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A randomized prospective
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effectiveness of three treatment
modalities for patients with
lower denture problems
A 10 year follow-up study on patient satisfaction
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Abstract. Treatment of lower denture complaints of patients with an edentulous
mandible with a height of at least 15 mm can consist of meticulous construction of
a new set of dentures (CD), construction of a new set of dentures following
preprosthetic surgery to enlarge the denture-bearing area (PPS), or construction of
an implant-retained mandibular overdenture (IRO). The aim of this prospective
randomized controlled clinical trial was to evaluate the satisfaction of the above
mentioned treatment modalities in resolving lower denture related complaints.
Ninety edentulous patients (Cawood class IV and V, mean mandibular height
20.7�2.7 mm) were randomly assigned to one of these treatment modalities. The
main outcome parameters were denture satisfaction and chewing ability, which
were assessed using validated self-administered questionnaires focusing on
denture-related complaints and problems with chewing different types of food.
These parameters were measured before treatment, and 1, 5 and 10 years after
treatment. Differences among the three groups were tested by applying a one way
analysis of variance and a Tukey’s test for multiple comparison. At the 1 year
evaluation, significantly better scores were observed in the two surgical groups
(IRO, PPS) than in the CD group (P<0.05). At 5 year evaluation the ‘complaints
of the lower denture’ showed a significantly better score in the IRO group when
compared to the PPS and CD groups (P<0.05). No significant differences were
observed between the PPS and CD group. At 10 year evaluation, the intention to
treat analysis revealed no significant differences between the three groups, while a
per protocol analysis showed that the IRO group was the most satisfied. From this
study it is concluded that both on the short and long term denture satisfaction
appears most favourable in the IRO group when compared to the PPS and CD
groups. Implant-retained overdentures are, therefore, a favourable treatment
modality for edentulous patients with lower denture problems.

G. M. Raghoebar1, H. J. A. Meijer1,2,
M. van ‘t Hof3, B. Stegenga1,
A. Vissink1

1Department of Oral and Maxillofacial Surgery
and Maxillofacial Prosthetics, University
Hospital Groningen, the Netherlands;
2Department of Oral Function and Prosthetic
Dentistry, Dental School, Faculty of Medical
Sciences, University of Groningen, the
Netherlands; 3Preventive and Restorative
Dentistry, University Medical Centre,
Nijmegen, the Netherlands

Key words: reconstructive preprosthetic
surgery; vestibuloplasty; dental implant;
conventional denture; patient satisfaction.

Accepted for publication 16 April 2003
0901-5027/03/000498+06 $30.00/0 � 2003 International Association of Oral and Maxillofacial Surgeons. Published by Elsevier Ltd. All rights reserved



Lower denture problems 499
Introduction

Although many edentulous patients are
satisfied with their complete dentures,
almost one third of them have com-
plaints, especially with regard to their
lower denture18,32. The complaints
include insufficient stability and reten-
tion of the denture and pain during
mastication. With time, as the resorption
of the residual ridge has commenced,
pain and difficulty with oral functioning
may even increase to an extent that
proper nutritional intake and the
patients’ ability to communicate with
ease and confidence are jeopardized. In
addition a less attractive facial appear-
ance, difficulty with speech, and avoid-
ance of social contacts may result in
psychosocial problems7. The reduced
denture-bearing area, denture quality,
dentist–patient interaction, previous
denture experiences, and the patient’s
psychological well being and personality
are all determinants of the patient’s sat-
isfaction with his/her dentures33. From
the patient’s point of view, denture
satisfaction appears to be primarily
related to aesthetics, retention, and
function.

The vast majority of the denture com-
plaints concerns the lower denture. This
is, amongst others, related to the more
severe resorption of alveolar bone in the
mandible than in the maxilla31. This
leads to a smaller denture-bearing area
and a less favourable distribution of
occlusal forces to the bone. Patients with
a severely resorbed mandible treated
with implant-retained mandibular over-
dentures appear to experience less com-
plaints, to be more satisfied and to have
better subjective chewing abilities com-
pared with patients wearing conven-
tional dentures8,24. On the short term,
the same holds for patients treated with
a new set of dentures following pre-
prosthetic surgery8,29. Thus, three treat-
ment options are available for such
patients with lower denture complaints.
The first option is the construction of a
new set of dentures. The second option is
the construction of a prosthesis follow-
ing preprosthetic surgery aiming at
enlarging the denture-bearing area (e.g.
vestibuloplasty and lowering the floor of
the month)30. The third option is to
insert endosseous implants5,16. How-
ever, long term controlled randomized
clinical trials evaluating the treatment
outcome of these three treatment
modalities for at least 10 years are lack-
ing. Most long-term trials are restricted

to the result of either overdentures or
fixed bridges and are not comparing an
implant treatment with a conventional
treatment9,12,22,25. Patient satisfaction is
important for a treatment to be regarded
successful. The real value of any treat-
ment can only be evaluated when it is
compared to the outcome of a standard
treatment (control group) in a random-
ized clinical trial2,3,7,8,29. Unfortunately,
such a design has not been or could not
be applied in studies performed thus far.
The aim of this prospective randomized
clinical trial was to evaluate the 1, 5 and
10 year satisfaction and subjective chew-
ing ability of edentulous patients treated
with implant retained overdentures
(IRO), preprosthetic surgery and a new
set of dentures (PPS), or conventional
dentures (CD). Both the patients in the
PPS and CD group had the possibility to
change to implant-retained overdenture
therapy after 1 year.
Study design

A total of 90 patients were randomly
assigned to one of the following groups:

— patients treated with an overdenture
retained by dental implants in
the lower jaw (Implant Retained
Overdenture group, IRO);

— patients treated with a vestibulo-
plasty and lowering the floor of
the month before insertion of a
new conventional complete denture
(Pre-Prosthetic Surgery group, PPS);

— patients treated with a new con-
ventional complete denture alone
(Complete Denture group, CD). The
CD group was considered as the
group patients receiving standard
treatment (control group).

All patients received a new maxillary
denture. Assignment was executed by
means of a balancing allocation
method36 to ensure pre-treatment com-
parability of the groups regarding age,
gender, years of being edentulous in
the lower jaw, number of previously
made complete dentures, age of the
present lower denture, and mandibular
symphyseal bone height as measured
on a standardized lateral cephalogram
(Table 1). An independent person who
was not involved in the treatment of any
of the subjects neither in the analysis of
the data carried out this randomization
procedure. After 1 year, patients of CD
and PPS group who were not satisfied
had the opportunity to switch to an
implant-retained overdenture. These
patients, however, remained in the CD
or PPS group for analysis (intention to
treat). The outcome of the baseline
data prior to treatment with regard to
denture complaints, the subjective chew-
ing ability, and the patient’s overall den-
ture satisfaction prior to treatment are
Table 1. Characteristics of the groups at the baseline of the study (mean�SD)

IRO
(n=32)

PPS
(n=28)

CD
(n=30)

Age (years) 58.2�12.6 52.7�9.4 55.2�11.6
Gender Male (n)/Female (n) 15/17 11/17 13/17
Edentulous period lower jaw (years) 19.9�11.5 19.4�9.7 19.5�9.4
Number of lower dentures 2.3�0.9 2.2�0.9 2.3�1.0
Age of lower denture (years) 7.1�4.8 7.9�6.3 8.4�6.0
Mandibular jaw bone height (mm) 20.6�3.0 20.6�2.5 20.8�2.6

IRO: Implant Retained Overdenture.
PPS: Pre-Prosthetic Surgery.
CD: Complete Denture.
Methods

Patients

The patients included in this study had
all been referred to the Department of
Oral and Maxillofacial Surgery and
Maxillofacial Prosthodontics by their
dental or medical practitioners. All
patients had persistent problems with
wearing conventional complete dentures
due to reduced stability and insufficient
retention of their lower denture. The
inclusion criteria involved an edentulous
period of at least 1 year and a mandibu-
lar height in the symphysis region
between 15 and 25 mm (Cawood, class
IV and V)10. Patients previously treated
with preprosthetic surgery or dental
implants were excluded.

An oral and maxillofacial surgeon and
prosthodontist examined the patients
and informed them about the different
treatment options, possible risks, and
the methods employed for assignment to
the treatment groups. Informed consent
was obtained from all participating
patients. The study was approved by the
hospital medical ethical committee for
‘pre-randomization28,35.
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summarized in Table 2. There were no
significant differences among the three
groups at the baseline.
ment), and 1, 5 and 10 years after
treatment. Twelve questions addressed
problems with functioning with the
lower denture, and seven questions con-
cerned the upper denture. The extent of
each specific complaint could be
expressed on a four-point rating scale
(0=no, 1=little, 2=moderate, 3=severe
complaints). Five questions addressed
chewing ability of tough and hard food,
each with a three-point rating scale
(0=good, 1=moderate, 2=bad). The
patient’s overall denture satisfaction was
expressed on a 10-point rating scale
(1=very bad to 10=excellent). A princi-
pal component analysis with varimax
rotation on the based-line data sup-
ported the structure of the question-
naire. On each factor, final scores were
calculated as the mean of the item
scores, ranging from zero to three for the
complaints questionnaire and from zero
to two for the subjective chewing ability.

In case of a mobile implant, removal
of the implant was performed and
another implant was inserted after 3
months according to the same pro-
cedure. Sensory changes of lip and chin
were evaluated by touching the lip and
chin regions of the patient with a cotton
pellet in different areas.
Results

At the 1 year evaluation, four patients
were lost to follow-up (death, n=1;
unwillingness to participate, n=2; seri-
ous illness not related to denture wear-
ing, n=1). The remaining 86 subjects (30
IRO patients, 27 PPS patients and 29
CD patients) were evaluated for the allo-
cated treatment. Eight patients from the
CD group (28%) and four patients from
the PPS group (15%) chose to switch to
an implant retained overdenture after 1
year. At the 5 years evaluation, another
eight patients were lost to follow-up
(death, n=6; unwillingness to partici-
pate, n=2), leaving 78 patients available
for the 5 years follow-up (29 IRO
patients, 26 PPS patients and 23 CD
patients). The PPS and CD patients that
meanwhile were treated with an implant
retained overdenture remained in the
original groups for evaluation (i.e.,
according to the intention to treat
principle). After the 5 years follow-up
another six patients from the CD group
and two patients from the PPS group
switched to an implant-retained over-
denture. At 10 years evaluation, three
patients were lost to follow-up (death,
n=2; unwillingness to participate, n=1)
leaving 75 patients for the 10 years
follow-up (28 IRO patients, 24 PPS
patients, 23 CD patients; according to
the intention to treat principle).
Table 2. Scores (mean�SD) of the denture complaints questionnaire, the chewing ability
questionnaire, and the overall denture satisfaction rating at the baseline of the study

IRO
(n=32)

PPS
(n=28)

CD
(n=30)

Complaints lower denture (score 0–3) 1.8�0.7 1.9�0.6 1.7�0.7
Complaints upper denture (score 0–3) 0.7�0.5 0.7�0.7 0.5�0.5
Problems in chewing tough food (score 0–2) 1.2�0.1 1.1�0.7 1.1�0.6
Problems in chewing hard food (score 0–2) 1.8�0.3 1.8�0.3 1.6�0.6
Satisfaction rate (score 1–10) 4.7�1.2 4.4�1.5 4.8�1.5

IRO: Implant Retained Overdenture.
PPS: Pre-Prosthetic Surgery.
CD: Complete Denture.
Table 3. One-year post-treatment score (mean�SD) of the denture complaints questionnaires,
the chewing ability questionnaire and of the overall denture satisfaction rating

IRO
(n=30)

PPS
(n=27)

CD
(n=29) Significance

Complaints lower denture (score 0–3) 0.2�0.2 0.6�0.7 1.1�0.8 IRO<PPS<CD
Complaints upper denture (score 0–3) 0.3�0.3 0.3�0.5 0.3�0.5 N.S.
Problems in chewing tough food (score 0–2) 0.1�0.3 0.3�0.5 0.6�0.6 IRO<CD
Problems in chewing hard food (score 0–2) 0.6�0.7 1.1�0.8 1.7�0.7 IRO<PPS<CD
Satisfaction rate (score 1–10) 8.2�1.0 7.5�1.4 6.5�1.5 IRO, PPS>CD

N.S.=not significant.
IRO: Implant Retained Overdenture.
PPS: Pre-Prosthetic Surgery.
CD: Complete Denture.
Data analysis

Differences among the three groups at
the 1, 5 and 10 years follow-up were
tested by applying a one way analysis of
variance. Where applicable, Tukey’s test
was performed for multiple comparison.
In all statistical tests, a significance level
of 0.05 was chosen. For the 5 and 10
years data two types of analyses were
performed: an intention to treat analysis
(comparison of the three groups accord-
ing to the original randomization pro-
cedure; also patients who changed to
IRO were still analysed in the CD or
PPS group), and a per protocol analysis
(comparison of IRO versus non-IRO;
t-test).
Treatment

All patients were treated in the same
department by two experienced oral-
maxillofacial surgeons and two experi-
enced prosthodontists. In the IRO
group, two endosseous implants accord-
ing to Branemark (n=16 patients)
(Nobelbiocare, AB, Götenborg, Sweden)
or IMZ (n=16 patients) (Friedrichsfeld,
Mannheim, Germany) were placed in
the canine region of the mandible under
local anaesthesia1,19. During the healing
period of 3 months, a soft liner was
placed in the lower denture. After the
healing period, thinning of the mucosa
and abutment connection was per-
formed. The subsequent prosthodontic
treatment was performed according to
a standard procedure: a mandibular
overdenture with a metal clip retention
system on a round Ackerman bar
connecting the implants4. In the PPS
group, an interforaminal vestibuloplasty
according to the buccal onlay procedure
and lowering of the floor of the mouth
was carried out under general anaes-
thesia30. The relined lower denture was
fixed with peri-mandibular silk ligatures,
which were removed after 1 week. After
a healing period of 4 weeks, new com-
plete dentures were made according to a
standardized procedure. The nonsurgical
(CD) group was treated by making
new dentures with an optimal fit and
balanced occlusion, according to a
standardized procedure.
Evaluation criteria

The variables used for treatment out-
come assessment primarily focused on
the subjective appreciation of the den-
ture. Denture satisfaction was assessed
with a validated self-administered ques-
tionnaire33 at the baseline (prior to treat-
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The results of the 1 year evaluation for
the three groups with regard to the den-
ture complaints and chewing ability
questionnaires, and the overall denture
satisfaction rating are given in Table 3.
Except for the scale ‘functional com-
plaints of the upper denture’, the IRO
group had significantly more favourable
scores than the PPS and CD group. For
the overall denture satisfaction rating,
the IRO and PPS groups scored signifi-
cantly higher than the CD group. After 5
years, the intention to treat analysis
showed a significant difference between
the IRO group and the CD group only
with regard to the scale ‘complaints
lower denture’ (Table 4). The other items
showed no significant difference between
the groups. After 10 years, the intention
to treat analysis did not yield a statistical
difference between the groups (Table 5).

For all groups, the satisfaction rates
(Tables 2, 3) had increased from the
baseline to the 1 year follow-up. These
rates tended to decrease slightly at the 5
years follow-up (Table 4), but recovered
thereafter (Table 5). At all evaluation
time points, the IRO patients tended to
be the most satisfied. These data are due
to the intention to treat analysis because
at the 5 and 10 years follow-up the PPS
and CD groups also consist of patients
who were treated with implants if they
were not satisfied. Therefore, also a per
protocol analysis (Table 6) was per-
formed showing that IRO patients (total
IRO) were significantly more satisfied
than permanent PPS and CD patients
(total non IRO) both at 1, 5 and 10 years
follow-up.

During the 3 months osseointegration
period, three patients lost in total four
implants (three Brånemark implants,
one IMZ implant). During the first year
of follow-up, two patients lost three
implants (two Brånemark implants, one
IMZ implant). After a period of 3
months new implants were inserted suc-
cessfully. None of the implants was
mobile at the evaluation periods and
after 10 years all implants were in func-
tion. The implant survival rate during
the 10 years of follow up is 93% (47
patients received 94 implants). The satis-
faction score of the patients with implant
loss was also evaluated separately and
showed no differences when compared
to the score of the other patients in this
group.

Two patients treated with prepros-
thetic surgery and one patient treated
with implants had minor dysesthesia of
the lower lip after 1 year, but this was
resolved at the evaluation after 5 years.
Discussion

This is the first prospective, randomized
trial evaluating differences in effective-
ness of three treatment modalities with a
10 years follow-up. The outcomes show
that patients within the IRO group were
the most satisfied, although good results
were also observed in PPS and CD
treated patients. Dissatisfied patients
that switched from the PPS and CD
groups to an IRO treatment all were
satisfied following the latter treatment.

The tendency that the 5 years satisfac-
tion rate was slightly increased in the CD
group when compared to the 1 year
results is likely due to the higher satisfac-
tion rate of the eight CD patients that
had switched to an implant-retained
overdenture. On the whole, at the 5 years
evaluation the patients probably had
become used to an improved dental
rehabilitation resulting in a shift of
attention towards minor discomforts
that became relatively more important
(Tables 3, 4, 5). The observation that
satisfaction had increased again at the 10
years follow-up can be explained from
the phenomenon that patients who were
not satisfied with their complete denture
had taken the opportunity to have
implants after all. Consequently, all
groups should eventually consist entirely
of satisfied patients, either or not with an
implant retained overdenture Stegenga.

Previous studies have shown that
implant retained overdenture treat-
ment has a positive effect on the
patients’ opinion about their den-
tures6–8,11,13,15,20,23,34. Major drawbacks
of most of these studies include the lack
of a control group and a rather short
follow-up. In the current study, the long-
term treatment outcomes of three treat-
ment modalities were compared with
each other.

The favourable short-term results of
the PPS group were probably attribu-
table to the effect of the enlargement of
the dental bearing area for denture sup-
port. After 5 years the satisfaction rate
was diminished and comparable to that
of the CD group. The question may arise
whether this treatment modality is still a
valuable treatment as nowadays endos-
seous implants are a reliable treatment
modality.

One year after insertion of the new
dentures, the patients of the IRO and
PPS groups had a better chewing ability
than those of the control group. These
results are in accordance with those of
L & C21, who found
that the patient’s assessment of the
Table 4. Five-year post-treatment score (mean�SD) of the denture complaints questionnaires,
the chewing ability questionnaire and of the overall denture satisfaction rating (intention to
treat analysis)

IRO
(n=29)

PPS
(n=26)

CD
(n=23) Significance

Complaints lower denture (score 0–3) 1.4�0.4 1.8�0.6 1.9�0.8 IRO<CD
Complaints upper denture (score 0–3) 0.5�0.6 0.5�0.6 0.4�0.4 N.S.
Problems in chewing tough food (score 0–2) 0.2�0.3 0.4�0.5 0.4�0.5 N.S.
Problems in chewing Hard food (score 0–2) 1.0�0.8 1.3�0.8 1.4�0.6 N.S.
Satisfaction rate (score 1–10) 7.3�1.3 6.4�1.8 6.7�1.5 N.S.

N.S.=not significant.
IRO: Implant Retained Overdenture.
PPS: Pre-Prosthetic Surgery.
CD: Complete Denture.
Table 5. Ten-year post-treatment score (mean�SD) of the denture complaints questionnaires,
the chewing ability questionnaire and of the overall denture satisfaction rating (intention to
treat analysis)

Ten years
IRO

(n=28)
PPS

(n=24)
CD

(n=23) Significance

Complaints lower denture (score 0–3) 1.4�0.4 1.7�0.6 1.6�0.7 N.S.
Complaints upper denture (score 0–3) 0.4�0.4 0.6�0.7 0.3�0.5 N.S.
Problems in chewing tough food (score 0–2) 0.2�0.4 0.3�0.5 0.3�0.4 N.S.
Problems in chewing hard food (score 0–2) 1.0�0.8 1.0�0.8 1.1�0.7 N.S.
Satisfaction rate (score 1–10) 7.7�0.9 7.4�1.3 7.1�1.3 N.S.

N.S.=not significant.
IRO: Implant Retained Overdenture.
PPS: Pre-Prosthetic Surgery.
CD: Complete Denture.
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chewing ability and chewing efficiency
improved significantly after insertion of
implant-supported fixed prosthesis in the
mandible. In another study, no signifi-
cant improvement in chewing ability or
chewing efficiency after treatment with a
mandibular implant-retained overden-
ture could be demonstrated14. In latter
study the number of patients was small
and there was no control group
included.

The complaints of the upper denture
revealed no significant differences
between the groups. It has been reported
that masticatory performance of implant-
retained overdenture wearers is substan-
tially better than of complete denture
wearers13. It has also been suggested that
patients experience retention problems
with their upper denture after being
treated with endosseous implants in the
lower jaw because of the improved masti-
catory performance and bite force26. This
supposition was, however, not confirmed
by another study8, nor by the results from
this study.

The fact that preprosthetic surgery
must be carried out under general anaes-
thesia with hospitalization, that a
number of patients nevertheless chose
for a second operation to have implants
inserted and that the satisfaction scores
are in favour in the IRO group, urges to
conclude that there is a clinical prefer-
ence for implant treatment over vestibu-
loplasty. The relatively simple treatment
of inserting two implants and fabrication
of new dentures meets the objectives
associated with dramatic improvement
in denture wearing, negligible surgical
trauma, and low morbidity. When com-
paring the IRO group with the CD
group, only the item ‘complaints lower
denture’ scores significantly better in the
IRO group. However, this is probably
the most important item, because these
complaints were the main reason to seek
therapy.

The implant survival rate of implants
in this study is 92.6% at the 5 and 10
years evaluation period. This percentage
is comparable with the 5 years results of
other prospective studies which reported
between 94.5–98% on implant-retained
overdentures9,17,25,27. No implants were
lost between 5 and 10 years.

It, therefore, can be concluded that
the implant-retained overdenture is the
treatment of choice for patients with
resorbed edentulous mandibles. The
strategy to make a complete denture first
and give the patient the opportunity to
have implants if he/she is not satisfied,
after an evaluation period of at least 1
year, is a good choice particularly in
patients with still a rather high mandibu-
lar bone height. The latter strategy
shows also a rise in satisfaction scores
and has the advantages that it is less
expensive. However, 40% of the non-
IRO group had received implants after
10 years. The success of endosseous
implants has reduced the need for con-
ventional preprosthetic surgery as a sole
means to improve denture retention and
stability, but in some cases, a combi-
nation of preprosthetic surgery and
implants is necessary to create a stable
and reliable basis for endosseous
implants.
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