy of

HBO in the management of patients with radia-

tion-induced late side effects revealing a low

response rate of salivary symptoms to HBO treat-

ment (Bui et al. 2004). Our study confirmed the latter

data as HBO treated patients reported a compa-

rable level of oral dryness as non-HBO treated

patients. 

HBO therapy needs expensive equipment,

requires significant patient compliance and

involves financial costs per patient treatment. In

addition, HBO therapy is not without risks and

adverse effects like barotrauma, particularly of the

middle ear, O2 seizures or a change in the refrac-

tive power of the lens (Coulthard et al. 2002). There are

many papers written about the subject, including

thorough review articles, but randomized con-

trolled trials are lacking (Esposito et al. 1998; Chiapasco

1999). The randomized controlled trial, more than

any other study design provides the most reliable

evidence for treatment effectiveness (Coulthard et al.

2002). Based on the available literature, no conclu-

sions could be stated about the indications and

usefulness of HBO for irradiated patients under-

going implant therapy. This is in accordance with

the results of our randomized clinical trial.

Although the study population of our trial is rather

small, the outcome of this randomized clinical

trial clearly shows that a very large population is

needed to detect a clinical significant difference

between HBO treated and non-HBO treated

patients with regard to implant success and pro-

phylaxis of osteoradionecrosis, if any. In this

respect it even can be doubted if a randomized

controlled trial with larger groups will give results

in favour of HBO when looking at the tendencies

in this study. 

The difference in implant survival between the

HBO and non-HBO treated patients as observed
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In general we were surprised by the better per-

formance of patients not treated with HBO on

almost every aspect of this controlled trial. A pos-

sible explanation could be the extra treatment bur-

den encompassing thirty sessions of HBO. As

patients may become tired of treatment, especial-

ly when there is apparently not a very great effect

to be expected on the treatment outcome, such an

effect might negatively influence quality of life

measurements and denture satisfaction in HBO

treated patients.

In this study a negligible effect of rehabilitation

of oral function on quality of life was observed.

Many of the instruments available for measuring

quality of life in head and neck cancer patients are

probably not sensitive enough to measure such an

effect. This conclusion is in line with a recent con-

sensus report on oral and facial rehabilitation also

noting that the “quality of life in oral and facial

rehabilitation is largely unresearched. Prospective

studies that quantify quality of life related to sur-

gical measures are lacking” (Cawood & Stoelinga 2006).

This observation was one of our reasons to per-

form our randomized clinical trial. The consensus

continued “There is an apparent need to develop

and employ specific instruments for the assess-

ment of quality of life in oral and facial rehabilita-

tion and to apply them in prospective trials”

(Cawood & Stoelinga 2006). Again this was one of the

main topics of our research. Moreover, “Health-

related quality of life measurements in this respect

need a specific questionnaire with appropriate

sensitivity and responsiveness. This is supposed

to be in addition to existing validated question-

naires tapping broader concepts, e.g. head- and

neck-specific questionnaires” (Cawood & Stoelinga

2006). This was our reason for combining EORTC

QLQ-C30 with EORTC H&N35, OHIP, (overall)

denture satisfaction, subjective chewing ability

and GARS-D. With exception of the EORTC

H&N35, the more head- and neck specific ques-

tionnaires showed some significant changes,

while the applied treatment did not result in a

change in the overall quality of life as measured

with e.g. the EORTC QLQ-C30 and EORTC

H&N35. A major reason that even the more spe-

cific questionnaires did not detect large changes

in the quality of life might be that the oncology

treatment, in particular radiotherapy, have result-

ed in so much distress and morbidity (such as

worries about survival, fatigue, xerostomia, tris-

mus, loss of taste, swallowing disorders, prob-

lems with speech) that wearing an implant-

retained lower denture might have minor to no

impact on overall quality of life. However, when

assessing the more specific oral complaints that

are related to denture problems, it was obvious

that most patients reported significant improve-

ment of their denture comfort as is obvious from

the denture satisfaction scores. Thus when

assessing the impact of oral treatments on the

quality of life, one has to ask those questions
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study sample was too small to make such a firm

conclusion against a potential benefit of HBO

therapy with regard to implant survival. Finally,

one has to keep in mind that an implant-support-

ed prosthesis is not a guarantee for uncompro-

mised oral function after head and neck oncology

treatment, but can be considered a significant fac-

tor contributing to the well being of these patients.
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regarding quality of life that focus on the oral com-

ponent. The EORTC H&N35 seems to be not as

specific as needed in this respect and the OHIP,

GARS-D, denture satisfaction and chewing ability

scores are just too specific for the oral component

thus not reflecting an impact on the more general

quality of life. Thus, there is still a need for devel-

oping more specific questionnaires addressing

the impact of the oral component on quality of

life. 

This study shows that radiotherapy should not

be considered an absolute contraindication for

implant therapy in the mandible. According to our

randomized clinical trial, HBO therapy does not

influence the failure rate of implants inserted in

mandibles when compared to patients treated

without HBO therapy. Therefore the potential ben-

efit of preventive HBO therapy, as assumed by

some authors in the literature could not be con-

firmed (Jisander et al. 1997; Granstrom 2005). The latter

authors based their conclusions on retrospective

studies. Moreover, our findings are in line with the

Cochrane review of Coulthard indicating that there

is insufficient evidence for a beneficial effect of

HBO with regard to implant survival (Coulthard et al.

2002). Future research with larger groups of

patients, probably multi-centred, should address

whether there is potential benefit of hyperbaric

oxygen treatment with regard to implant survival

in irradiated patients, if any. Such a beneficial

effect could not be shown in our study, but the
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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. 

99

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
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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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General aim

The general aim of this study was to gain insight

into the effects of oral and maxillofacial rehabilita-

tion in head and neck cancer patients using

implant-retained prosthetics with regard to treat-

ment planning, implant survival, treatment out-

come and quality of life.

Treatment planning

it was concluded, from the literature review (chap-

ter 2), that for optimal treatment planning con-

cerning prosthodontic rehabilitation of head and

neck cancer patients both maxillofacial prostho-

dontists and implant surgeons should be mem-

bers of the multidisciplinary head and neck

oncology team. From chapter 5, we learned that an

implant retained lower denture should be consid-

ered in the oral rehabilitation of every edentulous

patient with oral cancer. Moreover, when post-

operative radiation therapy might be part of the

cancer treatment plan, implants are preferably

inserted during ablative surgery as bone physio-

logy is not compromised by the cancer treatment

itself at that stage. During ablative surgery, even a

mandibulotomy can be combined safely with the

insertion of implants in the ventral part of the

edentulous mandible (chapter 3). The early reha-

bilitation potential achieved with this approach

and its reduced risk on tissue complications when

compared to implant surgery at irradiated sites,

outweighs the concern over the few implants that

cannot be used. Amongst other benefits, the

avoidance of additional surgery, no need for hyper-

baric oxygen (HBO) treatment, and occurrence of

osseointegration before radiotherapy are all

advantageous. However, further consideration of

this treatment’s cost-effectiveness is needed.

When the oncological resection includes more

than half of the symphyseal region of the mandible

implants cannot be inserted as part of the cancer

surgery because of the grossly altered anatomical

situation and intermaxillary relationship. These

circumstances may lead to improper positioning

and angulation of the implants in the

reconstructed bone. In addition, implant stability

usually can not be achieved in the exposed cancel-

lous bone. For the goal of secondary implant inser-

tion and maximum chances for rehabilitation of

function, the continuity of the mandible should be

restored immediately in the latter cases, preferably

with vascularised bone of sufficient quantity to be

able to insert implants of sufficient length and in a

prosthodontically preferred area in a later stage.

Since most recurrences of oral malignancies

manifest themself within one year after initial

oncological treatment, it may be prudent to wait at
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Implant survival

When placing implants during ablative surgery,

the observed implant survival rate of 97%, in irra-

diated and non-irradiated head and neck cancer

patients in the first year after placement of the

prosthesis, is almost as high as in healthy subjects

and the peri-implant parameters resembled those

of both non-irradiated oncology cases and healthy

subjects (Meijer et al. 2004). However, when placing

implants after radiotherapy, with or without HBO

prophylaxis, implant survival was 89% compared

with an overall rate of 87% in the literature (Shaw et

al. 2005). Our observation that HBO had no signifi-

cant effect on implant survival contrasts the find-

ings of Granstrom who strongly recommended

adjunctive use of HBO with implant installation

(Granstrom 2003). Additionally, several other groups

have reported that they too found no relationship

between HBO use and implant survival (Shaw et al.

2005; Niimi et al. 1998). Moreover, our findings are in

line with the Cochrane review of Coulthard indi-

cating that there is insufficient evidence for a

beneficial effect of preventive HBO with regard to

implant survival (Coulthard et al. 2002). As has been

previously reported by Schliephake implant loss,

when placed after radiotherapy, might be progres-

sive in time (Schliephake et al. 1999). Whether this

trend will continue and prejudice prosthesis reten-

tion over prolonged review remains a matter for

speculation and additional research.

least one year before secondary implant place-

ment.

In contrast to the approach described in the

previous paragraph, some authors advocate sec-

ondary implant placement (Shaw et al. 2005).

According to these authors, the perceived advan-

tages of delayed implant placement include the

ability to make detailed assessment of disease sta-

tus, oral function, motivation and rehabilitation

requirements of the patient before commencing

treatment. However, even in cases with tumour

recurrence there is a fair chance that patients can

benefit from improvements to their quality of life

as related to an implant- retained prosthesis.

Therefore, we would suggest consideration of pri-

mary implant placement even in cases of

advanced tumours should they be treated with

curative intent. In the latter cases, oral function

and rehabilitation requirements can be estimated

before oncological treatment on the basis of the

surgical therapy required and clinical experience.

This has been shown to be a valuable approach as

experience has taught us that despite poor oral

function after cancer treatment, the motivation for

oral rehabilitation is often absent due to a

patient’s fear of additional surgery or unwilling-

ness to undergo further elective procedures that

could improve oral functioning and quality of life.

Placement of the implants during ablative surgery

could be advantageous as it would avoid the need

for this additional procedure.
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Treatment outcome 

Except for one patient who developed osteora-

dionecrosis, which resolved after removal of the

implants and adjunctive hyperbaric oxygen treat-

ment, there were no complications from implant

placement during the first year after loading the

implants. The mean scores on the indices for the

peri-implant parameters and the results from the

radiographic evaluation were comparable to

healthy non-cancer patients (Batenburg et al. 1998b). In

addition, the results on denture satisfaction, sub-

jective chewing ability and general quality of life

were also comparable to healthy non-cancer

patients (Boerrigter et al. 1995).

Quality of life

Despite significant improvements on oral function

and denture satisfaction in our studies, it could not

be demonstrated that oral rehabilitation signifi-

cantly impacted on a patient’s quality of life. A

major reason that even the most specific question-

naires could not detect a significant improvement

in a cancer patient’s quality of life may be because

the impacts and stress caused by the disease and

its life saving treatments, such as radiotherapy, has

generated so much distress and concern (includ-

ing worries about survival, fatigue, xerostomia, tris-

mus, loss of taste, swallowing disorders, problems

with speech) that the benefits associated with

wearing an implant-retained lower denture are not

perceived as having a significant impact by the

patients in terms of quality of life. Moreover, when

compared to other studies in the literature, the

quality of life scores at the starting point were rela-

tively high (Klug et al. 2002; Schliephake & Jamil 2002).

Because the initial quality of life scores were high,

it was difficult to measure the additional benefits

from prosthodontic intervention. However, when

assessing the more specific oral complaints relat-

ed to denture problems, most patients reported

significant improvements in denture comfort as

evidenced by the denture satisfaction scores. Thus,

when assessing the impact of oral treatments on

the quality of life, one has to ask those questions

regarding quality of life that focus on the oral com-

ponent. This view is in line with a recent report on

the further development of the Liverpool Oral

Rehabilitation Questionnaire which states “there

are many head and neck cancer questionnaires,

but none that deal specific with oral rehabilitation”

(Pace-Belzan et al. 2006). Ringash and Bezjak reviewed

eight of the head and neck cancer questionnaires

and concluded that there are a sufficient number of

questionnaires available for general assessment,

but they also commented on the need for more

specific tools when assessing the impact of dis-

ease and intervention on the quality of life of

patients (Ringash & Bezjak 2001). Although we selected

111



patients results in fewer complaints related to oral

functioning and a higher degree of patient satis-

faction. However, a positive effect on the non oral

function related aspects of the overall quality of life

could not be demonstrated with the applied tools.

The difficulty demonstrating a positive effect was

thought to be because the patients already had a

relatively good quality of life before oral and max-

illofacial rehabilitation, thus making the effect of

prosthodontic rehabilitation of head and neck can-

cer patients on the overall quality of life more diffi-

cult to assess. Moreover, the overall quality of life

seemed not so much be determined by the oral or

maxillofacial defect resulting from ablative surgery,

but to be most determined by the sequelae of

radiotherapy. Nevertheless, with regard to certain

quality of life subscales, those specifically related

to aspects of oral functioning, a significant

improvement was noted in relation to oral and

maxillofacial rehabilitation. This urges us to think

of ways to make the oral and maxillofacial rehabili-

tation even more successful, both with regard to

implant survival and overall quality of life. Below

are a number of possibilities for further study:

• assessment of long term results of oral and

maxillofacial rehabilitation regarding treatment

outcome and effect on quality of life:

The one year results of oral rehabilitation of the

edentulous mandible have been presented

within this thesis. However, because implant

loss may be progressive in time and because

for our study validated questionnaires from the lit-

erature that were thought to bear sufficient speci-

ficity to reach our goals, the EORTC H&N35

appeared to be not as specific as needed in this

respect and the OHIP, GARS-D, denture satisfac-

tion and chewing ability scores appeared to be just

too specific for the oral component thus not

reflecting an impact on the more general quality of

life. As these questionnaires are the best available,

commonly used questionnaires to measure quality

of life in head and neck cancer patients, there still

appears to be a need for developing more specific

questionnaires that focus on the impacts of oral

rehabilitation on a patient’s quality of life. 

The long term benefits for patients is another

critical topic of discussion in regards to the out-

comes of the applied oral rehabilitation on quality

of life. We predominantly reported on the one year

results after placement of implant-retained pros-

theses, and this could be a good indication of long

term results as Rogers et al. indicated that quality

of life evaluation one year after completion of oral

rehabilitation is a useful marker of long-term treat-

ment outcome (Rogers et al. 1999).

Future research 

As shown in this study, implant-based oral and

maxillofacial rehabilitation of head and neck cancer
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the shown “treatment effect” may gradually

decline with time, there is a need to assess the

long term outcomes of treatment. As a starting

point, the patients included in the various

studies in this thesis will be followed for at least

5-10 years.

• assessment of the cost-effectiveness of oral

and maxillofacial implant-based, prosthodontic

rehabilitation of defects resulting from cancer

treatment:

When placing implants simultaneously with

ablative surgery some implants will probably

never be used and others will only be used for

a limited period of time due to recurrent dis-

ease. Moreover, patients may die before being

prosthodontically rehabilitated or no denture

can be fabricated to the full satisfaction of a

patient due to, amongst others, the changed

anatomic situation. However, patients under-

going the simultaneous placement of implants

with the ablative surgery will be rehabilitated

faster, which could exert a positive effect on the

quality of life. This dilemma needs to be further

analysed in order to more fully understand its

cost-effectiveness. 

• assessment of the effect of HBO prophylaxis

on implant survival, treatment outcome and

quality of life in a multicenter trial:

The outcome of our randomized clinical trial

clearly showed that a large population is needed

to detect a clinically significant difference

between HBO treated and non-HBO treated

patients with regard to implant survival, treat-

ment outcome, quality of life and prophylaxis of

osteoradionecrosis. Future research with larger

groups of patients should address whether

there is potential benefit of HBO prophylaxis on

implant treatment in irradiated patients. It is

assumed that multi-centre trials will be needed

to ensure that there are sufficient patients for a

randomized clinical trial with sufficient power.

• development of validated quality of life ques-

tionnaires focussed on measuring the effects of

oral and maxillofacial rehabilitation on the

(overall) quality of life:

Patient-derived results are critical in measuring

patient perceptions of symptoms and the suc-

cess or failure of treatments. As stated earlier,

there are many head and neck cancer question-

naires, but none of them deal specifically with

the effects of oral rehabilitation on quality of life. 

• development of validated oral function tests

aimed at measuring the effects of oral and

maxillofacial rehabilitation in head and neck

cancer patients:

By developing a battery of oral function tests,

the effects of surgical therapy and prosthodon-

tic intervention could be measured more objec-

tively instead of using questionnaires that are

possibly as discriminative as needed to eluci-

date specific components of oral function and

the effect of oral rehabilitation on quality of life.
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the rehabilitation of head and neck cancer

patients. Although the sequelae resulting from

radiotherapy seemed to dominate oral functioning

and quality of life after oncology treatment,

implant-retained lower dentures were shown to

substantially improve the quality of life related to

oral functioning and denture satisfaction in head

and neck cancer patients. Similar beneficial effects

were observed in regards to satisfaction and qual-

ity of life in implant-based rehabilitation of extra-

oral defects. 

Based on the very promising treatment rehabilita-

tion outcomes of oral and maxillofacial defects

using implants, the following major conclusions

can be drawn on basis of the results described in

this thesis:

• The use of implants in the post cancer oral reha-

bilitation treatment should be seriously consid-

ered for all edentulous patients with a malig-

nancy in the oral cavity. Such rehabilitation has

to be considered as an integral part of the care

for the head and neck oncology patient.

Moreover, for optimal treatment planning both

maxillofacial prosthodontists and implant sur-

geons should be members of the multidiscipli-

nary head and neck oncology team.

• There is a strong tendency towards implant

insertion during ablative surgery in order to

prevent surgery on irradiated tissue and to

reduce the necessary time for functional reha-

bilitation of the head and neck cancer patient.

• optimizing the radiation treatment portals and

schedules to minimize the radiation dose to

mandibular bone thus reducing the risk of radi-

ation sequelae interfering with implant place-

ment:

Advanced dose delivery to normal tissues,

using up to date radiotherapy techniques

(three-dimensional conformal radiotherapy,

intensity-modulated radiotherapy, protons),

allows for the development of an accurate treat-

ment plan that will deliver the prescribed radi-

ation dose to the tumour volume, while at the

same time reducing radiation exposure to adja-

cent normal tissues including the area planned

for implant placement.

• development of endosseous implants specifi-

cally designed for placement in the immuno-

compromised host:

Implant survival and peri-implant health will be

improved by the development of surface char-

acteristics of endosseous implants aimed at

increasing these parameters in compromised

bone.

Conclusions

As described in the previous chapters and dis-

cussed above, the use of implant-retained pros-

theses has resulted in significant achievements in
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In addition, a mandibulotomy is not a reason

for postponing implant insertion during abla-

tive surgery, as it was shown that a mandibulo-

tomy can be combined safely with the insertion

of implants in the ventral part of the edentu-

lous mandible.

• Adjuvant prophylactic hyperbaric oxygen thera-

py could not be shown to enhance implant sur-

vival in radiated mandibular jaw bones.

• Implant-retained facial prostheses are better

tolerated than adhesive retained prostheses,

and they offer an improvement in the quality of

life.
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Surgical treatment of malignancies in the head

and neck region often results in an altered

anatomical situation, which may cause severe dis-

turbances in, e.g., oral functioning and quality of

life. For example, the defects resulting from

tumour surgery, either primary closed or recon-

structed with free, transposition or vascularised

flaps, often result in impairment of speech, chew-

ing (mastication), swallowing and aesthetics. This

adverse oral condition often further deteriorates

after postsurgical radiotherapy, due to radiation-

induced oral sequelae like reduction of salivary

secretion, increased sensitivity of the oral mucosa

to oral infections and a decreased load bearing

capacity for dentures. Therefore, from a prostho-

dontic point of view, the possibilities for oral reha-

bilitation of head and neck cancer patients are

seriously at risk.

Until recently neither reconstructive surgery nor

conventional prosthodontic techniques were capa-

ble of successfully addressing the aforementioned

problems. Currently, a proper choice of reconstruc-

tion techniques in combination with prosthodontic

rehabilitation with implant supported or retained

prostheses is generally thought to be of some ben-

efit in the oral and maxillofacial rehabilitation of

these patients. Based on this assumption, the use

of implants has been advocated with increasing

frequency for prosthetic support in patients who

have been treated for malignancies in the head and

neck region. In order to provide better evidence for

this approach, the PhD research project described

in this thesis was performed with the intent to gain

insight into the effects of maxillofacial rehabilita-

tion in head and neck cancer patients using

implant-retained prostheses. This research consid-

ers the patient’s rehabilitation in regards to treat-

ment planning, implant survival, treatment out-

come and quality of life. The outcomes of this

research project could provide a sound basis for

identifying the preferred oral rehabilitation treat-

ment approach(es). 

Chapter 2 includes both a rationale for treat-

ment planning and a literature review of the out-

comes associated with the use of implants for oral

rehabilitation of the edentulous mandible in

patients treated for a malignancy in the lower

region of the oral cavity. Surgical interventions

after radiotherapy are preferably avoided because

of compromised healing. This compromised heal-

ing increases the risk of radionecrosis of soft tis-

sues and bone, and  the loss of implants. If surgi-

cal treatment after radiotherapy is necessary then

measures to prevent implant loss and develop-

ment of radionecrosis have to be considered, e.g.,

antibiotic prophylaxis and/or pre-treatment with

hyperbaric oxygen (HBO). Problems related to

compromised healing after radiotherapy in cases

where postoperative radiotherapy is scheduled or

possibly will be applied, might be avoided by

inserting implants during ablative surgery into

consideration. This approach requires a thorough
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of a mandibulotomy and implant insertion in the

same area. As successful post surgery prostho-

dontic rehabilitation of oral and oropharyngeal

tumours needs to start in time with treatment

planning in the pre-ablative stage, it is important

to consider whether implants might be beneficial

in the given situation, particularly when radiother-

apy is or might be indicated. The developed tech-

nique composed of pilot drilling of the implants

before performing the mandibulotomy. After

tumour resection, reconstruction and restoration

of the continuity of the mandible, the final drilling

and insertion of the implants is completed.

Subsequently, all patients received radiation ther-

apy within 6 weeks after surgery. Implant retained

mandibular overdentures were fabricated 6

months after irradiation. Furthermore, a standard-

ised clinical and radiographic evaluation was per-

formed at regular intervals of time. No complica-

tions with respect to the combination of implant

insertion and mandibulotomy were observed,

either during and post surgery. In addition, no

adverse mucosal reactions were observed during

the course of radiotherapy, no cases of osteo-

radionecrosis developed and no implants were

lost. Clinical and radiographic evaluation revealed

healthy peri-implant parameters. From this study

it was concluded that, when following the tech-

nique described, a mandibulotomy can be safely

combined with the insertion of implants in the

ventral part of the edentulous mandible. 

presurgical examination and multidisciplinary

consultation (oncologists, dentists, radiothera-

pists) to determine the best overall treatment

plan. Additionally, the primary curative intent of

the oncological treatment and the prognosis for

later prosthodontic rehabilitation have to be con-

sidered. The literature review illustrated that there

are still shortcomings in scientific evidence about

the timing of implant insertion with regard to

radiotherapy and about the indications and poten-

tial benefits of preventive HBO therapy (preven-

tion of radionecrosis, reduction of loss of

implants). Future research should address these

issues. 

Currently, there is a strong tendency towards

implant insertion during ablative surgery in order

to prevent surgery in irradiated tissue and to

reduce the time required for final functional reha-

bilitation of the head and neck cancer patient after

tumour surgery. Implant placement during abla-

tive surgery is in doubt in cases where there is a

loss of continuity of the mandible, even if the con-

tinuity of the mandible is restored with a bone

transplant. In the latter cases, it is as a rule better

to refrain from implant placement during ablative

surgery if proper positioning is in doubt.

A mandibulotomy can be necessary to

approach a tumour in the oral cavity or orophar-

ynx. The aim of the study, described in Chapter 3,

was to develop and prospectively evaluate a tech-

nique that enables the simultaneous performance

134



Chapter 4 presents the results of an assess-

ment of the quality of life related to oral function-

ing in edentulous head and neck cancer patients

following oncology treatment of malignancies in

the lower region of the oral cavity with a combina-

tion of surgery and radiotherapy. In order to meas-

ure the effects of implant therapy on quality of life

and functional outcome there was also a require-

ment to understand the oral status of patients

who were not being treated with implant-retained

mandibular overdentures. The study was also

aimed at obtaining insights into the instruments

that might be useful to measure quality of life and

effects of oral rehabilitation in head and neck can-

cer patients. Patients treated between 1990 and

2000 with surgery and radiotherapy for a squa-

mous cell carcinoma in the oral cavity and who

were edentulous in the mandible and had been

treated with a conventional, non-implant retained

denture, received an invitation for a clinical check-

up. The check-up included a standardised anam-

nesis, a clinical assessment and questionnaires

regarding oral functioning and quality of life). In

total 67 out of the 84 patients who met the criteria

were willing to participate in this study. The mean

irradiation dosage that these patients had

received in the oral region was 61.8±5.4 Gy. The

results showed that many patients were not very

satisfied with their prostheses. Furthermore, half

of the patients (N=33) wore their mandibular pros-

theses at most only a few hours a day. It was con-

cluded from the clinical assessment that two

thirds of the patients (N=44) could possibly bene-

fit from an implant-retained mandibular denture.

Analyses of the questionnaires revealed no signif-

icant associations between functional assess-

ments, quality of life and parameters like size of

the primary tumor, location of the primary tumor

and different treatment regimes. Despite being

treated for cancer, the patients reported a relative-

ly good general quality of life. Moreover, many oral

complaints were related to radiation sequelae

rather than to the problems the patients had expe-

rienced with the conventional dentures per se. It

was concluded that sequelae resulting from radio-

therapy probably dominate oral functioning and

quality of life after oncology  treatment. As in two

thirds of the patients improvement of oral func-

tioning and the aspects of quality of life related to

oral functioning was expected from making an

implant-retained mandibular denture, it was

decided to perform a prospective trial assessing

the effects of implant-retained mandibular over-

dentures on oral functioning and quality of life in

this category of patients (chapter 5). 

The aim of the study described in Chapter 5

was to prospectively evaluate the treatment out-

come (condition of peri-implant tissues, implant

survival, oral functioning) and the impact on qual-

ity of life of prosthodontic rehabilitation with

implant-retained mandibular overdentures in

head-neck cancer patients. As implant surgery at
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Major functional improvement was observed in

non-radiated patients. In the radiated patients, a

slighter, but still significant, improvement in the

functional items not related to the oral sequelae of

radiotherapy was observed. In concordance with

the quality of life assessments, denture satisfac-

tion improved and this improvement tended to be

higher in non-irradiated than in irradiated

patients. It was concluded that implant-retained

lower dentures can substantially improve the qual-

ity of life related to oral functioning and denture

satisfaction in head-neck cancer patients. The

potential effect on oral functioning and quality of

life with implant-retained mandibular overden-

tures is expected to be larger in non-irradiated

than in irradiated cancer patients.

Chapter 6 offers a prospective assessment of

the effect of HBO therapy on the outcomes of

treatment (condition of peri-implant tissues,

implant survival, oral functioning and quality of

life) of prosthodontic rehabilitation with implant-

retained mandibular overdentures in irradiated

head and neck cancer patients. The assessment

was carried out at both 6 weeks and 1 year after

placement of new dentures. This study was per-

formed, because there was no consensus or sound

evidence in the literature concerning the benefits

of HBO in improving osseointegration of dental

implants in mandibles, in reducing loss of

implants and in minimising the risk on develop-

ment of osteoradionecrosis in patients who have

irradiated sites carries the significant risk of the

development of soft and hard tissue necrosis, and

the loss of implants, for this study it was thought

to be reasonable to place implants prior to post-

operative radiotherapy, preferably simultaneously

with ablative surgery. The treatment outcome of

prosthodontic rehabilitation with implant-retained

mandibular overdentures was also related to the

treatment outcome of prosthodontic rehabilita-

tion with conventional dentures as described in

chapter 4. Therefore, in the studies described in

these two chapters the same instruments for

measuring quality of life and the effects of oral

rehabilitation were applied. The treatment out-

come and the impact on quality of life of implant-

retained lower dentures in the first year of func-

tioning after oncology treatment were evaluated in

50 head neck cancer patients by using the stan-

dardized questionnaires and clinical assessment

evaluated in chapter 4. All patients received four

implants during ablative tumor surgery. About

two-thirds of the patients needed radiotherapy

post-surgery (mean cumulative dose at implant

site was 61.1±5.3 Gy). Both in irradiated and non-

irradiated bone two implants were lost resulting in

comparable implant survival rates of 97.4% and

96.9%, respectively. Peri-implant tissues all had a

healthy appearance. No cases of osteoradio-

necrosis occurred. All patients functioned well

with their implant-retained lower dentures and the

quality of life related to oral functioning improved.
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been treated with radiotherapy following cancer

treatment (see chapter 2). The treatment outcome

of the effect of HBO therapy was assessed in a ran-

domized controlled clinical trial in a group of 26

head and neck cancer patients who were subjected

to radiotherapy after tumor surgery. Standardized

questionnaires were completed and clinical and

radiographic assessments were performed. After

randomization, endosseous Brånemark implants

were placed in the anterior part of the mandible

either under antibiotic prophylaxis (13 patients) or

under antibiotic prophylaxis in combination with

pre and post surgery HBO treatment (13 patients).

In the HBO and non-HBO group, respectively, 8

(implant survival 85.2%) and 3 (implant survival

93.9%) implants were lost. Peri-implant tissues

had a healthy appearance in both groups.

Osteoradionecrosis developed in one patient in

the HBO group. All patients functioned well with

their implant-retained mandibular overdentures.

The quality of life related to oral functioning and

denture satisfaction were improved to a compara-

ble extent in the HBO and non-HBO groups. In

agreement with the results described in chapter 5,

this study also showed that implant-retained

mandibular overdentures can improve the quality

of life related to oral functioning and denture satis-

faction in head and neck cancer patients.

Remarkably, adjuvant hyperbaric oxygen therapy

could not be shown to enhance implant survival in

irradiated mandibular jaw bone.

Endosseous implants are not only used in the

oral rehabilitation of patients, but percutaneously

placed endosseous implants have also acquired

an important place in the prosthetic rehabilitation

of patients with craniofacial defects. The aim of

the retrospective study described in Chapter 7 was

to evaluate the clinical outcome of the use of

endosseous implants in the orbital and auricular

region and to assess the satisfaction of patients

with implant retained craniofacial prostheses after

tumor surgery. The clinical outcome and patient

satisfaction of implant-retained craniofacial pros-

theses in the auricular and orbital region were

evaluated in a group of 26 patients with facial

defects after tumor surgery using standardized

questionnaires and clinical assessment. Twelve

patients (N=31 implants) received the implants

during ablative tumor surgery, from which 

7 patients (N=20 implants) were treated with

radiation therapy post-surgery (mean 65 Gy).

Fourteen patients (N=44 implants) received the

implants after the tumor surgery, from which 5

patients (N=21 implants) were irradiated after

ablative surgery (mean 54.4 Gy), but before

implant placement. No implants were lost in non-

irradiated patients (implant survival 100%), while

five implants were lost in the irradiated group

(implant survival 87.8%). The peri-implant tissues

had a healthy appearance and no cases of osteo-

radionecrosis occurred. When compared to

patients treated with conventional adhesive
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Thus, based on the very promising treatment

outcomes of implant-retained prostheses in the

rehabilitation of oral and craniofacial defects, the

use of implants should be considered for all eden-

tulous patients or patients with a deformity of the

craniofacial skeleton. Moreover, such rehabilita-

tion should be considered an integral part of the

care for the head and neck oncology patient. To

achieve the best results, maxillofacial prosthodon-

tists and implant surgeons should be members of

the multidisciplinary head and neck oncology

team, and they should be involved in treatment

planning. Implant insertion has to be considered

already during ablative surgery in order to prevent

additional surgery in irradiated tissue and to

reduce the time required for functional rehabilita-

tion of the head and neck cancer patient. During

ablative surgery insertion of implants can even be

considered in more complex surgical cases as it

was shown that a mandibulotomy was not a con-

tra-indication for insertion of implants during

ablative surgery. From a prosthetic point of view,

the only reason for not inserting implants during

ablative surgery are in the cases where proper

positioning of the implants can not be assured, a

condition that, e.g., can occur in cases in which

the continuity of the mandible is restored with a

bone transplant.

retained craniofacial prostheses, satisfaction was

higher in patients treated with implant-retained

craniofacial prostheses. From this study it was

concluded that implant-retained craniofacial pros-

theses are better tolerated than adhesive retained

prostheses and offer an improvement in the qual-

ity of life. Moreover, radiotherapy was not shown

to be a contraindication for the use of osseointe-

grated implants in the maxillofacial region, but the

loss of implants is higher than in non-irradiated

sites.

In the general discussion (Chapter 8) the

results of the previous chapters are placed in a

broader context. Based on results of the various

studies described in this thesis it was concluded

that the use of implant-retained mandibular over-

dentures and craniofacial prostheses has resulted

in great achievements in the rehabilitation of head

and neck cancer patients. Although the sequelae

resulting from radiotherapy dominated oral func-

tioning and overall quality of life after oncology

treatment, implant-retained mandibular overden-

tures were shown to substantially improve the

quality of life related to oral functioning and den-

ture satisfaction in head and neck cancer patients.

Similar beneficial effects on satisfaction and qual-

ity of life were observed in implant-based rehabili-

tation of craniofacial defects. It was also conclud-

ed that there is still a need for developing more

specific questionnaires that can better refine the

impact of oral rehabilitation on quality of life.
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De chirurgische behandeling van kwaadaardige

tumoren in het hoofd-halsgebied leidt vaak tot

veranderde anatomische verhoudingen. Deze

veranderde verhoudingen kunnen resulteren in

een verstoring van de aesthetiek, het oraal func-

tioneren en de kwaliteit van leven. Defecten die

het gevolg zijn van ablatieve chirurgie leiden vaak

tot een verslechterde spraak- en slikfunctie en een

afgenomen kauwvermogen. De ongunstige func-

tionele orale conditie na ablatieve chirurgie ver-

slechtert vaak verder als het noodzakelijk is om de

patiënt in deze regio te bestralen. Bestraling in het

hoofd-halsgebied heeft immers een aantal ern-

stige bijwerkingen zoals een afgenomen speek-

selsecretie, een toegenomen gevoeligheid voor

infecties van het mondslijmvlies en een

afgenomen belastbaarheid van het mondslijm-

vlies voor het dragen van gebitsprotheses. De

mogelijkheden om hoofd-hals oncologische

patiënten prothetisch adequaat te rehabiliteren

worden hierdoor ernstig bemoeilijkt. 

Tot voor kort konden de problemen, zoals

genoemd in de vorige alinea, in een niet

onaanzienlijk deel van de gevallen, noch met

reconstructieve chirurgie noch met conventionele

prothetische technieken succesvol worden

opgelost. Inmiddels wordt echter algemeen

aangenomen dat primaire reconstructie van bot

en weke delen in combinatie met toepassing van

implantaat gedragen of ondersteunde prothetis-

che oplossingen kan leiden tot verbetering van de

mogelijkheden voor functionele rehabilitatie van

deze patiënten. Gebaseerd op deze veronder-

stelling wordt het gebruik van implantaten ter

ondersteuning van prothetische constructies

meer en meer gepropageerd bij de prothetische

rehabilitatie van  patiënten die zijn behandeld van-

wege een kwaadaardige tumor in het hoofd-hals-

gebied. Er wordt zelfs naar gestreefd om, waar

mogelijk, de implantaten tijdens de ablatieve

chirurgie te plaatsen. Om te beoordelen of dit ook

een goede aanpak van de ‘protheseproblematiek’

van deze patiënten betreft werd dit promotie-

onderzoek verricht. Het doel was om beter inzicht

te krijgen in de effecten van maxillofaciale rehabil-

itatie met implantaat ondersteunde prothetische

constructies bij hoofd-hals oncologische patiën-

ten. Hierbij werd specifiek gekeken naar de behan-

delplanning, de implantaatoverleving, de behan-

delresultaten en de kwaliteit van leven. De uitkom-

sten van dit promotieonderzoek kunnen dienen

als basis voor de optimale behandelkeuze bij

prothetische rehabilitatie van patiënten die een

ingreep hebben ondergaan vanwege een

kwaadaardige tumor in het hoofd-halsgebied.

In Hoofdstuk 2 worden de resultaten van een

literatuuronderzoek naar de behandelresultaten

met het gebruik van implantaten in de edentate

onderkaak voor orale rehabilitatie van hoofd-hals

oncologische patiënten beschreven. Hierbij werd

specifiek gekeken naar de prothetische rehabili-

tatie van patiënten met een kwaadaardige tumor
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zuurstof (preventie van radionecrose, afname van

implantaatverlies). Toekomstige studies zullen

hier een antwoord op moeten geven. Momenteel

bestaat de tendens om implantaten te plaatsen tij-

dens de ablatieve chirurgie om chirurgie in

bestraald weefsel te voorkomen en om de tijd die

verstrijkt totdat de uiteindelijke functionele reha-

bilitatie gereed is te verkorten. Het is echter niet

raadzaam om de implantaten tijdens de ablatieve

chirurgie al te plaatsen als wordt getwijfeld over

een juiste positionering van de implantaten.

Soms is het voor de bereikbaarheid van een

tumor in de mondholte of oropharynx noodzake-

lijk een mediane mandibulotomie uit voeren. Het

doel van de in Hoofdstuk 3 beschreven studie was

om een techniek te ontwikkelen en te evalueren

waarbij het mogelijk is een mediane mandibulo-

tomie uit te voeren en toch tijdens dezelfde

ingreep implantaten te plaatsen in hetzelfde

gebied. Aangezien een succesvolle prothetische

rehabilitatie na chirurgische behandeling wegens

een mondholte- of oropharynxtumor start met het

vroegtijdig maken van een behandelplan in de pre-

operatieve fase, moet vóórafgaand aan de ingreep

al worden nagegaan of implantaten van nut lijken

te zijn bij de prothetische rehabilitatie ná de

ablatieve en/of radiotherapeutische behandeling.

De ontwikkelde techniek bestond uit het voor-

boren van de implantaatschachten voorafgaand

aan het uitvoeren van de mediane mandibulo-

tomie. Na de ablatieve chirurgie, reconstructie en

in het onderste deel van de mondholte. Uit dit lit-

eratuuronderzoek kwam naar voren dat chirurgis-

che interventies na radiotherapie bij voorkeur

moeten worden vermeden vanwege de toe-

genomen kans op een gestoorde genezing

(radionecrose van bot of weke delen, verlies van

implantaten). Indien het toch noodzakelijk is om

na radiotherapie een chirurgische ingreep uit te

voeren, dan worden gewoonlijk preventieve maat-

regelen ingesteld, zoals antibioticaprofylaxe en/of

behandeling met hyperbare zuurstof. Om de kans

op bovengenoemde problemen bij patiënten die

(vermoedelijk) zullen worden bestraald zo klein

mogelijk te maken, kan worden overwogen om de

benodigde implantaten al tijdens de ablatieve

chirurgie te plaatsen. Deze aanpak vergt grondig

pre-operatief onderzoek en multi-disciplinair over-

leg (hoofd-hals oncoloog, tandarts, radiothera-

peut) voor het opstellen van een goed doordacht

behandelplan. Bij het opstellen van dit plan

moeten ook de primair curatieve opzet van de

behandeling en de kansen voor later prothetisch

herstel worden meegenomen. Uit het literatuuron-

derzoek kwam verder naar voren dat er nog teko-

rtkomingen in wetenschappelijk bewijs bestaan

met betrekking tot het meest gunstigste tijdstip

om implantaten te plaatsen in relatie tot de radio-

therapie dat wil zeggen voorafgaand aan óf juist in

een bepaalde periode ná de radiotherapie. Dit

geldt ook voor de mogelijke toegevoegde waarde

van een preventieve behandeling met hyperbare
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herstel van de continuïteit van de mandibula wer-

den de definitieve boringen van de implan-

taatschachten uitgevoerd en werden de implanta-

ten geplaatst. Zes weken na de ablatieve chirurgie

werd met de radiotherapie begonnen. Ongeveer

zes maanden na afloop van de radiotherapie werd

voor alle patiënten een implantaat ondersteunde

overkappingsprothese in de onderkaak en een

conventionele gebitsprothese in de bovenkaak

vervaardigd. De patiënten werden regelmatig

teruggezien voor een gestandaardiseerde klini-

sche en röntgenologische evaluatie. Er werden

geen complicaties gezien in relatie tot de combi-

natie van een mandibulotomie en de plaatsing van

implantaten in hetzelfde gebied. Tijdens de radio-

therapie werden geen ongunstige mucosale reac-

ties gezien en tevens ontstond bij geen van de

patiënten osteoradionecrose. Er gingen geen

implantaten verloren. Klinisch en röntgenologisch

onderzoek toonde gezonde peri-implantaire weef-

sels. Uit deze studie werd geconcludeerd dat,

gebruikmakend van de ontwikkelde techniek, een

mediane mandibulotomie veilig kan worden

gecombineerd met de plaatsing van implantaten

in het ventrale deel van de mandibula.

In Hoofdstuk 4 worden de resultaten

beschreven van een studie naar de kwaliteit van

leven gerelateerd aan het oraal functioneren bij

edentate hoofd-hals oncologische patiënten na

behandeling van een kwaadaardige tumor in het

onderste deel van de mondholte met een combi-

natie van chirurgie en radiotherapie. Om de

effecten van plaatsing van implantaten op de

kwaliteit van leven en het oraal functioneren te

kunnen meten, bestond een sterke behoefte om

meer inzicht te verkrijgen in het functioneren van

patiënten die niet werden behandeld met een

implantaat ondersteunde overkappingsprothese

in de onderkaak. De studie werd tevens uitgevoerd

om inzicht te verkrijgen in de waarde van de

meetinstrumenten beschikbaar voor het meten

van de kwaliteit van leven en effecten van orale

rehabilitatie bij hoofd-hals oncologische patiënten.

Alle patiënten behandeld tussen 1990 en 2000

met een combinatie van chirurgie en radiotherapie

wegens een plaveiselcelcarcinoom in het onderste

deel van de de mondholte, die edentaat waren in

de onderkaak en voor wie een conventionele niet

implantaat ondersteunde gebitsprothese was ver-

vaardigd, werden uitgenodigd voor dit onderzoek

(klinische beoordeling en vragenlijsten betreffende

oraal functioneren en kwaliteit van leven). In totaal

waren 67 van de 84 patiënten, die voldeden aan de

inclusiecriteria, bereid mee te werken aan dit

onderzoek. De gemiddelde bestralingsdosis, die

deze patiënten in het orale gebied hadden ontvan-

gen, bedroeg 61.8±5.4 Gy. De resultaten toonden

aan dat veel patiënten niet erg tevreden waren met

hun gebitsprotheses. De helft van de patiënten

(N=33) droeg de gebitsprothese in de onderkaak

niet of hoogstens enkele uren per dag. Aan de

hand van de klinische beoordeling werd gecon-

143



sultaten zoals de conditie van de peri-implantaire

weefsels, implantaatoverleving, oraal functioneren

en de impact op de kwaliteit van leven te eva-

lueren van de prothetische rehabilitatie met een

implantaat ondersteunde overkappingsprothese

in de onderkaak bij hoofd-hals oncologische

patiënten. Omdat de plaatsing van implantaten in

bestraald weefsel leidt tot een verhoogd risico op

het ontstaan van radionecrose van bot en weke

delen, en op verlies van implantaten, werd

besloten, in dit deel van het onderzoek, de implan-

taten tegelijk met de ablatieve chirurgie, dus vóór

de bestraling, te plaatsen. De behandelresultaten

van de prothetische rehabilitatie met een implan-

taat ondersteunde overkappingsprothese in de

onderkaak werden vergeleken met de behandelre-

sultaten van de prothetische rehabilitatie met con-

ventionele gebitsprotheses zoals beschreven in

hoofdstuk 4. Er werden 50 hoofd-hals oncologi-

sche patiënten geïncludeerd en er werd gebruik

gemaakt van dezelfde gestandaardiseerde vragen-

lijsten en klinische beoordeling zoals toegepast in

hoofdstuk 4. Bij alle patiënten werden tijdens de

ablatieve chirurgie vier implantaten geplaatst.

Ongeveer tweederde van de patiënten werd post-

operatief bestraald waarbij de gemiddelde cumu-

latieve dosis, die het kaakbot ter plaatse van de

implantaten had ontvangen, 61.1±5.3 Gy bedroeg.

Zowel in bestraald als in niet-bestraald bot gingen

twee implantaten verloren resulterend in een

vergelijkbare implantaatoverleving van respec-

cludeerd dat tweederde van de patiënten (N=44)

baat zou kunnen hebben bij vervaardiging van een

implantaat ondersteunde overkappingsprothese

in de onderkaak. Analyse van de ingevulde vragen-

lijsten toonde geen significant verband tussen

oraal functioneren, kwaliteit van leven en parame-

ters zoals omvang van de primaire tumor, locatie

van de primaire tumor en de verschillende behan-

delmodaliteiten. Ondanks de behandeling wegens

een kwaadaardig gezwel rapporteerden de patiën-

ten een relatief opvallend hoge algemene kwaliteit

van leven. Ook bleken de klachten die de patiënten

rapporteerden meer gerelateerd te zijn aan de

neveneffecten van de bestraling dan aan de con-

ventionele gebitsprotheses; met andere woorden

de neveneffecten van radiotherapie domineren

waarschijnlijk het orale functioneren en de

kwaliteit van leven na een oncologische behande-

ling. Omdat bij tweederde van de patiënten werd

ingeschat dat vervaardiging van een implantaat

ondersteunde overkappingsprothese zou leiden

tot een verbetering in oraal functioneren en

daaraan gerelateerde kwaliteit van leven, werd

besloten een prospectief klinisch onderzoek uit te

voeren naar de effecten van de vervaardiging van

een implantaat ondersteunde overkappings-

prothese in de onderkaak op oraal functioneren en

kwaliteit van leven in deze patiëntencategorie

(hoofdstuk 5).

Het doel van de studie beschreven in

Hoofdstuk 5 was om prospectief de behandelre-
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tievelijk 97.4% en 96.9%. Klinisch en röntgenolo-

gisch onderzoek toonde gezonde peri-implantaire

weefsels en er trad geen osteoradionecrose op.

Voor alle patiënten werd een implantaat onderste-

unde overkappingsprothese in de onderkaak en

een conventionele gebitsprothese in de bovenkaak

vervaardigd. De resultaten toonden aan dat de

aspecten van kwaliteit van leven die gerelateerd

zijn aan oraal functioneren verbeterden. Bij niet-

bestraalde patiënten werd een sterkere verbeter-

ing gezien in oraal functioneren dan bij bestraalde

patiënten (vooral de aspecten van het oraal func-

tioneren die niet gerelateerd zijn aan de nevenef-

fecten van de bestraling toonden bij deze patiën-

ten verbetering). Ook de tevredenheid met de

gebitsprothese nam toe en was hoger bij niet-

bestraalde dan bij bestraalde patiënten. Uit deze

studie werd geconcludeerd dat vervaardiging van

een implantaat ondersteunde overkappings-

prothese in de onderkaak leidt tot verbetering van

de aspecten van kwaliteit van leven die gerelateerd

zijn aan oraal functioneren en tevredenheid over

de gebitsprothese bij hoofd-hals oncologische

patiënten. Deze verbeteringen zijn meer uitge-

sproken bij niet-bestraalde dan bij bestraalde

patiënten.

In Hoofdstuk 6 worden de resultaten

beschreven van een prospectieve studie naar de

effecten van hyperbare zuurstoftherapie op de

behandeluitkomsten (conditie peri-implantaire

weefsels, implantaatoverleving, oraal functioneren

en kwaliteit van leven) van de prothetische reha-

bilitatie met een implantaat ondersteunde

overkappingsprothese in de onderkaak bij

bestraalde hoofd-hals oncologische patiënten.

Deze studie werd uitgevoerd omdat er geen con-

sensus of eensluidend wetenschappelijk bewijs

bekend was over de waarde van preventieve hyper-

bare zuurstoftherapie ten aanzien van de verbeter-

ing van osseointegratie, afname van implan-

taatverlies en reductie van het risico op ontstaan

van osteoradionecrose bij patiënten die waren

bestraald in het kader van hun oncologische

behandeling (zie hoofdstuk 2). De effecten van

hyperbare zuurstoftherapie op de behandel-

uitkomsten werden geëvalueerd in een geran-

domiseerde gecontroleerde klinische studie bij 26

hoofd-hals oncologische patiënten die waren

bestraald in het hoofd-hals gebied in het kader van

hun oncologische behandeling. Er werd hierbij

gebruik gemaakt van gestandaardiseerde vragenli-

jsten, klinisch en röntgenologisch onderzoek. Na

randomisatie werden de implantaten geplaatst in

het ventrale deel van de mandibula onder anti-

bioticaprofylaxe (13 patiënten) of onder antibioti-

caprofylaxe in combinatie met pre- en postoper-

atieve hyperbare zuurstoftherapie (13 patiënten).

De gemiddelde cumulatieve bestralingsdosis, die

deze patiënten in het ventrale deel van de

mandibula hadden ontvangen, bedroeg 61.4±12.9

Gy. Met of zonder hyperbare zuurstoftherapie gin-

gen respectievelijk 8 (implantaatoverleving 85.2%)
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hand van gestandaardiseerde vragenlijsten en een

klinische beoordeling. Bij twaalf patiënten (N=31

implantaten) werden de implantaten geplaatst tij-

dens de ablatieve chirurgie, van wie er zeven

(N=20 implantaten) post-operatief werden

bestraald (gemiddeld 65±4.7 Gy). Bij de overige

veertien patiënten (N=44 implantaten) werden de

implantaten geplaatst na ablatieve chirurgie, van

wie er vijf (N=21 implantaten) post-operatief

waren bestraald (gemiddeld 54.4±15.1 Gy), maar

voor plaatsing van de implantaten. Er gingen geen

implantaten verloren bij de niet bestraalde patiën-

ten (implantaatoverleving 100%), terwijl in de

bestraalde groep vijf implantaten verloren gingen

(implantaatoverleving 87.8%). De peri-implantaire

weefsels vertoonden een gezond aspect.

Osteoradionecrose werd niet gezien tijdens de

onderzoeksperiode. De tevredenheid over de

implantaat ondersteunde gelaatsprotheses was

hoger in vergelijking tot patiënten met een con-

ventionele adhesief bevestigde gelaatsprothese.

Uit deze studie kon worden geconcludeerd dat

een implantaat ondersteunde gelaatsprothese

beter wordt gewaardeerd dan een adhesieve

gelaatsprothese en leidt tot een verbetering van de

kwaliteit van leven. Bovendien kon worden gecon-

cludeerd dat eerdere radiotherapie geen contra-

indicatie vormt voor de toepassing van implantat-

en in de maxillofaciale regio, maar dat wel reke-

ning moet worden gehouden met een hoger

implantaatverlies.

en 3 (implantaatoverleving 93.9%) implantaten

verloren. In beide groepen vertoonden de peri-

implantaire weefsels een gezond aspect.

Osteoradionecrose ontstond bij één patiënt in de

groep die was behandeld met hyperbare

zuurstoftherapie. De aspecten van de kwaliteit van

leven gerelateerd aan oraal functioneren en de

prothesetevredenheid verbeterden in beide

groepen in vergelijkbare mate. Er werd gecon-

cludeerd dat, in overeenstemming met de resul-

taten beschreven in hoofdstuk 5, een implantaat

ondersteunde overkappingsprothese in de

onderkaak bij hoofd-hals oncologische patiënten

kan bijdragen aan een toename van de kwaliteit

van leven gerelateerd aan oraal functioneren en de

prothesetevredenheid. Er kon geen toegevoegde

waarde worden aangetoond van preventieve

behandeling met hyperbare zuurstoftherapie.

Endossale implantaten worden niet alleen

toegepast bij de orale rehabilitatie van patiënten,

maar percutaan geplaatste endossale implantaten

hebben ook een belangrijke rol bij de prothetische

rehabilitatie van patiënten met craniofaciale

defecten. Het doel van de studie beschreven in

Hoofdstuk 7 was om retrospectief de behan-

deluitkomsten en patiënttevredenheid van een

implantaat ondersteunde gelaatsprothese in de

orbitale en auriculaire regio te evalueren. Dit

onderzoek werd uitgevoerd in een groep van 26

hoofd-hals oncologische patiënten met een

craniofaciaal defect na ablatieve chirurgie aan de
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In de overkoepelende discussie (Hoofdstuk 8)

worden de resultaten van de vorige hoofdstukken

in een bredere context geplaatst. Gebaseerd op de

resultaten van de verschillende studies, zoals

beschreven in dit proefschrift,  kan worden gecon-

cludeerd dat de toepassing van implantaat onder-

steunde protheses heeft geleid tot grote verbe-

teringen in de mogelijkheden voor rehabilitatie

van hoofd-hals oncologische patiënten. Alhoewel

de neveneffecten van bestraling in het hoofd-hals

gebied waarschijnlijk voor een belangrijk deel het

orale functioneren en de kwaliteit van leven na

oncologische behandeling bepalen, werd aange-

toond dat een implantaat ondersteunde overkap-

pingsprothese in de onderkaak leidt tot een sub-

stantiële verbetering  van de kwaliteit van leven

gerelateerd aan oraal functioneren en een toe-

name van de prothesetevredenheid. Een vergelijk-

bare toename van tevredenheid en kwaliteit van

leven werd gezien bij patiënten met een implan-

taat ondersteunde gelaatsprothese. Ook werd

geconcludeerd dat er nog behoefte bestaat aan

verbeterde vragenlijsten om de effecten van

dergelijke rehabilitaties op de kwaliteit van leven

aan te kunnen tonen. 

Concluderend kan worden gesteld dat,

gebaseerd op de veelbelovende resultaten van

implantaat ondersteunde prothetische construc-

ties, het gebruik van implantaten voor rehabilitatie

dient te worden overwogen bij iedere edentate

patiënt met een kwaadaardige tumor in de mond-

holte of patiënt met een craniofaciaal defect. Een

dergelijke rehabilitatie behoort te worden gezien

als een regulier onderdeel van de integrale zorg

voor de hoofd-hals oncologische patiënt. Om dit

mogelijk te maken dienen de maxillofaciaal

prothetist en de implantoloog deel uit te maken

van het multi-disciplinaire hoofd-hals oncologie

team en betrokken te zijn bij de behandelplan-

ning. Plaatsing van implantaten tijdens ablatieve

chirurgie dient te worden overwogen om latere

chirurgische interventies in bestraald weefsel te

voorkomen en om de tijd, benodigd voor func-

tionele prothetische rehabilitatie, te bekorten. De

plaatsing van implantaten tijdens ablatieve

chirurgie kan eveneens worden overwogen bij

meer complexe chirurgische ingrepen, aangezien

is aangetoond dat een mediane mandibulotomie

geen contra-indicatie vormt voor de gelijktijdige

plaatsing van implantaten. Twijfels over een juiste

positionering van de implantaten vormt, vanuit

een prothetisch standpunt bezien, de enige reden

om af te zien van plaatsing van implantaten tij-

dens de ablatieve chirurgie. Dit kan bijvoorbeeld

voorkomen in situaties waarbij de continuïteit van

de mandibula wordt hersteld met een bottrans-

plantaat. 
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Het uitvoeren van een klinisch prospectief onder-

zoek is vergelijkbaar met het lopen van een

marathon. Je hebt veel uithoudingsvermogen

nodig, als je denkt dat je er bijna bent moet je nog

een stukje en de laatste loodjes wegen het zwaarst.  

Vanzelfsprekend ben ik iedereen die de

afgelopen jaren heeft geholpen bij de totstand-

koming van dit proefschrift veel dank ver-

schuldigd. Een aantal mensen wil ik in het bijzon-

der noemen.

Grote dank ben ik verschuldigd aan de patiën-

ten die hebben meegewerkt aan het onderzoek.

Zonder hun bereidwilligheid om vragenlijsten in te

vullen, soms op voor hen zeer moeilijke mo-

menten, en zich te onderwerpen aan de vele klini-

sche inspecties en metingen was dit proefschrift

nooit geschreven.

Prof. Dr. G.M. Raghoebar; hooggeleerde pro-

motor, beste Gerry. Jij was de grote initiator en

stimulator van dit onderzoek. Zonder jouw grote

innemendheid, uitmuntende collegialiteit, hoge

intelligentie, vertrouwen en grote operatieve

vaardigheden was dit onderzoek niet mogelijk

geweest. Ook heb je een scherp oog om te voor-

spellen hoe zaken zich zullen ontwikkelen. Tot slot

vind ik het een grote eer om jouw eerste pro-

movendus te mogen zijn. Veel dank voor je

begeleiding van het onderzoek.

Prof. Dr. J.L.N.Roodenburg; hooggeleerde co-

promotor, beste Jan. Ook jij was vanaf het begin

zeer betrokken bij dit onderzoek, het betrof

immers “jouw” patiënten. Wat ik bijzonder heb

gewaardeerd gedurende de afgelopen jaren waren

onze altijd zeer openhartig gevoerde persoonlijke

gesprekken over het onderzoek maar ook tal van

andere onderwerpen. Veel dank daarvoor en voor

jouw inbreng in de onderzoeksbegeleiding. 

Prof. Dr. A. Vissink; hooggeleerde co-promotor,

beste Arjan. Jouw capaciteiten zijn al vaak

geroemd en wat mij betreft geheel terecht. Nadat

wij samen de co-schappen geneeskunde als duo

hadden doorlopen brak een nieuwe fase aan. Ik als

onderzoeker en jij als begeleider, bovendien een

kamer naast elkaar. Jouw snelheid van corrigeren

is werkelijk ongekend. Als je net blij bent iets af te

hebben, zit het gecorrigeerd en met tal van sug-

gesties al weer in je mail-box. Zeer bedankt voor al

je inspanningen bij het gehele onderzoek.     

Dr. H. Reintsema; zeergeleerde referent, beste

Harry. Met veel genoegen kijk ik terug op onze

samenwerking in de afgelopen jaren waarbij we

alle patiënten uit dit onderzoek hebben onder-

zocht en “gescoord”. Ik heb bewondering voor je

grote geduld en heb veel van je geleerd over

prothetiek op implantaten in bijzondere gevallen.

Veel dank voor al je hulp.   
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Prof. Dr. G. Boering; hooggeleerde professor. U

wil ik graag bedanken voor de wijze waarop u er

voor heeft gezorgd dat ik, na mijn doctoraalexam-

en geneeskunde, kon beginnen met de opleiding

tot kaakchirurg. De dag dat u mij vertelde dat ik

kon beginnen met de opleiding staat in mijn

geheugen gegrift.

Prof. Dr. W. Sterk; hooggeleerde professor.

Graag wil ik u bedanken voor uw bereidwilligheid

om met uw instituut te participeren in het deel van

het onderzoek over de toepassing van preventieve

hyperbare zuurstoftherapie zonder dat daar aan-

vankelijk financiering voor was.

Dr. R.P. van Oort; beste Rob. Ik wil je graag

bedanken voor je bijdrage aan dit onderzoek. Ook

denk ik met veel genoegen terug aan onze geza-

menlijke inspanningen ten behoeve van het

kwaliteitsproject implantologie.

Dr. F.R. Burlage; beste Fred. Veel dank voor al je

hulp, ondanks je eigen onderzoeksinspanningen

en overige drukte, bij de talloze dosimetrie

berekeningen.

Dr. B.F.A.M. van der Laan; beste Bernard.

Hartelijk dank voor de plezierige samenwerking

bij het schrijven van het artikel over de toepassing

van craniofaciale implantaten.

Dr. J. Bouma; zeergeleerde referent, beste Jelte.

Jij hebt me geïntroduceerd in de wereld van de vra-

genlijsten. Zeer veel dank voor al je hulp bij het

verwerken, vaak met spoed, van de grote hoeveel-

heid data. Nooit was weer een verzoek je te veel. 

Prof. Dr. H.J.A. Meijer; beste Henny.  Ik wil je

graag bedanken voor je bereidheid om zitting te

willen nemen in de beoordelingscommissie en de

vlotte en accurate wijze waarop je het manuscript

hebt beoordeeld.

Prof. Dr. J.P.R. van Merkesteijn; beste Richard.

Graag wil ik je bedanken voor de snelle en voort-

varende beoordeling van mijn manuscript. 

Prof. Dr. Dr. H. Schliephake. I would like to

thank you for willingness to participate in the

Ph.D. committee and the accurate way you judged

this thesis. 

Prof. Dr. L.G.M. de Bont; hooggeleerde profes-

sor, beste Lambert. Jij bent begiftigd met een

vooruitziende blik op zaken die ertoe doen. Ik heb

grote bewondering voor de manier waarop jij als

hoofd van de afdeling niet alleen dagelijks leiding

geeft en verantwoordelijk bent voor de opleiding

tot kaakchirurg maar ook mensen daadwerkelijk

de ruimte geeft om zich in alle opzichten te

ontwikkelen. 
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Dr. J.G.A.M de Visscher; beste Jan. Ik wil je

graag bedanken voor je bereidheid om samen te

werken bij de zoektocht naar geschikte patiënten

voor een deel van dit onderzoek.

Dr. R.H.K. Batenburg; beste Baat, vriend en

maat. Wij maken al sinds onze opleidingstijd

samen toekomstplannen die tot nu toe allemaal

zijn gerealiseerd. Ik hoop dat er nog vele mogen

volgen. Een maatschap wordt soms vergeleken

met een huwelijk, dank dat je ook deze dag aan

mijn zijde wilt staan.   

Dr. J. Jansma; beste Johan. Jou wil ik graag

bedanken voor onze onvoorwaardelijke vriend-

schap gedurende vele jaren. Op voorhand wil ik je

ook bedanken voor de steun rond mijn promotie. 

Mw. B. Brongers; beste Bertina. Jij was mijn

grote steun en toeverlaat bij de logistiek rond dit

onderzoek. Ik ben je grote dank verschuldigd voor

het steeds weer tijdig oproepen van alle patiënten,

de empathische begeleiding van de patiënten en

de nauwgezette invoer van de onderzoeks-

gegevens in de computer. Nooit was jou iets

teveel, reuze bedankt. 

Mw. B. Brongers, Mw. K.E. Kreeft-Polman, Mw.

H.H. Kooistra-Veenkamp, Mw. I.J. Valkema; beste

Karien, Ria en Ingrid, dames van de ‘PPC’. Heel

veel dank voor al jullie werk bij het beheren van de

diverse implantaatsystemen, en voor de assisten-

tie bij de spreekuren en op de OK’s.   

Mw. H. Huigen, Mw. E.J.G. van Luijk-Voshaar,

Mw. A. van Oploo-Gyorgyovich, Mw. A. van Oploo-

Talens, Mw. A.K. Prins-Schutter, Mw. Y. Sanders-

Niessen; beste Han, Emmy, Niki, Tiny, Anja en

Yvonne. Bedankt voor de vervaardiging van al die

gestandaardiseerde schuin-laterale opnames. Het

kostte jullie veel tijd en moeite maar de resultaten

waren er naar en ik heb nooit een wanklank ge-

hoord. 

Mw. I. De Jong-Orosz, Mw. H. van der Lei-

Groenewegen, Dr. M.A. Stokman; beste Irènke,

Hester en Monique. Jullie wil ik graag bedanken

voor het bewaken van de peri-implantaire gezond-

heid en het begeleiden van de patiënten tijdens de

radiotherapie. Beide aspecten werden door mij en

de patiënten enorm gewaardeerd.

Dhr. A.K. Wietsma; beste Anne. Ik wil je graag

bedanken voor onze plezierige samenwerking

gedurende vele jaren, ook denk ik met veel genoe-

gen terug aan de talloze cursussen die we hebben

georganiseerd. 

Dhr. G. van Dijk; beste Gerrit. Graag wil ik jou

en je medewerkers bedanken voor de vervaardi-

ging van de suprastructuren en overkapping-

sprotheses voor alle patiënten uit dit onderzoek. 
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Dhr. J. van Stralen; beste Jan. Na ons intensieve

contact van de afgelopen maanden ligt er nu dit

fraai vormgegeven proefschrift. Veel dank voor de

prettige samenwerking. 

Jaap en Gé; lieve ouders. Jullie hebben mij de

gelegenheid geboden mijzelf te ontwikkelen in de

richting die ik zelf koos. Dat deze richting jullie

niet geheel vreemd is zal geen toeval zijn. Naast

deze gezamenlijke interesse zijn er gelukkig nog

veel andere onderwerpen om over te filosoferen.

Bedankt voor jullie grote interesse in alles wat ons

als gezin bezig houdt.  

Annelieke, Laurien en Carlijn; lieve meiden. Wat

een rijkdom om elke dag drie van zulke gezonde

dametjes te zien opgroeien. Papa’s boek is nu

gelukkig klaar.

Gertrud; mijn lieve alles. Zonder jouw onvoor-

waardelijke liefde en steun was de voltooiing van

dit proefschrift niet mogelijk geweest. Heel veel

dank voor alles. Ik hou van je.

Dhr. E.G.C. van Ommen; beste Erik. Veel dank

voor je vaardige hand bij het maken van de diverse

illustraties in dit proefschrift.  

Mw. N.E. Jaeger, Dhr. H.B. de Jonge, Mw. L.

Kempers, Mw. K. Wolthuis; beste Nienke, Lisa,

Harrie en Karin. Jullie wil ik graag bedanken voor

de gezellige secretariële, administratieve en digi-

tale ondersteuning.   

Alle medewerkers van de afdeling Mond-
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jullie dan ook van harte danken voor de prettige
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Dr. J. van der Zwan, Dr. R.H.K. Batenburg; beste

Job en Rutger. Als maten in het Zeeuwse kan ik me

geen betere wensen. Jullie hebben als ervarings-

deskundigen mij alle ruimte geboden dit proef-

schrift te voltooien. Veel dank daarvoor en dat

onze samenwerking en vriendschap nog lang

mogen voortduren.

Medewerkers Kaakchirurgie Zeeland. Jullie wil

ik graag bedanken voor jullie oprechte interesse in

de voortgang van mijn onderzoek de afgelopen

jaren.   
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