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CHAPTER 8

SUMMARY
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Introduction

For the mandibular shortened dental arch several treatment options are available as 
described in Chapter 1. When there is a need for improving oral function, it is assumed 
that one of the options is an Implant-supported Removable Partial Denture (ISRPD). 
There is only scarce evidence in the literature for this treatment to be successful and 
a uniform treatment concept is lacking. There is no consensus on where to place the 
implants in case of a Kennedy class I situation. The general aim of this study was to 
assess the treatment outcome of ISRPD’s in the mandible with regard to patient based 
outcome assessment, chewing ability and clinical and radiographical performance in 
relation to implant position: the premolar (PM) or molar (M) region.

When competing treatment options are available, their documented or presumed 
effectiveness and their (additional) costs should be considered and critically assessed 
in order to make a valuable decision possible for patients, clinicians and insurance 
companies. Therefore we aimed to conduct a cost-effectiveness analysis comparing 
conventional removable partial denture and implant-supported removable partial 
denture treatment in the mandible.

The diagnostic procedure before placing dental implants contains a radiographic 
investigation among other things. For this purpose the most commonly used methods 
are the use of a panoramic radiograph and the cone beam computed tomography 
(CBCT). The latter implicates a higher dose of radiation to the patient. The ALARA 
principle raises the question under which conditions the additional information gained 
from CBCT outweighs the extra biological risks and costs when evaluating implant 
sites pre-operatively. A clear guideline is lacking. In this thesis two imaging modalities 
(panoramic radiograph and CBCT) are compared in pre-operative implant planning in 
the severely resorbed mandible and the influence on the observers assessments to make 
valuable recommendations for the use of a CBCT in these specific cases.

Studies in this thesis
In the first part of this thesis, a retrospective study is described in which we assessed 
performance, together with biological and technical complications, of implant-
supported removable partial dentures (ISRPD) in mandibular Kennedy class I situations 
(Chapter 2).
We were able to include 23 subjects who were treated with two endosseous implants 
to support a bilateral-free-ending mandibular removable denture in the past. Eight 
subjects had implants placed in the premolar region and 15 subjects in the molar region. 
Biological and technical complications were recorded from the patients’ medical record. 
Patients filled out a validated questionnaire regarding their appreciation of oral health 
related quality of life (OHIP-NL49) and a VAS score on overall satisfaction.
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Over a mean follow-up period of 8 years (median 8 years, range 3-16 years) the 
cumulative implant survival rate was 91.7 % (SE 0.05). Mean peri-implant bone loss 
was 0.9 mm (SD 1.0 mm). Scores for bleeding on probing, plaque and mucosal health 
were generally low, but significantly worse for posteriorly placed implants. Significantly 
more biological complications occurred in the posterior group (X2(1)=3.9; p=0.048). In 
65 % of the cases no technical complications were registered. Mean overall OHIP score 
was 16.1 (SD 18.4) and patients were highly satisfied (VAS: 8.4; SD 2.1). We concluded 
that, within the limitations of this retrospective study, in case of a Kennedy class I 
situation in the mandible, an ISRPD is a viable treatment option with a high implant 
survival rate and satisfied patients after a maximum of 16 years, although technical 
and biological complications should be anticipated.  More anteriorly placed implants 
performed slightly better. 

In the second part of this thesis the outcomes of a within subject randomized clinical 
trial are described. These data form the backbone of this PhD study. Firstly, the patient 
based outcome of implant support to Removable Partial Dentures (RPD) in case of 
a bilateral free-ending situation in the mandible was assessed. The most favourable 
implant position was assessed: the premolar (PM) or molar (M) region (Chapter 3). 
Secondly, the focus shifted to the masticatory benefits of an ISRPD, as well as the 
clinical and radiographical performance of the supporting implants. Again, the most 
favourable implant position with respect to these aspects was determined: the PM or 
M region (Chapter 4).

Thirty subjects received 2 PM and 2 M Implants. A new RPD was made and patients 
wore these conventional (unsupported) RPD for three months. By then, implant support 
was provided: 2 PM or 2 M implants supported the RPD. After 3 months the 2 other 
implants were used (respectively the M or PM implants). Outcome measures included 
oral health related quality of life (OHIP-NL49), general health status (SF-36), the number 
of hours that the RPD was worn, contentment assessed on a Visual Analogue Scale 
(VAS), Mixing Ability Index (MAI) and clinical and radiographic parameters regarding 
implants and abutment teeth. All data were collected prior to treatment, 3 months 
after functioning with a new RPD and after 3 and 6 months with implant support, be it 
in the PM or M region. At the end, patients expressed their preferred implant position. 

OHIP-NL49 values and mean wearing-time were statistical significantly more 
favourable for ISRPD’s regardless of the implant position. The general health status 
(SF-36) was not influenced. The ISRPD’s were worn 2-3 hours more per day than the 
unsupported new RPD. Patients’ expectations were met as the VAS-scores of anticipated 
and realized contentment did not differ (p > 0.05). VAS scores for ISRPD’s with M 
implant support were higher than for PM implant support (Chapter 3). 

Masticatory performance differed significantly between the stages of treatment 
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(p<0.001). MAI-scores did not change significantly after a new RPD was provided, but 
improved with implant support (p<0.05). The implant position had no significant effect 
on MAI when functioning with an ISRPD (Chapter 4). 

No implants were lost, mechanical complications to the implants or RPD were 
not observed during the 1-year observation period and clinical and radiographical 
parameters for both implants and teeth during this relatively short observation period 
were favourable. Higher scores for bleeding on probing were seen for molar implants. 
Finally, 56.7 % preferred the M implant support (13.3 % no preference, 30 % PM 
implant support), probably due to minor reduction in stress or discomfort compared to 
the PM implant position (Chapter 3 and Chapter 4).

All subjects involved in the clinical trial had a Kennedy class I situation in the 
mandible and a complete maxillary denture. They were dissatisfied with their conventional 
RPD, yet did not want to go without one and function with a shortened dental arch. 
All in all, the data support the conclusion that for patients with such a profile, implant 
support to an RPD has a favourable outcome on various aspects. It positively influences 
oral health related patient-based outcome measures and significantly improves 
masticatory function, with rare short-term biological or technical complication. Patients’ 
expectations are met, which results in satisfied patients.

No marked difference is seen between molar and premolar implant support 
except for the VAS scores on general satisfaction: the scores were significantly higher 
when the ISRPD was supported by implants in de molar region. No major problems in 
relation to the clinical function of the implants, the abutment teeth and the RPD itself 
were observed. The majority of patients prefer the implant support to be in the molar 
region.

In Chapter 5 a cost-effectiveness analysis is reported comparing a conventional 
Removable Partial Denture (RPD) and Implant-supported RPD (ISRPD) treatment in the 
same group of patients described above. For all patients, treatment costs (opportunity 
costs and costs based on tariffs) were calculated for a new RPD and an ISRPD. Treatment 
effect was expressed by means of the Dutch Oral Health Impact Profile questionnaire 
(OHIP-NL49), a chewing ability test (Mixing Ability Index, MAI) and Quality-Adjusted-
Life-Years (QALYs). 

The mean total opportunity costs were €980 (95 % CI 969 to 1000) for the RPD 
treatment and €2.470 (95 % CI 2.439 to 2.501) for the ISRPD treatment. The total costs 
derived from the national tariff structure were €850 for the RPD treatment and €2.610 
for the ISRPD treatment. The ICER for OHIP-NL49 and MAI using the opportunity costs 
was €79 and €779 respectively. When using the tariff structure, corresponding ICERs 
were €94 and €921. The effect of supporting an RPD with implants when expressed in 
QALYs was negligible, hence an ICER was not determined.
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It is concluded that, depending on the choice of outcome measure and monetary 
threshold, supporting an RPD with implants is cost-effective when payers are willing to 
pay more than €79 per OHIP point gained. Per MAI point gained an additional €779 
has to be invested.

Finally a study is presented in which two diagnostic regimes were compared for pre-
operative implant planning in cases with severe posterior mandibular atrophy: a (2D) 
panoramic radiograph or a (3D) CBCT and implant planning software (Chapter 6). 
Thirty-four patients with bilateral edentulous regions were included. The feasibility 
of implant placement in both the PM and the M region at both sides was judged 
by 3 observers on the basis of the clinical situation with a panoramic radiograph or 
with a CBCT. The observation on the CBCT was accepted as the true representation of 
bone volume. Cohen’s kappa, sensitivity and specificity rates, odds of agreement and 
disagreement as well as the Odds Ratio’s (OR) were calculated.

Overall outcome for the PM position revealed true-positive and true-false rates 
of 90 % and 0 % respectively, hence 10 % of cases were misclassified. There were 
considerable interobserver differences concerning sensitivity and specificity and Cohens’ 
X values were low. The Odds Ratio’s (OR) for the three observers varied between 2.6 
and 158.8, with an overall OR = 76.

For the M position overall true-positive and true-negative values were 65 % and 
22 % respectively, with Cohens’ X = 0.69. Thirteen percent of cases were misclassified. 
Sensitivity and specificity as well as the OR’s for individual observers were fairly consistent, 
with an overall OR = 43. 

It is concluded that implant placement in the resorbed posterior mandible 
can be well assessed on a panoramic radiograph in the vast majority of cases. The 
amount of consistency between the two diagnostic regimes, panoramic radiograph and 
CBCT is observer dependent and better for the posterior than for the anterior region. 
Justification of ordering a CBCT for implant planning for the support of mandibular 
free-ending removable partial dentures will depend on the willingness of both patient 
and clinician to accept the misclassifications, which amount to approximately 10-13 % 
of the observations, dependent on the area.

Clinical considerations

Combining all observations, the following considerations should play a role in the 
decision making for an implant-supported removable partial denture in a Kennedy class 
I situation in the mandible and based on the situation of sufficient bone: from the 
patient’s point of view, the ISRPD is best supported by implants placed in the molar 
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region. However, healthier peri-implant conditions can be expected around implants 
placed in the PM region compared to implants placed in the M region. This, together 
with the fact that, in case of further tooth loss, an implant-supported denture is 
better served with implants in the position of the premolars, the PM position may be 
preferred from a clinical perspective. In addition, it is well advised to plan the position 
of the implants in such a way that a fixed partial denture, be it a single or multiple unit 
restoration, would still be possible if the patient desires to convert from a removable to 
a fixed restorative solution or a full arch denture.
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