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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
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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

112



8

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.

113



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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