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Abstract
Objective: The aim of the present prospective clinical study was to compare patient-reported
outcomes for maxillary conventional dentures and maxillary implant-supported dentures.
Material and methods: Twenty-one patients (6 women and 15 men) being edentulous in the
maxilla and encountering problems with their existing dentures were included. Twelve patients
(4 women and 8 men) received a new set of conventional dentures, due to insufficient dentures. In
nine patients (2 women and 7 men), the existing dentures were adjusted by means of relining or
rebasing. All patients received implant-supported dentures on two retentive anchors. In total, 42
implants were inserted in the anterior maxilla. The participants rated their satisfaction on their
existing conventional dentures, 2 months after insertion of new conventional dentures and
2 months after insertion of implant-supported dentures. Thereby, patients responded to
questionnaires capturing the oral health impact profile (OHIP) using visual analog scales. Seven
domains (functional limitation, physical pain, psychological discomfort, physical, psychological and
social disability and handicap) were assessed. Higher scores implied poorer patient satisfaction. In
addition, the questionnaire involved the evaluation of cleaning ability, general satisfaction, speech,
comfort, esthetics, stability, and chewing ability. Higher scores implied higher patient satisfaction.
Results: Patient satisfaction significantly increased for implant-supported dentures compared with
old dentures in all seven OHIP subgroups, as well as for cleaning ability, general satisfaction, ability
to speak, comfort, esthetics, and stability (P < 0.05). The comparison of new conventional dentures
and implant-supported dentures revealed a statistically significantly increased satisfaction for
functional limitation (difference of 33.2 mm), psychological discomfort (difference of 36.7 mm),
physical disability (difference of 36.3 mm), and social disability (difference of 23.5 mm), (P < 0.05).
Additionally, general satisfaction, chewing ability, speech, and stability significantly improved in
implant-supported dentures (P < 0.05).
Conclusions: Within the limits of this study, maxillary dentures retained by two implants provided
some significant short-term improvements over conventional dentures in oral- and health-related
quality of life.

With today’s high life expectancy and contin-
uous population growth, the amount of
elderly patients visiting the dental practice is
increasing. For a proper treatment of these
individuals, medical, social, and dental fac-
tors have to be considered. The incidence of
edentulous patients varies worldwide between
7% and 69% (Petersen et al. 2005). Even
though several authors stated a decreasing
number of edentulous patients (Turkyilmaz
et al. 2010; Furuyama et al. 2012), demo-
graphic trends show an immense increase in
adults over 55 years of age (Douglass et al.
2002).

Given that oral health is strongly age-depen-
dent, which explains that edentulous people
are usually found to be 65 years or older
(central bureau of statistics 2012, Den Haag,
the Netherlands; DMS IV 2006), a high num-
ber of edentulous patients might be expected
in private practice even in the future.

Thus, it is likely that more patients will
become edentulous at an older age, where
patients have a reduced adaptation to deal
with the edentulous situation (Thomason
et al. 2003).

Denture retention is by definition, resis-
tance of a denture to vertical movement in
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the opposite direction, away from the tissues
(Jacobson & Krol 1983; Nairn & Shapiro
1995). Several factors contribute to retention,
such as psychological acceptance, adhesion,
cohesion, viscosity, gravity, oral and facial
musculature, vacuum and atmospheric pres-
sure (Roessler 2003). A relatively high num-
ber of patients wearing mucosa-supported
dentures are likely to be dissatisfied, mostly
with their mandibular dentures (Lechner &
Roessler 2001). Mostly, these patients com-
plain about lack of prosthesis stability and/or
retention and decreased chewing ability (van
Waas 1990b). The patients are hindered when
speaking and eating which in turn has its
impact on their well-being. In the past, some
patients even accepted denture problems as
part of wearing a prosthesis (MacEntee et al.
1997).

The introduction of implants to retain den-
tures was a huge improvement for those
patients and offered new treatment alterna-
tives. Different aspects, such as psychological
factors, mastication, stability, comfort,
speech, food choice and impact on social
activities could be optimized (de Grandmont
et al. 1994; Bouma et al. 1997; Wismeijer
et al. 1997; Awad & Feine 1998; Awad et al.
2003a,b; Heydecke et al. 2003; Strassburger
et al. 2004; Allen et al. 2006).

Historically, implants supporting overden-
tures in the maxilla performed inferior to
implants supporting overdentures in the
mandible (Engquist et al. 1988; Naert et al.
1991; Jemt et al. 1992, 1996; Johns et al.
1992; Quirynen et al. 1992; Smedberg
et al. 1993; Palmqvist et al. 1994; Hutton
et al. 1995; Ekfeldt et al. 1997; Bergendal &
Engquist 1998). In addition, the success rates
for maxillary implants vary quite extensively
among the studies (Engquist et al. 1988; Jemt
et al. 1992, 1996; Johns et al. 1992; Kramer
et al. 1992; Smedberg et al. 1993). A number
of parameters might possibly explain these
differences, including number and length of
implants, prosthesis design, bone quality and
quantity and opposing dentition (Sadowsky
2007). It was also demonstrated that two
implants supporting overdentures in the
maxilla could not be recommended due to
considerable bone loss observed in a 4-year
retrospective study (Quirynen et al. 1991).
More favorable outcomes, however, were
observed when the number of implants was
increased to four and the implants rigidly
splinted (Naert et al. 1998; de Albuquerque
Junior et al. 2000). Therefore, four splinted
implants were considered to be the minimal
number of implants to support overdentures
in the maxilla. This treatment concept was

based on the use of implants with a smooth
surface.

Over the years, implant surfaces have
changed and improved leading to more favor-
able implant survival rates also in the max-
illa (Del Fabbro et al. 2004; Oliveira et al.
2012). Therefore, the minimal and optimal
number of implants to support maxillary
overdentures has regained scientific attention
and is not yet defined (Kronstrom et al.
2006). In addition, there is a controversy with
concern to the best prosthetic treatment
option for edentulous patients (Burns 2000;
Feine et al. 2002; Fitzpatrick 2006; Strass-
burger et al. 2006; Klemetti 2008). For this
purpose, not only the clinician’s evaluation
of the reconstruction is needed, but also the
patient’s individual perception and satisfac-
tion is decisive (Feine et al. 1998). The
assessment of oral health is thereby a com-
prehensive means to rate the patient satisfac-
tion (John et al. 2004a,b,c; Strassburger et al.
2006). The oral health-related quality of life
(OHRQoL, Oral Health-Related Quality of
Life) describes different aspects of life being
affected by the oral health. These include the
ability to function (biting, chewing, and
speaking), psychological status (self-esteem,
satisfaction with appearance), social factors
and pain or discomfort (Inglehart & Bagrami-
an 2002).

The OHRQoL is assessed by means of
patient questionnaires capturing the Oral
Health Impact Profile (OHIP; Slade & Spencer
1994; Locker 1995). Being introduced in the
1990s, the OHIP is now translated in several
languages and is one of the most comprehen-
sive means used worldwide to evaluate
patient satisfaction (Slade & Spencer 1994).
In this way, results of studies reporting on
patient satisfaction can be compared with
each other, which will help define clinical
guidelines and the most appropriate treat-
ment option for the edentulous maxilla.

With regard to the edentulous mandible,
there is a large body of evidence to support
the use of implant-supported dentures on two
implants on a regular basis (Mericske-Stern
1990; Wismeijer et al. 1997; Feine et al.
2002; Thomason et al. 2009). The results of a
systematic review showed objective benefits
in the masticatory performance of patients
wearing implant-supported or retained den-
tures compared with conventional dentures
(Fueki et al. 2007).

In contrast to the mandible, there is less
scientific evidence for implant-supported
maxillary dentures with regard to implant
survival, biological, technical and prosthetic
parameters and patient-reported outcomes

(Gallucci et al. 2009; Andreiotelli et al. 2010;
Stoumpis & Kohal 2011). Furthermore, little
attention has been paid to patient satisfaction
for maxillary overdentures compared with
implant-supported overdentures. Compari-
sons with alternative treatment strategies
such as complete overdentures are thus
strongly needed (Allen & McMillan 2003).

A straightforward, minimal-invasive and
cost-effective treatment option for the eden-
tulous maxilla could be the placement of
two implants. Thereby, the retention of the
denture could be sufficiently improved for
patients experiencing problems with prosthesis
retention.

The hypothesis is that patient satisfaction
and prosthesis retention will be enhanced by
the use of two implants to support a maxil-
lary denture compared with a conventional
maxillary denture.

The aim of the present prospective clinical
study was to compare patient-reported out-
comes for maxillary conventional dentures
and maxillary implant-supported dentures.

Materials and methods

Study design
The present study was designed as a within-
subject prospective clinical trial. The local
ethical committee approved the study proto-
col and procedures. Patients were thoroughly
informed about the study aim and the proce-
dures. Written informed consent was
obtained from all patients prior to the begin-
ning of the study.

Patients
Patients were consecutively referred by pri-
vate practitioners responding to a letter of
inquiry sent to them with the information
on the intended study purpose. All patients
were treated at the Academic Center for Den-
tistry Amsterdam (ACTA), Amsterdam, the
Netherlands.

The following inclusion criteria were
applied:

• edentulism in the maxilla for at least
1 year,

• patients wearing definitive dentures for at
least 6 months,

• patients encountering problems with the
existing dentures and in need of implant
treatment,

• good general condition,

• all ridge resorption patterns were allowed
in the anterior maxilla, provided that the
implant could be placed primary stable
and was mostly embedded in autologous
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bone (classification according to Cawood
& Howell 1988),

• edentulous patients in the mandible or
patients having up to a maximum of four
abutments (either on teeth or on
implants)both smokers (with a limit of 10
cigarettes per day) and nonsmokers were
included.

The applied exclusion criteria were as fol-
lows:

• patients with immediate maxillary den-
tures,

• patients with clinical signs of bruxism or
other severe functional disorders,

• Patients with a systemic condition jeopar-
dizing successful implant therapy,

• Disorders in the area of planned implant
placement, such as chronic bone diseases,
present or previous tumors or irradiation,

• Lack of compliance.

One-hundred and forty patients were
screened clinically for possible inclusion in
the present study. An initial clinical and
radiographic examination (panoramic radio-
graph) was performed. Thereby, the quality of
the existing dentures was assessed, and the
conditions of the oral mucosa and the bone
support were evaluated. Forty patients ful-
filled the requirements for the present study
and were included for further screening.

In case, the dentures fulfilled functional
and esthetic criteria with only minor devia-
tions, the existing dentures were adjusted
(e.g. relining and rebasing), to provide the
patients with the most appropriate prostheses
(Zarb & Jacob 2004).

In case, the existing dentures were insuffi-
cient with regards to function, esthetics and/
or other parameters, new dentures were made
according to proven standards for overden-
tures (Fig. 1; Anderson 2004; Bolender 2004;
Davis 2004a,b; Fenton 2004; Zarb & Finer
2004). Thus, there were two groups of
patients for conventional dentures: patients
with old conventional dentures, that is,
adjusted existing dentures (OP) and patients
receiving new conventional dentures (NP).
Within this study, all patients received
implant-supported dentures, which was the
third group (IP; Zarb et al. 2004). Oral
hygiene instructions were given specifically
for denture wearers.

The adjusted or new maxillary overden-
tures served as a master for the fabrication of
a replica prosthesis (a scan template) with
barium sulfate. A cone beam computed
tomography (CBCT)-scan (NewTom 5G, QR,
Verona, Italy) was performed and the bone
quantity evaluated according to the Cawood

and Howell classification of ridge resorption
(Cawood & Howell 1988). Patients with suffi-
cient bone in the anterior maxilla were con-
sidered for participation in the present study.
As a result, 21 patients in total were finally
included for participation.

Surgical and prosthodontic procedures
The surgeries were all performed by one
experienced surgeon (AZ). Two implants
were placed in the anterior maxilla, prefera-
bly in the canine area and by means of
guided surgery (Roxolid! and coDiagnostiX,
Institut Straumann AG, Basel, Switzerland).
The canine position was defined by the den-
ture. Thus, the implants were placed in a
nonstandardized interabutment distance. In
case of minor bone defects, GBR procedures
not compromising primary implant stability
were applied. In this case, the healing pattern
was submerged, and in all other cases, the
healing was performed transmucosal. Follow-
ing implant placement, the patients were
instructed not to wear the dentures for
1 week. At the 1-week control, the dentures
were grinded out thoroughly in the implant
area and in some cases relined with soft den-
ture conditioner (Soft-Liner, GC corporation,
Tokyo, Japan). In case of submerged healing,
abutment connection was performed after a
healing period of 4 months. Implant impres-
sions were performed 1 week after abutment
connection. In case of transmucosal healing,
implant impressions were performed 2 months
after implant placement. Thus, in all patients,
conventional loading was performed (Esposito
et al. 2007).

At the day of impression, the final maxil-
lary denture was used as an individual tray

and to register the intermaxillary relation
simultaneously (Batenburg et al. 1993) (Fig. 2).
For that purpose, two access holes were grin-
ded at the location of the implants. Implant
impression copings (RN synOcta! impression
cap, Institut Straumann AG) were shortened
by the dental technician to perform the
impression in full occlusion even in cases of
limited intermaxillary space (Figs 2 and 3). In
cases with sufficient vertical space, impres-
sion copings of regular length were used. The
impression copings were screwed onto the
implants. Their positions were changed if the
radiograph revealed a misfit. Subsequently,
an open tray implant impression was per-
formed with the patient in an upright posi-
tion and with the teeth in full occlusion. The
impression was performed using a polyether
material (Impregum, 3M Espe, Seefeld,
Germany). The bite registration was made with
a silicone material (Futar! D Fast, Kettenbach
GmbH & Co. KG, Eschenburg, Germany).
The denture was then sent to the dental
technician for modification and incorporation
of a metal frame as a backing in the anterior

Fig. 1. Patient with functionally and esthetically insufficient old conventional dentures (picture left) and after inser-
tion of new conventional dentures (picture right).

Fig. 2. Illustration of the closed mouth reline impres-
sion, facilitating simultaneous jaw record relationship
(Batenburg et al. 1993).
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part of each denture (Fig. 4). Acrylic denture
teeth were used for all patients (Candulor
PhysioStar! NFC+, Candulor AG, Wangen,
Switzerland). The occlusal scheme was lingu-
alized, balanced and without anterior con-
tacts (Wismeijer et al. 1995; Kim et al. 2005).
During this time period, the patient was
wearing a provisional maxillary denture,
which was fabricated as a duplicate of the
existing one. At the time of insertion of the
modified implant-supported denture, two
titanium retentive anchors with a height of
3.4 mm (Retentive anchor abutment, Institut
Straumann AG) were screwed onto the
implants with a defined torque of 35 Ncm
(according to the manufacturer’s recommen-
dations). Two titanium matrices were poly-
merizen into the denture base by the dental
technician (Titanium matrix for retentive
anchor, Institut Straumann AG). The patients
were instructed how to handle and clean
their dentures and soft tissues properly. Reg-
ular follow-up visits were performed at 1, 2,
4, 8 and 16 weeks postinsertion of the den-
ture. At all examinations, mucosa conditions
and the presence of technical complications
(loss of retention, fracture of denture or
attachments) were assessed. In addition, the
occlusion was controlled and corrected, to be
balanced and without anterior contacts in
habitual occlusion (Horn & Stuck 1987). A
lingualized occlusion was realized in all
patients (Lang & Razzoog 1992).

Patient-reported outcomes
The OHIP-20E questionnaire in Dutch lan-
guage was used as outcome measure for dif-
ferent treatments of the edentulous maxilla.
The 20 questions are summed up in seven
domains (functional limitation, physical pain,
psychological discomfort, physical, psycho-
logical and social disability and handicap),
which cover a wide range of possible oral
health problems that have an impact on qual-
ity of life. The anchor words were “none”
and “severe.” Higher scores implied poorer
patient satisfaction.

In addition, the questionnaire involved the
evaluation of cleaning ability, general satis-
faction, speech, comfort, esthetics, stability,
and chewing ability. To assess the chewing
ability, the patients rated the chewing of dif-
ferent types of food (soft bread, hard cheese,
dry sausage, lettuce, raw apple, and carrot).
The different foods were defined from a list
of foods ranked in order of masticatory diffi-
culty for patients with complete dentures
(Bergman & Carlsson 1972; Feine et al. 1994).
The anchor terms for evaluation were “com-
pletely satisfied” and “completely dissatis-
fied.” Higher scores implied higher patient
satisfaction with exception of the evaluation
of speech, where higher scores expressed a
decrease in patient satisfaction.

All participants measured their satisfaction
and perception of the dentures by responding
to questionnaires using visual analog scales
(VAS; de Grandmont et al. 1994). The VAS
consisted of a 100 mm horizontal line, which
was confined at both ends with the above-
cited anchor words. The patients were asked
to draw a vertical line anywhere across the
horizontal line, where their perception was
best represented.

First, the patients rated their existing con-
ventional dentures prior to the start of the
treatment. Subsequently, the procedure was
repeated for patients receiving new dentures
2 months after the insertion of the new den-
ture. The time period of 2 months was previ-
ously defined as an adequate time period for
patients to adapt and rate the new dentures
(de Grandmont et al. 1994). Finally, all
patients completed another VAS questionnaire
2 months after insertion of the implant-sup-
ported maxillary denture.

Statistical analysis
Standard statistics were applied calculating
means and standard deviations of patient-
reported outcomes for old dentures, new den-
tures and implant-supported dentures. The
analysis was performed using a statistical
software program (SAS!Version 9.2, SAS

Insitute Inc. Cary, NC, USA). Before and
after treatment measurements were analyzed
with the Wilcoxon matched pairs signed rank
test (PROC UNIVARIATE). To detect the dif-
ferences between the treatment modalities
the Wilcoxon Mann–Whitney U-test was
applied (PROC NPAR1WAY). The overall
chewing ability was calculated using the
average value of their subgroups (chewing
ability of different types of food). The level of
significance chosen in all statistical tests was
set at 5%.

Results

Patients
Twenty-one patients (6 women and 15 men)
with a mean age of 63 years (range 52–
81 years) fulfilled the inclusion criteria.
Seven patients (1 woman and 6 men) were
smokers, and 14 patients (5 women and 9
men) were nonsmokers. Twelve patients (4
women and 8 men) received a new set of con-
ventional dentures. In the remaining nine
patients (2 women and 7 men), the existing
dentures fulfilled functional and esthetic cri-
teria and were adjusted by means of relining
or rebasing, if necessary. Thus, in these
patients, no new dentures were made.

The opposing dentitions composed of sev-
enteen patients with mandibular implant-
supported dentures (16 patients had 2
implants and a bar, 1 patient had 3 implants
and a bar and 1 patient had 2 implants and
retentive anchors), three patients with con-
ventional mandibular dentures and one
patient with three remaining natural teeth
and a frame denture. In total, 42 implants
(Standard Roxolid! implants, Institut Strau-
mann AG) were inserted in the anterior max-
illa and reconstructed with retentive anchors
(Retentive anchor abutment, Institut Strau-
mann AG). In total, 36 implants were placed
flapless, and six implants were placed with
simultaneous GBR procedures.

Patient-reported outcomes
The mean values of the OHIP domains (in
mm) with standard deviations for old conven-
tional (OP), new conventional (NP) and
implant-supported dentures (IP) are presented
in Table 1. A gradual increase in patient sat-
isfaction (represented by decreasing VAS val-
ues) was evident for new conventional and
implant-supported dentures (compared with
old conventional dentures).

The lowest rating (greatest satisfaction)
was observed for social disability from patients
wearing implant-supported maxillary dentures
(OHIP score 6.7; SD 13.3). This was 21.3 mm

Fig. 3. Shortened implant impression copings with
adjusted screw head.

Fig. 4. Implant-retained maxillary denture with metal
frame, occlusal and basal view.
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less than the ratings from patients wearing
old conventional dentures and 18.7 mm less
than the ratings from patients wearing new
conventional dentures.

The highest rating (lowest satisfaction)
was scored for functional limitation in
patients wearing old conventional dentures
(OHIP score 65.5; SD 28.9). Thereby func-
tional limitation was rated 21.7 mm higher
than with new conventional dentures and
47.4 mm higher than for implant-supported
dentures.

When comparing old and implant-
supported dentures, there was a significant
increase in patient satisfaction with regard to
all 7 OHIP subgroups for implant-supported
dentures (Table 2; P < 0.05). Patient satisfac-
tion was highest for implant-supported den-
tures (lowest VAS scores). When comparing
the general variables (cleaning ability, general
satisfaction, ability to speak, comfort, esthet-
ics, stability, and chewing ability) for old and
implant-supported dentures, there were sig-
nificantly better results (higher scores) for
implant-supported overdentures for all
parameters, except cleaning ability (Tables 3
and 4).

The comparison of new conventional den-
tures and implant-supported dentures revealed
a statistically significantly increased satisfac-
tion for functional limitation (difference of
33.2 mm), psychological discomfort (differ-
ence of 36.7 mm), physical disability (differ-
ence of 36.3 mm), and social disability
(difference of 23.5 mm), P < 0.05 (Table 5).
Comparing new dentures with implant-sup-
ported dentures, general variables were rated
significantly higher for implant-supported
dentures for all parameters except cleaning
ability, comfort and esthetics (Table 6).

Discussion

Significantly improved patient satisfaction
was found for maxillary implant-supported
dentures in all OHIP subgroups, as well as
for general satisfaction, speech, comfort,
esthetics, stability, and chewing ability com-
pared with old dentures.

Slightly less parameters improved signifi-
cantly when new dentures were compared
with implant-supported ones. Social disabil-
ity improved most significantly (greatest sat-
isfaction) with implant-supported maxillary
dentures. Patients were significantly least
satisfied with the functional limitation of old
conventional dentures. Unlike the findings of
the present study, a previous within-subject
comparison did not find a significant

Table 1. Mean values (mm) and standard deviations of all OHIP subgroups for old (OP), new (NP)
and implant-retained dentures (IP)

OHIP subgroups

OP mean NP mean IP mean

N = 19 OP SD N = 12 NP SD N = 21 IP SD

Functional limitation 65.5 28.9 43.8 36.0 18.1 16.0
Physical pain 57.3 26.3 29.7 25.6 11.7 14.4
Psychological discomfort 55.1 33.0 40.6 32.8 14.6 17.1
Physical disability 50.3 24.8 40.8 32.9 12.9 15.9
Psychological disability 48.9 30.3 26.9 36.2 13.3 20.6
Social disability 28.0 29.7 25.4 28.7 6.7 13.3
Handicap 30.2 31.7 32.4 40.8 10.0 14.5

Table 2. Difference of VAS values (mm) for OHIP subgroups (mean values and standard devia-
tions) for old (OP) dentures compared with implant-retained dentures (IP). Wilcoxon matched pairs
signed rank test applied

OHIP subgroups
Mean difference
OP to IP

SD of difference
OP to IP

Median difference
OP to IP P-value N

Functional limitation "47.8 35.4 "54.3 <0.01 18
Physical pain "46.1 35.7 "58.4 <0.01 18
Psychological discomfort "39.7 37.4 "39.7 <0.01 18
Physical disability "37.5 33.7 "39.9 <0.01 18
Psychological disability "36.3 42.2 "45.2 <0.01 17
Social disability "20.9 32.7 "12.6 <0.01 17
Handicap "19.5 30.9 "13.8 <0.01 17

Table 3. Patient satisfaction (mm; mean values and standard deviations) for general variables of
old (OP), new (NP) and implant-retained dentures (IP)

Variables

OP mean NP mean IP mean

N = 19 OP SD N = 12 NP SD N = 21 IP SD

Cleaning ability 83.1 25.2 92.0 9.0 86.1 14.1
General satisfaction 33.7 27.5 63.0 29.6 84.0 22.1
Ability to speak 53.3 35.9 62.2 29.2 26.9 33.9
Comfort 33.2 26.2 65.2 23.5 75.0 31.8
Esthetics 58.6 35.9 76.5 20.1 83.7 22.9
Stability 39.1 33.0 57.2 31.9 73.0 32.4
Chewing ability 32.4 28.5 50.7 28.0 74.2 20.3

Table 4. Difference of VAS values (mm) for general variables (mean values and standard devia-
tions) for old (OP) dentures compared with implant-retained dentures (IP). Wilcoxon matched pairs
signed rank test applied

Variables
Mean difference
OP to IP

SD of difference
OP to IP

Median difference
OP to IP P-value N

Cleaning ability 3.0 32.1 "3.1 0.66 19
General satisfaction 50.3 32.4 60.2 <0.01 19
Ability to speak "29.6 58.9 "46.9 0.04 18
Comfort 41.4 33.8 41.1 <0.01 18
Esthetics 25.1 38.5 13.3 0.02 19
Stability 31.9 42.7 45.9 0.01 18
Chewing ability 41.8 25.8 43.8 <0.01 19

Table 5. Difference of VAS values (mm) for OHIP subgroups (mean values and standard devia-
tions) for new (NP) dentures compared with implant-retained dentures (IP). Wilcoxon matched
pairs signed rank test applied

OHIP subgroups
Mean difference
NP to IP

SD of difference
NP to IP

Median difference
NP to IP P-value N

Functional limitation "33.2 34.2 "28.6 0.04 8
Physical pain "22.0 26.9 "15.9 0.05 8
Psychological discomfort "36.7 29.6 "35.2 0.02 8
Physical disability "36.3 35.4 "21.2 0.02 8
Psychological disability "24.2 34.8 "10.0 0.16 7
Social disability "23.5 27.4 "6.0 0.04 7
Handicap "25.1 33.2 "2.5 0.06 7
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improvement in general satisfaction, stabil-
ity, retention, esthetics, mastication or
speech with maxillary implant-supported
prostheses compared with conventional max-
illary prostheses (de Albuquerque Junior et al.
2000). In that study, four implants were
splinted with a bar in contrast to the present
study with two un-splinted maxillary
implants. Furthermore, the opposing mandi-
ble was provided with fixed prostheses,
whereas there were solely removable mandib-
ular dentures (mostly on implants) in the
present study. Thus, the patients compared
maxillary implant-supported dentures to
more advantageous conditions in the mandi-
ble than in the present study. This might
explain the more critical appraisal toward
implant-supported maxillary dentures on four
implants and bar and the significantly stron-
ger effect on the masticatory efficiency for
maxillary dentures supported by two
implants in the present findings (de Albu-
querque Junior et al. 2000).

Interestingly, new conventional dentures
were provided to all patients and like in the
present study, questionnaires were filled in
after an adaptation period of 2 months. It is
thus assumable that patient satisfaction
already increased through the application of
new conventional dentures. The present
results demonstrate this trend with less
increased patient satisfaction for implant-
supported dentures in patients wearing new
conventional dentures compared to patients
wearing adjusted old conventional dentures.
This is substantiated by a systematic review
where almost no significant improvement in
general patient satisfaction, stability, reten-
tion, esthetics, mastication and speech was
found for implant-supported maxillary den-
tures when patients were satisfied with their
current maxillary conventional dentures
(Sadowsky 2007).

The authors concluded that maxillary
implant-supported prostheses should not be
considered as a general treatment option for
patients with good bone support (de Albu-
querque Junior et al. 2000). Moreover, the

authors do not support the use of maxillary
implants in patients being satisfied with
their conventional prostheses (de Albuquer-
que Junior et al. 2000). A randomized con-
trolled clinical trial supports the finding that
patients being satisfied with their current
dentures have almost no significant improve-
ment in general satisfaction when restored
with implant-supported dentures (Heydecke
et al. 2003). In the present study, the
included patients had problems with their
existing conventional dentures. Thus, a posi-
tive effect of the implants is plausible, inde-
pendent of the bone conditions. The patients
were less limited when eating with others
and consequently the least disabled from a
social aspect with implant-supported den-
tures. Several authors discussed the residual
ridge height to be associated with mastica-
tory efficiency (Gunne & Wall 1985; Lind-
quist et al. 1986; Slagter et al. 1992).

In the present study, most patients had
good bone conditions, despite four patients
exhibiting compromised bone situations.
This contributed to the positive outcomes of
implant-supported dentures.

Only little studies are available on maxil-
lary dentures supported by two implants with
rather poor results on implant survival rates
and bone loss (Quirynen et al. 1991, 1992;
Bergendal & Engquist 1998; Sanna et al.
2009). One study reported an absolute suc-
cess rate of only 40% after a mean loading
time of more than 6 years (Quirynen et al.
1992). Small numbers of patients were
included in these studies and the results base
mainly on smooth implant surfaces. In addi-
tion, no patient-reported outcomes were
achieved comparing maxillary implant-sup-
ported dentures on two implants to conven-
tional dentures. Thus, it is difficult to
compare the results to the present study.
One limitation of the present study is the dif-
fering number of VAS values due to incor-
rectly filled in questionnaires, despite
detailed instructions. Only questionnaires
with clear completion of the forms were con-
sidered for statistical analysis. Furthermore,

the number of patients is rather small, even
though being higher than in comparable stud-
ies on two maxillary implants (Quirynen
et al. 1991; Bergendal & Engquist 1998;
Sanna et al. 2009).

Promising results and high levels of patient
satisfaction were found for maxillary den-
tures supported by four implants and a bar
(Hooghe & Naert 1997; Naert et al. 1998; de
Albuquerque Junior et al. 2000). Significant
improvements for patient-reported outcomes
regarding comfort, retention, function,
esthetics, taste, speech, and self-esteem were
reported in a study on maxillary dentures
supported by 6–8 implants and a bar (Zitz-
mann & Marinello 2000). These authors con-
cluded that implant-supported overdentures
might be an equal and even more appropriate
treatment option to fixed implant prostheses
(Zitzmann & Marinello 2000). The high
number of implants placed to support the
removable dentures has to be considered
though. A recent systematic review analyzed
the number of implants needed to support
maxillary overdentures (Klemetti 2008). On
the basis of the available evidence, it was
concluded that patient satisfaction and func-
tion were neither dependent on the number
if implants nor on the attachment type
(Klemetti 2008).

The ability to speak in the present study
decreased after insertion of new conventional
dentures but increased significantly with
implant-supported dentures. The setup of
anterior teeth of new conventional dentures
was adjusted to photos demonstrating the
previous natural tooth position. Thereby the
tooth position in the anterior changed in
most of the patients. This might have influ-
enced the space for the tongue resulting in
inferior speaking ability. Secondly, a certain
time of adaptation is needed with new den-
tures. The patients thus had sufficient time
to adapt to the new situation before insertion
of implant-supported dentures, which were
originally the converted conventional den-
tures. Consequently, there was no other
change than the retention with implants.
This might have contributed to the signifi-
cant increase of the ability to speak with
implant-supported dentures. This result is in
agreement with a study where less speech
problems were found after treatment with
maxillary implant-supported dentures on a
bar compared with fixed implant prostheses
(Kronstrom et al. 2006).

The patients included in the present study
were all edentulous for a certain period
which makes it plausible that the cleaning
ability did not improve with implant-supported

Table 6. Difference of VAS values (mm) for general variables (mean values and standard devia-
tions) for new (NP) dentures compared with implant-retained dentures (IP). Wilcoxon matched
pairs signed rank test applied

Variables
Mean difference
NP to IP

SD of difference
NP to IP

Median difference
NP to IP P-value N

Cleaning ability "0.4 10.2 "2.0 0.35 13
General satisfaction 22.0 24.6 26.0 <0.01 13
Ability to speak "45.0 37.9 "54.0 <0.01 13
Comfort 11.1 39.8 15.0 0.15 13
Esthetics 7.8 34.8 13.3 0.13 13
Stability 21.8 39.3 21.9 0.04 13
Chewing ability 27.3 26.1 15.5 <0.01 13
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dentures but requires additional cleaning
efforts. A study comparing maxillary
implant-supported fixed and removable den-
tures found less problems with cleaning in
patients with removable dentures and bar
(Kronstrom et al. 2006).

In the present study, the implant-supported
dentures did not change with respect to the
appearance compared with the conventional
dentures. Thus, there was no improvement
with regard to the esthetics. The finding that
stability improved significantly for implant-
supported dentures compared with old and
new conventional dentures in the present
study is in agreement with several other
studies (Boerrigter et al. 1995a,b; Wismeijer
et al. 1997; Kapur et al. 1998). Based on a lit-
erature review, the positioning of implants in
the anterior maxilla (mesial to the first pre-
molars) enhances the stability of the overden-
ture, which is substantiated with the present
results (Laurito et al. 2012). Also studies on
mandibular overdentures retained by two
implants provided significant improvements
in stability in patients with severe problems
adapting to conventional dentures and in
medically compromised patients (Boerrigter
et al. 1995a,b; Wismeijer et al. 1997; Kapur
et al. 1998).

Conventional dentures can lead to rela-
tively high degrees of OHRQoL in patients
who have adapted well to the dentures (Allen
et al. 2001). One has to bear in mind that the
common ground of most of the previously
mentioned studies, including the present
one, is that the patients were denture wearers
beforehand. Thus, an appropriate adaptation
to edentulism and dentures was established
prior to implant placement. As already men-
tioned, experienced the included patients
denture problems (explaining the indication
for implants and the highest scores for func-
tional limitation). This is mirrored in several
studies that found 25–80% of patients being
unsatisfied with the function of their previ-
ous denture (Norheim & Valderhaug 1979;
van Waas 1990a; Kaptein et al. 1998). The

use of two implants in the maxilla is not a
commonly accepted procedure and until
today, there is no evidence with regard to an
optimal number of implants to be placed
when treating patients with an edentulous
maxilla (Jemt et al. 1996; Ekfeldt et al. 2001;
Kronstrom et al. 2006). On the basis of the
present short-term results, the placement of
two implants in the anterior maxilla seems
to be sufficient for patient satisfaction and
enhancement of prosthesis retention. One
has to be cautious though not to generalize
an implant-supported denture as treatment
option of first choice for each edentulous
situation.

The assessments of patient satisfaction
2 months after insertion of the dentures,
might have affected patient’s ratings in favor
of the new treatment (new conventional den-
tures and implant-supported dentures).
Therefore, patient satisfaction will again be
analyzed after 1 year to evaluate the long-
term effect.

In the present study, several factors (physi-
cal pain, psychological discomfort, handicap,
cleaning ability, comfort, and esthetics) did
not improve statistically significantly when a
new conventional denture was compared
with an implant-supported denture. A previ-
ous study found that patients who had prob-
lems with dentures and who received
satisfactory new dentures showed improved
chewing ability (Allen & McMillan 2002).
Hence, certain improvements can be
achieved simply by providing the patients
with new dentures. Consequently, the pres-
ent results illustrate that there was no signif-
icant improvement in comfort for maxillary
implant-supported dentures compared with
new dentures.

Furthermore, fully dentate patients becom-
ing edentulous represent a special and chal-
lenging case for treatment and cannot be
compared with patients wearing dentures for
a longer period of time. These patients have
to adapt first to the edentulous situation, are
likely to experience more problems with

dentures on two implants and were therefore
not included in the present study.

On the basis of the present results, it is
recommended to provide edentulous patients
with adequate conventional dentures first, to
allow for an appropriate denture adaptation.
Especially in older patients, the process of
adaptation takes time (Muller et al. 1995). In
case, the patients are unsatisfied with the
retention of their existing dentures even after
an appropriate adaptation period, the place-
ment of implants to retain the denture
proved to be a suitable treatment option for
enhancement of patient satisfaction.

Conclusion

The present results suggest that maxillary
dentures retained by two implants provide
significant short-term improvement over con-
ventional dentures in oral- and health-related
quality of life.
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Within-Subject Comparison of Maxillary
Implant-Supported Overdentures with and
without Palatal Coverage
Anja Zembic, Dr.;* Ali Tahmaseb, Dr. PhD;† Daniel Wismeijer, Prof. Dr.‡

ABSTRACT
Purpose: The purpose of this study was to compare patient-reported outcomes for maxillary implant-supported
overdentures with and without palatal coverage.
Materials and Methods: Twenty-one maxillary edentulous patients (six women, 15 men) were included. In total, 42 implants
were inserted in the anterior maxilla. All patients received implant-supported overdentures on two retentive anchors with
palatal coverage for 2 months. Thereafter, patient satisfaction was assessed by means of questionnaires capturing the oral
health impact profile (OHIP) on functional limitation, physical pain, psychological discomfort, physical, psychological and
social disability, and handicap. Additionally, cleaning ability, general satisfaction, speech, comfort, esthetics, stability, and
chewing ability were rated. Subsequently, palatal coverage was reduced, and the patients wore the overdentures for another
2 months. Patient satisfaction was obtained in the same way as above, and the evaluated parameters were compared for the
two overdenture designs.
Results: There were no significant differences between implant-supported overdentures with and without palatal coverage
for any of the OHIP domains. The evaluation of additional parameters revealed significantly higher patient satisfaction for
esthetics (mean difference 8.8 mm 1 24.6) and taste (mean difference 28.4 mm 1 29.9) without palatal coverage, p < .01.
Conclusions: Within the limits of this study, maxillary overdentures supported by two implants were equally satisfactory
with and without palatal coverage.
KEY WORDS: clinical trial, complete, dental implants, dental prosthesis, denture, edentulous, implant-supported, jaw,
maxilla, palate, patient satisfaction, quality of life, upper

INTRODUCTION

Today, implant-supported overdentures represent a reli-
able treatment option for both mandible and maxilla.1–7

However, several systematic reviews and studies con-
cluded that there is a lack of scientific evidence for
implant-supported overdentures in the upper jaw with
regard to patient satisfaction; implant survival rates; and
biological, technical, and prosthetic outcomes.8–11 Thus,
more clinical research is needed, including patient satis-
faction on implant-supported maxillary overdentures,
both with splinted and unsplinted dental implants.

In order to achieve a satisfying result with a con-
ventional maxillary overdenture, the overdenture design
relies on good support and anatomy of the hard palate,
together with good adaptation and vestibular seal at the
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borders.12–14 It has been demonstrated that the tuberos-
ity coverage by the denture is more important for reten-
tion than the coverage of the palate.15 Reduction of the
palatal coverage offers several benefits for the patients,
including an enhanced taste sensation, better control
of the gag reflex, a positive effect on salivary flow rate,
and even phonetic benefits.14,16–19 However, reduction
of the palatal coverage might negatively influence the
overdenture retention.

A former study evaluated the effects on retention by
reducing the palatal coverage of complete maxillary
overdentures.20 The results suggested that the ability to
withstand tilting loads was insignificantly altered by
reduction of the palatal coverage. In addition, patient
responses to interviews indicated that retention also
remained unchanged while eating.20 A further study
failed to show significant differences in the effect of
palatal coverage in complete overdentures.21

Thus, based on these findings, patients seem to be
satisfied with conventional overdentures even without
palatal coverage, which might function as effectively as
the conventional overdenture design.20,21

Given that the retention of conventional overden-
tures is influenced to a greater extent by tuberosity cover-
age of the overdenture, one might expect that the removal
of the palatal coverage in implant-supported overdentures
would not impair denture retention significantly.15 As a
result, the need for palatal coverage in implant-supported
maxillary overdentures may be questioned.

So far, no significant differences were observed in
one study evaluating patient satisfaction for implant
overdentures with and without palatal coverage.2 In that
study, four implants were placed, and the overdenture
was supported by a bar.2 There are no scientific data
available on the influence of implant support for
overdentures with a reduced palatal coverage. The ques-
tion whether or not there is a difference in patient
satisfaction for overdentures with or without palatal
coverage supported by a reduced number of implants
can therefore not be answered so far.

The hypothesis of the present study was that pati-
ent satisfaction is higher for maxillary overdentures
supported by two implants without palatal coverage
compared to overdentures with palatal coverage.

The aim of the present prospective crossover study
was to test whether or not there is a difference in patient-
reported outcomes for maxillary overdentures supported
by two implants with and without palatal coverage.

MATERIALS AND METHODS

Study Design and Patients

The present study was a within-subject prospective
clinical case series. The study protocol and procedures
were approved by the local ethical committee (Medisch
Ethische Toetsingscommissie van Vrije Universiteit
Medisch Centrum). All patients were informed about
the study aim and procedure and gave their written
informed consent. Details of the study design and the
surgical and prosthetic procedures were reported in a
previous publication.22 In brief, 21 patients experiencing
problems with their existing conventional dentures were
included in the present study.

Surgery and Prosthodontics

First, the existing overdentures were either adjusted in
terms of rebasing or relining, or new overdentures were
made according to proven standards for overdentures.23

Thus, it was assured that all patients had conventional
overdentures fulfilling functional and esthetic criteria.
Thereafter, a cone beam computed tomography scan
(NewTom 5G, QR, Verona, Italy) was performed for
implant planning. Subsequently, two reduced-diameter
implants (Roxolid®, 3.3 mm diameter, Institut Strau-
mann AG, Basel, Switzerland) were placed in the anterior
maxilla, preferably in the canine area and by means of
guided surgery (coDiagnostiX, Dental Wings GmbH,
Freiburg, Germany). In case of minor bone defects, local
guided bone regeneration (GBR) was applied. In this case,
the healing pattern was submerged for 4 months, whereas
in all other cases, the healing pattern was transmucosal
for 2 months. An impression was taken after the healing
period and 1 week after abutment connection for im-
plants with GBR using the overdentures as individual tray.
Access holes were prepared for that purpose in the implant
area. The overdentures were sent to the lab for conversion
to implant-supported overdentures with an incorporated
metal frame. The patients wore provisional overdentures
during this time, which were duplicates of the conven-
tional overdentures.

Implant-supported upper overdentures were
inserted approximately 3 and 5 months after implant
placement, depending on the healing pattern. The
overdentures were supported by two titanium retentive
anchors, which were screwed onto the implants with a
defined torque of 35 Ncm (Retentive anchor abutment,
Institut Straumann AG). The titanium matrices were
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already polymerized into the base of the overdentures by
the dental technician (Titanium matrix for retentive
anchor, Institut Straumann AG). Patient instructions
were given concerning handling of the overdentures and
oral hygiene specifically for implant overdentures. The
occlusion was controlled and corrected in order to be
balanced, lingualized, and without anterior contacts in
habitual occlusion.24–26

Patient-Reported Outcomes

All participants measured their satisfaction and percep-
tion of the overdentures by responding to question-
naires using visual analogue scales (VAS).3 The VAS
consisted of a 100 mm horizontal line, which was con-
fined at both ends with the below cited anchor words.
The patients were asked to draw a vertical line any-
where across the horizontal line, where their perception
was best represented. Patient satisfaction was assessed
2 months after insertion of the implant-supported
overdentures. The time period of 2 months was previ-
ously defined as an adequate time period for patients to
adapt and rate new overdentures.3

The oral health impact profile (OHIP) for edentu-
lous patients was used to measure patient satisfaction
on functional limitation; physical pain; psychological
discomfort; physical, psychological, and social disability;
and handicap (OHIP-20E). The OHIP questionnaire
was in Dutch. The anchor words were “none” (at 0 mm)
and “severe” (at 100 mm). Higher scores implied poorer
patient satisfaction.

In addition, the questionnaire involved the eva-
luation of cleaning ability, general satisfaction, speech,
comfort, esthetics, stability, chewing ability, function,
and taste. The anchor terms for evaluation were “com-
pletely satisfied” and “completely dissatisfied.” Higher
scores meant higher patient satisfaction, with the excep-
tion of the evaluation of speech, where higher scores
implied decreased patient satisfaction.

At the 8-week follow-up, maxillary overdentures were
sent to the lab, and the palatal coverage was reduced by the
dental technician as close as possible to the metal frame
(Figures 1–3). Thus, the reduction of the palatal coverage
was performed in a nonstandardized way, dependent
on the dimensions of the metal frame. The patients wore
the implant-supported maxillary overdentures without
palatal coverage for another 2 months. At the 2-month
follow-up, they filled in the questionnaires again (see
above). The occlusion was regularly checked. The patients

could thereafter choose which overdenture design they
would like to keep (i.e., either with or without palatal
coverage). In cases where the patients preferred a closed
palate, the overdentures were sent to the lab for closure of
the palate with denture acrylic.

Statistical Analysis

Standard statistics was applied calculating means and
standard deviations of patient-reported outcomes for
implant-supported overdentures with and without

Figure 1 Implant-supported maxillary overdenture with
marking for the technician where to shorten the palatal
coverage.

Figure 2 Implant-supported maxillary overdenture with
reduced palatal coverage, metal frame, and titanium matrices
(basal view).
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palatal coverage. The analysis was performed by means
of a statistical software program (SAS® Version 9.2, SAS
Institute Inc., Cary, NC, USA).

Before and after treatment measurements were
analyzed with the Wilcoxon matched pairs signed
rank test (proc univariate). To detect the differences
between overdentures with and without palatal cover-
age, the Wilcoxon Mann-Whitney U test was applied
(proc npar1way). For evaluation of the chewing ability,
average values of different subgroups were calculated
(chewing ability for different types of food). The level of
statistical significance was set at 5%.

RESULTS

Patients

Twenty-one patients (six women, 15 men) with a mean
age of 63 years (range 52–81 years) were treated in the

present study. Twelve patients (four women, eight
men) were provided with a new pair of conventional
overdentures. In the remaining nine patients (two
women, seven men), adjustments were made to the
existing overdentures by means of relining or rebasing.
The patients received in total 42 diameter-reduced
implants (Tissue Level Roxolid®, 3.3 mm diameter,
Institut Straumann AG, Basel, Switzerland) in the
anterior maxilla. A flapless procedure was performed
for 36 implants, whereas six implants were placed
with simultaneous minor GBR and an open flap
procedure. All patients were supplied with maxillary
overdentures supported by two retentive anchors
(Retentive anchor abutment, Institut Straumann
AG). Implants placed without GBR were loaded at
3 months, whereas implants placed with GBR were
loaded at 5 months.

The opposing dentitions comprised of mandi-
bular implant-supported overdentures in 17 patients (15
patients with two implants and a bar, one patient with
three implants and a bar, and one patient with two
implants and retentive anchors), conventional mandibu-
lar overdentures in three patients, and three remaining
natural teeth and a frame denture in one patient.

Patient-Reported Outcomes

The mean values of the OHIP domains (in mm) with
standard deviations are presented in Table 1 for implant-
supported overdentures with (IPp) and without palatal
coverage (IPw).

There were no significant differences between the
two overdenture designs for any of the OHIP domains
(Table 2). Both prosthetic designs were rated highly
(i.e., low VAS ratings) with mean VAS ratings for OHIP
subgroups ranging from 5.3 to 19.0 mm (Table 1).

Figure 3 Implant-supported maxillary overdenture with
reduced palatal coverage (occlusal view).

TABLE 1 Mean Values and Standard Deviations of All OHIP Subgroups for Implant-Supported Dentures with
Palatal Coverage and without Palatal Coverage. Higher Scores Imply Poorer Patient Satisfaction

OHIP Subgroups IPp Mean IPp SD IPw Mean IPw SD

Functional limitation 19.0 16.2 16.5 19.6
Physical pain 12.9 15.4 9.7 13.6
Psychological discomfort 15.5 18.1 7.9 13.7
Physical disability 14.3 17.6 13.1 21.3
Psychological disability 12.9 19.7 7.6 12.1
Social disability 6.8 12.8 5.3 7.9
Handicap 10.2 14.1 7.5 13.4

OHIP, oral health impact profile; IPp, implant-supported dentures with palatal coverage; IPw, implant-supported dentures without palatal coverage.
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The greatest satisfaction (lowest rating) was found
for social disability both for implant-supported maxil-
lary overdentures with and without palatal coverage
(OHIP IPp 6.8 1 12.8 mm; IPw 5.3 1 7.9 mm). The sat-
isfaction was least (highest rating) for functional limita-
tion both for IPp and IPw (OHIP IPp 19.0 1 16.2 mm;
IPw 16.5 1 19.6 mm).

The evaluation of the VAS scores with concern to
general variables (cleaning ability, general satisfaction,
ability to speak, comfort, esthetics, stability, chew-
ing ability, function, and taste) revealed significantly
higher patient satisfaction for esthetics (mean differ-
ence 8.8 1 24.7 mm) and taste (mean difference 28.4 1
29.9 mm) with IPw (higher scores) compared with IPp,
p < .01 (Tables 3 and 4). There was also a high patient
satisfaction for the judgment of general variables with
mean VAS scores ranging from 58.5 to 88.6 mm
(Table 3).

The highest patient satisfaction was evident for
esthetics with IPw (mean 88.6 1 14.9 mm), whereas the
patients were least satisfied with concern to taste with
IPp (mean 58.5 1 23.3 mm). Stability for IPp was judged
with a mean score of 69.4 mm 1 35.2 mm and for IPw
with a mean score of 77.7 1 25.2 mm. All remaining
parameters both for IPp and IPw were judged with
scores of 70 mm or more, representing a high patient
satisfaction. At the end of the evaluation phase (4
months postinsertion of implant dentures), 16 patients
chose an open palate, whereas five patients asked for
palatal closure.

DISCUSSION

The present study demonstrated that patient satisfac-
tion does not differ significantly for implant-supported
overdentures with or without palatal coverage except
for a more positive assumption for esthetics and taste.

TABLE 2 Differences in VAS Values for OHIP Subgroups (Mean Values and Standard Deviations) for
Implant-Supported Dentures with Palatal Coverage and without Palatal Coverage. Wilcoxon Matched Pairs
Signed Rank Test Was Applied (the Level of Significance Was Set at 5%)

OHIP Subgroups
Mean Difference

IPp to IPw
SD of Difference

IPp to IPw
Median Difference

IPp to IPw p Value n

Functional limitation −3.7 24.1 −6.1 n.s. 17
Physical pain −4.4 20.9 −2.3 n.s. 18
Psychological discomfort −4.5 17.0 −0.5 n.s. 18
Physical disability −1.2 27.4 −1.8 n.s. 18
Psychological disability −4.6 24.1 −0.1 n.s. 18
Social disability −1.5 15.0 0 n.s. 18
Handicap −3.2 11.6 0 n.s. 18

VAS, visual analogue scales; OHIP, oral health impact profile; IPp, implant-supported dentures with palatal coverage; IPw, implant-supported dentures
without palatal coverage; n.s., not significant.

TABLE 3 Patient Satisfaction (Mean Values and Standard Deviations) for General Variables of
Implant-Supported Dentures with and without Palatal Coverage. Higher Scores Imply Higher Patient
Satisfaction

Variables IPp Mean IPp SD IPw Mean IPw SD

Cleaning ability 86.5 13.9 86.7 16.8
General satisfaction 84.6 21.6 87.8 16.1
Ability to speak 25.9 33.2 31.1 35.9
Comfort 71.6 34.6 71.9 35.0
Esthetics 79.6 28.7 88.6 14.9
Stability 69.4 35.2 77.7 25.2
Chewing ability 74.6 19.8 80.0 22.0
Function 76.6 24.8 84.6 23.8
Taste 58.5 23.3 86.2 10.3

IPp, implant-supported dentures with palatal coverage; IPw, implant-supported dentures without palatal coverage.
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Thus, the hypothesis that patient-reported outcomes
are significantly better for maxillary overdentures sup-
ported by two implants without palatal coverage could
only be partly substantiated.

General Satisfaction

To date, there is no scientific evidence with regard to the
optimum number of implants to be placed when treat-
ing the edentulous maxilla.27–29 In the present study, a
minimally invasive treatment was chosen with the place-
ment of two anterior implants. The high general patient
satisfaction in the present study is in accordance with
the results of a systematic review, where the use of two
implants in the maxilla did not compromise patient
satisfaction.30 Another study evaluating patient satisfac-
tion with implant-supported overdentures found a high
general patient satisfaction independent of the number
of implants per denture or attachment type (splinted
vs nonsplinted implants).31 Despite speculations that
implant survival or patient satisfaction may not be com-
promised with the use of two implants to support max-
illary overdentures, this treatment option is still not
supported by the literature today.32,33

The patients in the present study completed
questionnaires after wearing overdentures with and
without palatal coverage for a time period of 2 months
each. Two months was considered to be an adequate
period for patients to adapt to new overdentures and
to give stable responses to questionnaires.3 The pre-
sent findings showed no significant deterioration of

functional limitation or stability when the palatal
overdenture coverage was reduced. These results are
consistent with OHIP outcomes of similar studies
on three to four maxillary implants supporting
overdentures with and without palatal coverage.2,34

Regarding the effectiveness of palatal coverage in
complete overdentures, a study found that eight out of
10 patients were more comfortable with reduced palatal
coverage than with complete palatal coverage.21 All the
selected patients had a favorable residual ridge height.
Considering these favorable conditions, the authors
concluded that conventional overdentures with reduced
palatal coverage could be as effective as overdentures
with complete palatal coverage.21

Several clinical studies have evaluated the effect of
palatal coverage at maxillary implant-supported overden-
tures.2,34–38 In all studies, the overdentures were supported
by a higher number of implants than in the present
study.2,34–38 Only two of these studies used an unsplinted
attachment system like in the present study.34,35 Three
studies were of the same design as the present one and
compared the effect of the palatal coverage in the same
patient group (within-subject comparison).2,34,37

The most recent study evaluated three maxillary
implants, which were splinted in 20 patients and
unsplinted in another 20 patients.34 Following 1 year of
function with full palatal coverage, the palatal coverage
was shortened and patient satisfaction was analyzed by
means of OHIP questionnaires after another year of
function. There was no significant difference with regard

TABLE 4 Differences in VAS Values for General Variables (Mean Values and Standard Deviations) for
Implant-Supported Dentures with Palatal Coverage and without Palatal Coverage. Wilcoxon Matched Pairs
Signed Rank Test Was Applied (the Level of Significance Was Set at 5%)

Variables
Mean Difference

IPp to IPw
SD of Difference

IPp to IPw
Median Difference

IPp to IPw p Value n

Cleaning ability 2.6 18.1 3.1 n.s. 16
General satisfaction 5.7 26.7 0 n.s. 16
Ability to speak 2.9 43.1 2.6 n.s. 16
Comfort 1.0 39.5 4.1 n.s. 16
Esthetics 8.8 24.7 2.0 <0.01 16
Stability 6.2 42.3 0 n.s. 15
Chewing ability 7.2 24.7 4.3 n.s. 16
Function 7.1 25.4 6.8 n.s. 17
Taste 28.4 29.9 21.0 <0.01 15

VAS, visual analogue scales; IPp, implant-supported dentures with palatal coverage; IPw, implant-supported dentures without palatal coverage; n.s., not
significant.
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to the prosthetic design (full or reduced palatal coverage,
splinted or unsplinted implants). Most patients (85%)
preferred dentures with reduced palatal coverage and
did not report impaired retention.34

In a study on four maxillary-splinted implants, no
significant differences with respect to general satisfac-
tion, stability, retention, comfort, esthetics, and cleaning
ability were observed for overdentures with and without
palatal coverage.2 According to the results of a clinical
trial on speech with maxillary implant overdentures, no
significant differences were found between overdentures
supported by four implants with or without palatal
coverage.37

On the basis of these results, including those from
the current study, reduced palatal coverage of maxillary
implant-supported overdentures seems to be satisfac-
tory for patients and independent of the number of
inserted implants.

Esthetics

The finding that esthetics was significantly higher for
overdentures without palatal coverage is difficult to
explain as the overdentures did not change with concern
to their outward appearance despite the removal of the
palatal coverage. Reducing the palatal coverage reduced
the palatal bulk and might have given the patients a more
natural feeling, which in turn might have positively
affected their perception of esthetics. A “more natural”
feeling for overdentures without palatal coverage was in
fact described in two patients in a previous within-subject
comparison even though no significant differences
for esthetics were detected between implant-supported
overdentures with and without palatal coverage.2

Taste

Taste and ability to chew were listed to be among the
most frequently reported criteria for success in implant
dentistry at patient satisfaction level in a systematic
review.39 This was documented in the present study
demonstrating a significantly improved taste sensation
for overdentures without palatal coverage. These data
are in accordance with several studies on conven-
tional and implant-supported overdentures.14,20,21,34 The
appreciation of taste is a complex sequence of sensory
and motor events including mastication, manipulation
of the bolus, and deglutition.40 The tactile sensation is
thereby crucial for the taste when the tongue with its

taste buds is pressed against the palate, which is hindered
in case of complete palatal coverage.

Functional Limitation

Functional limitation represents the difficulty of
chewing food among other factors influencing the func-
tion.41 The patients in the present study were not much
hampered when using overdentures with palatal cover-
age (mean OHIP score 19.0 1 16.2 mm) and without
palatal coverage (mean OHIP score 16.5 1 19.6 mm). A
study on maxillary overdentures supported by three
implants reported slightly better scores for functional
limitation both for dentures with (mean OHIP score
13.4 1 2.6) and without palatal coverage (mean OHIP
score 13.9 1 3.1).34 Likewise in the present study, func-
tional limitation did not differ significantly for dentures
with and without palatal coverage.34

Stability and Retention

In a recent review on implant overdentures, it was stated
that the stability of the overdenture is enhanced when
the implants are placed in the anterior maxilla.32 Elimi-
nating the palatal coverage of complete overdentures
did not affect negatively the stability.21 Thereby, occlu-
sion is decisive and was thought to even enhance stabil-
ity of a palateless maxillary overdenture when being well
balanced and noninterfering.42 The present results cor-
roborate these findings with stability not compromised
by the reduction of the palatal coverage. The anterior
placement of the implants as well as the balanced occlu-
sion might have added stability.

Aside from this finding, it was suggested to make
a complete palatal coverage for maxillary overdentures
supported by two implants in order to achieve adequate
stability and retention.43 In complete maxillary over-
dentures, reduction of the palatal coverage was shown to
weaken the retentive potential.20,21,44

Different important factors are involved in over-
denture retention, such as muscular retentive forces,
forces associated with the attachment system, saliva
amount and viscosity, overdenture supporting area,
direction of insertion, and implant angulation.44,45 In
addition, neuromuscular reflexes develop and are con-
ditioned by the overdenture outline, which enable the
patient to tolerate newly designed overdentures after
some time.44 In the present study, all patients experi-
enced problems with their conventional overdentures
prior to inclusion to the study. It is plausible that the
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insertion of two implants improved overdenture reten-
tion independent of the extent of palatal coverage.

The evaluation of patient satisfaction is a decisive
instrument to measure the effectiveness and success
of a treatment.46,47 However, less than 2% of studies
on implant overdentures cover patient-reported out-
comes.41 According to the outcomes of the ITI consensus
conference in 2008, there is a need for clinical trials to
scientifically and clinically validate the use of freestand-
ing implants supporting overdentures with or without
palatal coverage.9 The present study may offer a satis-
factory, reasonably priced individual, patient-oriented
treatment option.1,6 One limitation is the rather small
number of patients, even though it is higher than in
other studies on two maxillary implants.48–50 The use of
a within-subject study design offered several advantages.
In this way, each subject served as its own control, which
reduced error in variation associated with individual
differences. The reduced variability in turn increased the
power of the study.

CONCLUSIONS

On the basis of these short-term results, patient satis-
faction was favorable and similar for both implant-
supported maxillary overdentures with and without
palatal coverage. The majority of the patients preferred
reduced palatal coverage.
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Abstract
Objective: To assess implant survival rates and peri-implant bone loss of 2 titanium–zirconium
implants supporting maxillary overdentures at 1 year of loading.
Material and Methods: Twenty maxillary edentulous patients (5 women and 15 men) being
dissatisfied with their complete dentures were included. In total, 40 diameter-reduced titanium–
zirconium implants were placed in the anterior maxilla. Local guided bone regeneration (GBR) was
allowed if the treatment did not compromise implant stability. Following 3 to 5 months of healing,
implant-supported overdentures were inserted on two ball anchors. Implants and overdentures
were assessed at 1, 2, 4, and 8 weeks after implant insertion and 2, 4, and 12 months after
insertion of overdentures (baseline). Standardized radiographs were taken at implant loading and
1 year. Implant survival rates and bone loss were the primary outcomes.
Results: Nineteen patients (1 dropout) with 38 implants were evaluated at a mean follow-up of
1.1 years (range 1.0–1.7 years). One implant failed resulting in an implant survival rate of 97.3%.
There was a significant peri-implant bone loss of the implants at 1 year of function (mean, 0.7 mm,
SD = 1.1 mm; median: 0.48 mm, IQR = 0.56 mm).
Conclusions: There was a high 1-year implant survival rate for edentulous patients receiving 2
maxillary implants and ball anchors as overdenture support. However, several implants exhibited
an increased amount of bone loss of more than 2 mm. Overdentures supported by 2 maxillary
implants should thus be used with caution as minimally invasive treatment for specific patients
encountering problems with their upper dentures until more long-term data is available.

In the past, complete dentures were the only
treatment option for edentulous patients.
Demographic trends indicate that the num-
ber of edentulous patients will be relatively
high in future; thus, the need for complete
dentures might persist (Carlsson & Omar
2010; Polzer et al. 2010).

Dental implants provided the edentulous
patients with new treatment alternatives and
several factors, such as patient satisfaction,
denture retention, function, and quality of
life improved significantly (Bouma et al.
1997; Wismeijer et al. 1997; Strassburger
et al. 2006; Zembic & Wismeijer 2014).

Even though the frequency of placing oral
implants is increasing, a previous review
reported differing and small numbers (0.3%–
11%) of edentulous patients undergoing an
implant treatment (Zitzmann et al. 2007).
The most common reason for the patients

not to choose for implants was found to be
anxiety for surgical risks, followed by costs
(Walton & MacEntee 2005; Ellis et al. 2011).

Usually maxillary dentures show less
retention problems than mandibular den-
tures. This is mainly caused by an enhanced
vacuum effect through the anatomic shape of
the maxilla. Once patients start to complain
on their maxillary dentures, the retention is
often compromised due to advanced ridge
resorption. In these situations, bone augmen-
tation techniques such as guided bone regen-
eration (GBR) or autogenous bone grafts are
often inevitable when considering an implant
treatment (Chiapasco et al. 2009). This in
turn increases the risk for the patient, the
patient’s morbidity, the costs, and the treat-
ment time (Sennerby & Roos 1998; Stel-
lingsma et al. 2004). Hence, the aversion
toward implants becomes evident.

Date:
Accepted 11 April 2016

To cite this article:
Zembic A, Tahmaseb A, Jung RE, Wismeijer D. One-year
results of maxillary overdentures supported by 2 titanium–
zirconium implants – implant survival rates and radiographic
outcomes.
Clin. Oral Impl. Res. 00, 2016,000–000.
doi: 10.1111/clr.12863

© 2016 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd 1

40



One possibility to avoid bone-grafting pro-
cedures might be the use of narrow-diameter
implants in the anterior maxilla. Therefore,
patient’s risks and discomforts are reduced
in situations with limited bone quantity. The
survival of narrow-diameter implants was
found to be similar to regular-diameter
implants (Sohrabi et al. 2012). Despite
respectable survival rates, it was advised to
use narrow-diameter titanium implants with
caution due to risk of fracture in clinical use
(Buser & von Arx 2000; Allum et al. 2008).

A recently introduced diameter-reduced
implant out of titanium and zirconium alloy
offers superior mechanical strength compared
with grade 4 titanium and might help
overcome the risk of fracture (Ho et al.
2008). In addition, preclinical and clinical
studies reported similar osseointegration of
this implant to titanium implants (Thoma
et al. 2011; Al-Nawas et al. 2012; Barter et al.
2012; Chiapasco et al. 2012; Gottlow et al.
2012).

A systematic review addressed the ques-
tion of how many implants are ideal as over-
denture support (Roccuzzo et al. 2012). The
authors concluded that no answer could be
given with regard to the maxilla on the basis
of the current evidence. Former systematic
reviews with the same goal advised to place
at least 4 to even 6 implants in the maxilla
(Sadowsky 2007; Klemetti 2008; Gallucci
et al. 2009; Slot et al. 2010). This relatively
high number of implants as overdenture sup-
port makes the treatment both invasive and
costly. More minimal-invasive treatment
options should be offered to edentulous
patients with denture problems out of the
above-mentioned reasons. It remains unclear
however, how many implants can be mini-
mally inserted in the edentulous maxilla as
overdenture support (Jemt et al. 1996; Kron-
strom et al. 2006; Klemetti 2008; Roccuzzo
et al. 2012).

The placement of 2 implants in the max-
illa, as support for overdentures, was a treat-
ment option that did not prevail in the past
due to low implant survival rates and pro-
nounced bone loss (Quirynen et al. 1991; Ber-
gendal & Engquist 1998; Sanna et al. 2009).
The implants used in these studies had a
machined surface. The implant surface is
crucial for implant osseointegration. Hence,
rough-surface implants replaced machined-
surface implants due to their superior effect
on bone integration (Han et al. 1998; Ivanoff
et al. 2001; Rasmusson et al. 2001; Wenner-
berg & Albrektsson 2009). Consequently, the
survival rates significantly increased for
rough-surface implants placed in the

edentulous maxilla compared with
machined-surface implants at 1, 3, 5, and
10 years (Lambert et al. 2009).

The new titanium–zirconium implant
exhibits the successful highly hydrophilic,
sandblasted, large-grit, acid-etched surface.
Based on the encouraging clinical results,
this implant might allow new treatment pos-
sibilities, such as the formerly unestablished
but minimal-invasive treatment with 2
implants to support maxillary overdentures
(Mericske-Stern et al. 2000).

The aim of this prospective clinical study
was to assess survival rates and peri-implant
bone loss of 2 titanium–zirconium implants
supporting maxillary overdentures at 1 year
of loading.

Material and methods

Patients and study procedure
This study was designed as a prospective
clinical cohort study including 20 edentulous
patients experiencing problems with their
maxillary complete dentures.

These patients were part of a previously
published study describing the details of the
procedures (Zembic & Wismeijer 2014).

In brief, the study was approved by the
local ethical committee (Medisch Ethische
Toetsingscommissie van Vrije Universiteit
Medisch Centrum). The treatment was per-
formed at the Academic Center for Dentistry
Amsterdam (ACTA), the Netherlands. All
patients were treated by one clinician.

Implant planning
Upon adjusting the existing dentures or fabri-
cating new ones, a cone-beam computed
tomography (CBCT) scan (NewTom 5G, QR,
Verona, Italy) was performed using a scan
template (duplicate of the denture with bar-
ium sulfate). Implants were planned in the
prosthetic canine position preferably (coDiag-
nostiX, Dental Wings Inc. Montreal, Canada).
In case of major insufficiency of bone quan-
tity in this region (primary bone graft inevita-
ble), implants were planned posterior or
anterior to the canine. In case of minor insuf-
ficiency of bone quantity (dehiscence or fen-
estration defects) not compromising implant
stability, implants were planned in canine
area.

The automatic parallelization feature of
the planning software was used to ensure the
most parallel position of the 2 implants in
the mesio-distal as well as bucco-lingual
plane. When needed, the parallelized implant
position was adjusted manually according to

the individual bone conditions. The scan
template was translated into a template for
guided surgery according to the virtual
implant planning and using the manufac-
turer’s device (gonyXTM, Institut Straumann
AG, Basel, Switzerland).

Surgery
The patients received antibiotics as single
shot dose 1 preoperative (Amoxicillin 3 g)
(Amoxicillin Sandoz! Pharmaceuticals AG,
Rotkreuz, Switzerland). Mouth rinsing was
administered 1 day before surgery with a
solution of 0.12% chlorhexidine digluconate
(Perio!Aid!, Dentaid, Barcelona, Spain).

In situations with no bone defects according
to the virtual planning, soft tissue punches
were performed through the sleeves by means
of disposable biopsy tissue punches with a
standardized diameter of 4 mm (IntegraTM Mil-
tex!, Plainsboro, New Jersey, USA). Subse-
quently, guided drilling was performed
(Straumann Guided! Surgery kit, Institut
Straumann AG, Basel, Switzerland). Two
diameter-reduced implants (Roxolid! Tissue
Level, 3.3 mm diameter, Regular Neck, Insti-
tut Straumann AG, Basel, Switzerland) were
placed through the guided implant mount.
Implants with a standard shoulder height of
2.8 mm or with a reduced shoulder height of
1.8 mm were placed, dependent on the
mucosa thickness. The rough–smooth border
of the implants was placed at either bone crest
or slightly subcrestal by means of a guided ver-
tical reference. Closure screws or healing abut-
ments were inserted dependent on the mucosa
thickness, and the implants were exposed to
transmucosal healing for 2 months.

In situations with expected bone defects, a
flap was raised and guided bone regeneration
(GBR) was applied simultaneously with the
placement of two diameter-reduced implants.
Implants were placed in the same way as
mentioned above. Autogenous bone chips
gained from the surrounding bone were
applied on the exposed implant threads, fol-
lowed by a xenograft material (Bio-Oss!,
Geistlich Pharma AG, Wolhusen, Switzer-
land). A resorbable collagen membrane was
used to cover the graft (Bio-Gide!, Geistlich
Pharma AG, Wolhusen, Switzerland). Closure
screws were inserted into the implants. A
periosteal releasing incision was performed if
needed and the flap was closed tension-free
with non-resorbable PTFE monofilament
sutures (CytoplastTM, Osteogenics Biomedical,
Inc., Lubbock, USA). Submucosal implant
healing was allowed for 4 months.

The patients were instructed postopera-
tively to rinse twice daily for 2 weeks with a
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solution of 0.12% chlorhexidine digluconate
(Perio!Aid!, Dentaid, Barcelona, Spain).

Analgesics (Brufen! Bruis 600 mg, Abbott,
Illinois, USA) were prescribed according to
patient’s individual requirements. All
patients were instructed not to wear the
maxillary dentures for 1 week after implant
surgery. One week postoperatively, sutures
were removed and the dentures were thor-
oughly grinded out in the implant area. Soft
relining was carried out occasionally (Soft-
Liner, GC Corporation, Tokyo, Japan). If the
implant healing was submerged, abutment
connection was performed after 4 months
and healing abutments were inserted.
One week thereafter, implant impressions
were made. In case of transmucosal healing,
implant impressions were performed
2 months after implant insertion. Radio-
graphs of the implants were performed using
the long-cone parallel technique for control
of the correct fit of the impression posts
(Updegrave 1951).

Prosthodontic procedure
Definitive overdentures were inserted 3 and
5 months after implant placement. Thus, all
implants were loaded conventionally (Espos-
ito et al. 2007).

At the day of overdenture insertion, 2 tita-
nium retentive anchors with a standardized
height of 3.4 mm (Retentive anchor abut-
ment, Institut Straumann AG) were screwed
into the implants with a defined torque of
35 Ncm. The corresponding matrices (Tita-
nium matrix for retentive anchor, Institut
Straumann AG, Switzerland) were incorpo-
rated into the overdentures by the dental
technician. The overdentures were designed
with a metal framework and conventional
full palatal coverage. The patients wore these
overdentures for 2 months. Subsequently, the
overdentures were sent to the laboratory for
reduction of the palatal coverage and the
patients wore the modified overdentures for
another 2 months. This overdenture modifi-
cation was part of another research project
(Zembic et al. 2015). The patients could
thereafter choose which overdenture type
they preferred, with either closed or open
palatal design.

The occlusion of the overdentures was con-
trolled and corrected to be balanced and
without anterior contacts (Horn et al. 1987).
Specific instructions were given on overden-
ture handling and oral hygiene. The patients
were enrolled in an individual dental hygiene
program every 6–12 months, either at the
University of Amsterdam or at private
practices.

Clinical evaluation and outcome measures
The patients were followed up 1, 2, 4, and
8 weeks after implant insertion and 2, 4, and
12 months after insertion of overdentures
(baseline). At all visits, a clinical control of
mucosa, implants, and overdentures took
place and adverse events were noted.

Radiographic assessments were performed at
implant loading and 1 year of follow-up.

The main outcome measures were:

• Implant survival rate

• Peri-implant marginal bone loss

Secondary outcomes were:

• Peri-implant mucosa

• Overdentures

An implant was considered as “surviving
implant,” if it remained inserted during the
observation period (Albrektsson et al. 1986).

Standardized digital radiographs were per-
formed perpendicular to the implant axis
with the long-cone technique (Updegrave
1951). For this purpose, laboratory-made indi-
vidual implant-supported X-ray holders were
used which were made on the cast after
implant impression (Fig. 1). Two examiners
(BH and AZ) evaluated mesial and distal bone
levels at implant loading and 1 year using a

Fig. 1. Individualized laboratory-made radiographic
holder attached to the ball anchor.

Fig. 2. (a) The distance from the first bone-to-implant contact to the implant shoulder as reference (yellow line)
was measured. (b) Standardized radiograph illustrating the measured distance from bone level to implant shoulder
as reference (yellow arrows).
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software program (Image J; National Insti-
tutes of Health, Bethesda, MD, USA). The
distance from the first bone-to-implant con-
tact to the implant shoulder as reference
point was measured in 0.1 mm increments
(Fig. 2a,b). The known distance between
implant threads was used for calibration
(1.25 mm). In case of measurement discrep-
ancies of more than 0.5 mm, the radiographs
were re-examined and discussed until a con-
sensus was found. Cohen’s kappa coefficient
was calculated to assess the agreement
between the two examiners. Mesial and dis-
tal bone loss measurements were averaged
per implant. Then, the average of both
implants per patient was used for the analy-
sis of bone loss between baseline and 1 year,
that is, the unit of the analysis was the
patient.

Statistical analysis
Descriptive statistics was applied by calcu-
lating means, medians, standard deviations,
and interquartile ranges of bone loss. Bone
loss from baseline to 12 months was statisti-
cally assessed using the Wilcoxon signed
rank test. The level of significance was set
at 5%.

Results

Patients and implants
In total, forty implants in twenty maxillary
edentulous patients (5 women and 15 men)
were included in the present study. The
mean age of the patients was 61 years (range
45–84 years) at the time of surgery.

Six patients (6 men) were smokers, whereas
14 patients (5 women and 9 men) were non-
smokers. One patient (smoker) withdrew from
the study due to personal reasons. Conse-
quently, 38 titanium–zirconium implants in
nineteen patients were examined at a mean
follow-up of 1.1 years (range 1.0–1.7 years).

Primary implant stability was achieved
with all implants.

The location and distribution of implant
type and length are illustrated in Table 1.

The majority of implants (n = 34) were
placed in pristine bone with a flapless
approach.

An open flap procedure and simultaneous
minor bone augmentation were performed for
4 implants.

Fifteen patients preferred an overdenture
with reduced palatal coverage, whereas four
patients chose for a full palatal coverage.

In the opposing jaw, fifteen patients had
mandibular implant-supported overdentures,
3 patients had complete mandibular den-
tures, and 1 patient had three remaining nat-
ural teeth and a partial denture.

Implant survival
The implant survival rate at 1 year amounted
to 97.3%.

One implant failed out of the evaluated 38
implants due to loss of osseointegration
2 weeks prior to the 1-year follow-up visit.
This implant was placed flapless without
GBR. The patient was occasional pipe smoker
and chose for an overdenture with reduced
palatal coverage. There was abnormal tooth
wear visible 7 months following overdenture
insertion indicating parafunctions.

In the lower jaw, the patient was wearing
an overdenture on 2 implants and a bar. The
patient reported pain when removing the
overdenture and was scheduled for a control.
The implant was mobile and could be
removed manually. The socket was cleaned
carefully, and all granulation tissue was
removed. A new implant was successfully re-
inserted at the same location (region 23) after
2 months of healing with minor local GBR.

Marginal bone loss
The inter-rater agreement (Kappa) of the two
examiners was j= 0.82, which corresponds to
a very good agreement.

The bone loss is illustrated in Tables 2–5
and Fig. 3 a–d and 4 a–d.

There was significant bone loss at 1 year
(P < 0.01, 95% CI: 0.28 – 0.95 mm, Wilcoxon
signed rank test). Overall, when averaging
over implants and patients, the mean bone
loss amounted to 0.7 mm ("1.1) and the
median bone loss was 0.48 mm (IQR:
0.56 mm).

At the 12-month follow-up, bone loss up till
2 mm was observed around 23 implants
(62%). Bone loss of 2–3 mm was found around
1 implant (3%), whereas bone loss of more
than 3 mm was identified around 2 implants
(5%). In eleven implants (30%), either no bone
loss or slight bone gain was evident.

The descriptive bone loss of implants split
to the variables GBR, smoking, and overden-
tures with/without palatal coverage is pre-
sented in Tables 3–5.

Table 1. Distribution of implants (n) according to type (Standard Plus/Standard), length and region

Implant type Implant length Implant region

SP S Total 8 mm 10 mm 12 mm Total 12 13 14 22 23 24 Total

Implants (n = 38) 15 23 38 1 12 25 38 1 16 2 4 14 1 38

Table 2. Peri-implant bone loss (mm) at 12 months (mean, standard deviation, median, interquar-
tile range, range). One implant was lost until 12 months (n = 37)

Bone loss at 12 months n Mean (mm) SD (mm) Median (mm) IQR (mm) Range (mm)

37 0.7 1.1 0.48 0.56 #2.4–5.8

Table 3. Bone loss (mm) at 12 months split for implants with and without GBR (mean, standard
deviation, median, range)

Bone loss at 12 months n Mean (mm) SD(mm) Median (mm) Range (mm)

Implants with GBR 4 0.9 0.7 0.8 0.1 to 1.8
Implants without GBR 33 0.7 1.1 0.4 #0–7 to 2.8

Table 4. Bone loss (mm) at 12 months split for patients being smokers and non-smokers (mean,
standard deviation, median, range)

Bone loss at 12 months n Mean (mm) SD(mm) Median (mm) Range (mm)

Implants smokers 6 1 1.6 0.4 0.1 to 4.2
Implants non- smokers 13 0.5 0.8 0.5 #0.7 to 2.8
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Peri-implant mucosa
Until 2 months of loading:

• Mucosa overgrowth around 7 implants of
5 patients

• Pain spot in 1 patient

At 2 months of loading:

• Mucosa overgrowth around 3 implants of
2 patients

At 4 months of loading:

• No events

At 1 year of loading:

• Mucosa overgrowth around 1 implant of 1
patient

• Recession around 1 implant of 1 patient

In all patients with mucosa overgrowth,
mucosa excisions were performed. In total, 13
soft tissue events occurred at 1 year. Two clin-
ical case examples are presented in Fig. 5a,b.

Overdentures
Until 2 months of loading:

• 1 overdenture tooth 23 fracture (labora-
tory repair)

• 1 rebasing (direct)

At 2 months of loading:

• 1 fracture of the buccal shield in region of
11–14 (laboratory repair)

• 1 rebasing (direct)

• 1 phonetic problem, palatal coverage
thinned out and directly rebased

• 1 patient reports pain when inserting the
overdenture in the morning (this patient
suffered from mucosa overgrowth)

At 4 months of loading:

• 1 patient reports pain when inserting the
overdenture in the morning (same patient
as at 2 months)

Between 4 months and 1 year:

• 2 partial overdenture tooth fractures
(teeth 11, 12) in 2 patients (direct repair)

• 1 partial direct rebasing

• 1 direct rebasing, 1 indirect rebasing in
one and the same patient

• pronounced tooth abrasion and fractured
incisors in 1 patient (no repair needed,
just polished; this patient lost 1 implant)

At 1 year of loading:

• 1 minor overdenture tooth fracture 22 (no
repair needed, just polished)

Overall, there were 4 minor fractures
which could be resolved chairside by either
polishing or composite buildups and 2 major
fractures, which were sent to the dental tech-
nician for repair. At 1 year, 5 overdentures
were rebased directly chairside. One

overdenture was sent to the laboratory for an
indirect rebasing.

Discussion

The results of the present study demon-
strated a high implant survival rate for 2
maxillary implants supporting overdentures
at 1 year of function. There was significant
peri-implant bone loss from implant loading
to the 1-year follow-up.

Implant survival rate
A lower implant survival rate (82.1%) than
in the present study was reported in a study
on 2 narrow-diameter implants placed in the
canine area of fourteen patients (Weng &
Richter 2007). The mean observation period
was 25.6 months which is longer than in the
present study. Likewise as in the present
study, implants were loaded with a conven-
tional approach, that is, 2 and more months
following implant placement (Esposito et al.
2007). Conventional implant loading in the
edentulous jaw supporting overdentures had
a positive impact on implant survival with
less implant failures compared with shorter
healing times (Schimmel et al. 2014; Kern
et al. 2016). Still, there was a high number of
failures in the named study even after
7 months of healing before loading.

The overdentures were of similar design as
in the present study with a metal framework
and open palatal design but supported by 2

telescopic abutments (Weng & Richter 2007).
Telescopic abutments are more rigid than
ball anchors which might have affected the
load transfer to implants and accordingly the
implant survival rates in a negative way. On
the other hand, there were no differences for
the survival rates of 4 maxillary implants
supporting overdentures with either tele-
scopic crowns, bar or locator attachments in
a prospective study at 3 years (Zou et al.
2013). Unfortunately, there was no random
allocation of the 3 attachment systems. One
might speculate that the attachment system
is not likely to influence implant survival
rates when 4 implants are placed in the max-
illa, but might have an effect when less than
4 implants are inserted. Furthermore, this
might apply primarily for rigid telescopic
attachments compared with ball attachments
with a higher degree of freedom.

In another study, the patients were ran-
domly assigned to splinted maxillary implants
by means of a bar and to unsplinted implants
by means of ball attachments (Bergendal &
Engquist 1998). Sixteen patients received less
than 4 implants in the maxilla. No significant
differences were found for the survival of
splinted vs. unsplinted implants at 5 years
(Bergendal & Engquist 1998). Thus, bar and
ball attachments seem not to have an impact
on implant survival rates, even when less than
4 implants are placed in the maxilla.

Another study also presented an inferior
1-year survival rate of 84.6% for 3 narrow-

Fig. 3. Two clinical cases illustrating the considerable variations of bone loss from baseline (implant loading) to the
1-year follow-up). (a) Case 1: Bone level of implant 13 at baseline (implant loading). (b) Case 1: Bone level of implant
13 at 1 year of loading. (c) Case 1: Bone level of implant 23 at baseline (implant loading). (d) Case 1: Bone level of
implant 23 at 1 year of loading.

Table 5. Bone loss (mm) at 12 months for implants supporting overdentures with and without
palatal coverage (mean, standard deviation, median, range)

Bone loss at 12 months n Mean (mm) SD(mm) Median (mm) Range (mm)

Overdentures with palatal coverage 4 0.1 0.6 0.3 #0.7 to 0.7
Overdentures without palatal coverage 15 0.9 1.2 0.5 #0.1 to 4.2
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diameter implants supporting maxillary over-
dentures (Payne et al. 2004). In contrast to
the present study, all implants were placed
in combination with ridge expansion and
ridge splitting, a technique not well approved
with regard to implant survival rates. On the
other hand, only minor GBR was applied in
the 4 of 38 study implants for coverage of
dehiscence or fenestration defects. The GBR
technique is well documented in implant
dentistry. A systematic review reports high
survival rates of 95.7% (range 84.7% to
100%) at 1–10 years for implants placed with
GBR to treat peri-implant dehiscence and
fenestration defects in the maxilla (Chiapasco
& Zaniboni 2009). Thus, it is unlikely that
the applied minor GBR had an influence on

the survival rate in the present study. It does
not surprise hence that the failed implant
was not in conjunction with GBR.

The favorable implant survival rates in the
present study should be interpreted with cau-
tion though due to the short observation per-
iod. The implants are to be monitored over a
longer period before this treatment option can
be recommended on a large scale. Besides, less
than 4 maxillary implants as overdenture sup-
port showed a 3 times increased estimated
risk for implant loss compared with 4 maxil-
lary implants (2.3 vs. 7.2, P < 0.0001) accord-
ing to a recent systematic review (Kern et al.
2016).On the other hand, it is well known
that most implant failures are early failures
and occur during initial implant healing,
whereas less than 50% of the failures usually
correspond to late failures, which happen
when the established osseointegration cannot
be sustained (Schley & Wolfart 2011).

Peri-implant bone loss
The majority of implants (62%) in the present
study showed a maximum bone loss of 2 mm,
which is within the range of previously
reported implant success criteria (Albrektsson
et al. 1986). Three implants in 2 patients (8%
of the implants) lost more than 2 mm of bone.
Several reasons might have contributed to
this finding. These implants were placed flap-
less without GBR. Still, 1 of these 2 patients
had poor initial bone conditions. Bone quality
and quantity are often compromised in the
maxilla (Chan et al. 1998). Both patients had
overdentures with reduced palatal coverage,
which might have subjected the implants to
biomechanical stress (Rodriguez et al. 2000).
The other patient had good initial bone condi-
tions but was smoking 1-package cigarettes
per day. Smoking is well known to have a

harmful effect and cause more peri-implant
bone loss in the maxilla (Vervaeke et al. 2013;
Clementini et al. 2014). A current systematic
review found smoking to increase the annual
rate of bone loss by 0.16 mm/year (Clemen-
tini et al. 2014). Furthermore, this patient
showed abnormal tooth wear at 7 months
indicating parafunctions.

The same implant type and material was
used for rehabilitation of the atrophic maxilla
in a retrospective study (Cordaro et al. 2013).
Ten patients received 4 implants and locator
abutments as overdenture support. There was
less mean bone loss (0.55 " 0.5 mm) at a
mean observation period of 13.5 months than
reported in the present study. Retrospective
studies tend to be less critical than prospec-
tive ones and often show more favorable out-
comes. In addition, the attachment system
might have contributed to minor bone loss.
An advantage of locator abutments as against
to ball anchors with predefined height is the
wide range of available locator heights. This
enables an optimal choice of the retentive
anchor according to the individual mucosa
thickness. Therefore, the peri-implant soft
tissue support is facilitated and mucosal
problems can be prevented. Thirty percent of
the implants showed mucosa overgrowth in
the present study, inducing a peri-implant
mucositis. This might explain the bone loss.
The use of locators might have been more
advantageous, but due to no available evi-
dence on locators in the edentulous maxilla
by the time of study beginning, it was chosen
to use the well-proven ball anchors.

Interestingly, some bone loss is evident on
the baseline X-rays, that is, from implant
insertion to implant loading. A similar obser-
vation with a mean bone loss of 1.35 "
01 mm was found between implant surgery
and 12 weeks in a prospective study on 3
maxillary implants supporting overdentures
(Ma et al. 2015). In the edentulous, upper
jaw positioning of the X-ray is difficult to
achieve in a reproducible angle due to the
palatal anatomy. To be able to compare bone
levels in a standardized way, individual
stents were fabricated on the casts after
implant impression. Thus, baseline radio-
graphs were taken at prosthesis insertion in
the present study, that is, implant loading,
which is in agreement with the consensus of
the Sixth European Workshop on Periodon-
tology (2008) (Heitz-Mayfield 2008). Consid-
ering the questionable benefit of baseline X-
rays at the day of implant insertion, it never-
theless would have been interesting to see
how much bone was lost during the healing
period.

Fig. 4. Two clinical cases illustrating the considerable variations of bone loss from baseline (implant loading) to the
1-year follow-up). (a) Case 2: Bone level of implant 13 at baseline (implant loading). (b) Case 2: Bone level of implant
13 at 1 year of loading. (c) Case 2: Bone level of implant 23 at baseline (implant loading). (d) Case 2: Bone level of
implant 23 at 1 year of loading.

(a)

(b)

Fig. 5. (a) One-year follow-up of 2 maxillary ball
anchors surrounded by healthy mucosa. (b) Mucosa
overgrowth around ball anchors at the 1-year follow-up.
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The healing pattern of most implants
(88%) was transmucosal. Several studies
found no significant difference in bone loss
when transmucosal implant healing was
compared to submerged implant healing
(Ericsson et al. 1997; Astrand et al. 2002;
Cecchinato et al. 2004; Hammerle et al.
2012). Those studies base on partially edentu-
lous patients. Transmucosal healing in the
edentulous jaw might in turn expose
implants to risks such as premature loading
through the denture and mucosa overgrowth.

Taking into account the growing elderly
population, there is a need of clinical trials to
validate the use of freestanding implants sup-
porting maxillary overdentures (Gallucci et al.
2009). Therefore, priority should be given to
straightforward, efficient, and minimal-inva-
sive treatment procedures that come along
with less surgical risks for the patients (Chia-
pasco et al. 2009). This might be achieved by
the placement of less than 4 implants in the
maxilla as overdentures support. To substanti-
ate the treatment concept of only 2 maxillary

implants, the present results have to be moni-
tored over a longer period of time and corrob-
orated by more clinical data.

Conclusions

The high short-term implant survival rates
suggest that maxillary overdentures sup-
ported by 2 implants might be a minimal-
invasive treatment alternative worth to be
considered in specific patients encountering
problems with conventional maxillary den-
tures. The increased bone loss has to be con-
sidered though and might have a negative
effect on the clinical long-term outcome of
this treatment option. Thus, monitoring over
a longer period than 1 year and more clinical
studies are needed to prove this treatment
option to be successful.
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Abstract 

 
Objective: This cohort study evaluated patient satisfaction for maxillary implant-

retained overdentures (IODs) on 2 implants until 4 years and assessed the treatment 

effect over time. 

Material and Methods: Twenty-one patients encountering problems with their 

conventional dentures received maxillary IODs on 2 titanium-zirconium implants and 

ball anchors in the canine area. Patient satisfaction was assessed using the oral 

health impact profile (OHIP-20E) questionnaires both for dentures and IODs. Two 

months following insertion of IODs (baseline) the patients chose the preferred 

overdenture design with full or reduced palatal coverage. OHIP-20E questionnaires 

were followed according to the individual choice at 1 and 4 years and outcomes were 

compared to baseline.  

Results: Sixteen patients were evaluated at a mean follow-up of 4 years (range 2.4 – 

4.8 years). There was no significant difference in the OHIP domains for IODs at 1 

year (OHIP_total_1y 9.5, SD 13.0) and 4 years (OHIP_total_4y 14,2, SD 19.1) compared 

to baseline (OHIP_total_BL 12.4, SD 14.7). Patients were most satisfied with social 

disability both for IODs (OHIP_BL: 6.0, SD 7.6 mm; OHIP_1y: 3.4, SD 5.4; OHIP_4y: 

5.7, SD 9.5) and dentures (OHIP_CD_old: 28, SD 29.7 mm; OHIP_CD_new 25.4, SD 

28.67 mm). Patients were least satisfied with functional limitation both for IODs 

(OHIP_BL: 6.0, SD 7.6 mm; OHIP_1y: 3.4, SD 5.4; OHIP_4y: 5.7, SD 9.5) and dentures 

(OHIP_CD_old: 28, SD 29.7 mm; OHIP_CD_new 25.4, SD 28.67 mm). 

Conclusions: Patient satisfaction with maxillary IODs on 2 implants did not change 

from baseline to 4 years and was high at 4 years of function.
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Introduction 

 
 
To evaluate whether or not an implant-retained overdenture (IOD) is a successful 

treatment, the clinicians usually assess the survival rates of implants and IODs, the 

peri-implant bone loss and biological, technical and esthetic outcomes. However, for 

a comprehensive appraisal of the treatment, the patient’s satisfaction is of major 

importance besides the clinician’s evaluation.1,2 The assessment of patient-reported 

outcome measures (PROMs) by means of questionnaires has gained high 

importance in clinical investigations and should be considered, since patients and 

dentists often rate the same parameters differently.3,4 In a study comparing the 

assessment of esthetics and phonetics using visual analogue scales (VAS) from 

patients and clinicians for maxillary IODs, the evaluation was better from the 

clinicians` perspective.5 Hence, the patients were more critical and the results 

indicate that the clinician`s objective assessment does not necessarily represent the 

patient`s subjective satisfaction. It is a premise though that the patient is satisfied 

primarily in order to obtain treatment success with an overdenture.6  

 

For the patient to be satisfied with an overdenture, several parameters are of 

relevance. These include retention, stability, phonetics, mastication and esthetics. 

But also the expectations of a patient to a treatment are of major concern. 

Furthermore, the patient`s perception of the prosthetic outcome may be influenced by 

the initial intraoral conditions and health situation. 

 
The oral health is part of the patient satisfaction and influences the quality of life 

(QoL). The oral health-related quality of life (OHRQoL) is a more comprehensive 

evaluation than patient satisfaction alone.7 Thereby, different aspects of life being 

affected by oral health, such as ability to function, psychological status, social factors, 

pain and discomfort are determined.8 Furthermore, the changes of oral health 

induced by a dental treatment can be measured. The oral health impact profile 

(OHIP) is an acknowledged questionnaire for the assessment of the OHRQoL and 

the impact of the prosthetic treatment on the quality of life.9 The 20-item form OHIP-

EDENT is specifically designed for edentulous patients to assess their satisfaction on 

the prosthetics.3,10  
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OHIP parameters comprising chewing ability and function significantly improved with 

maxillary IODs compared to conventional dentures.11,12 These results were based on 

evaluations at 2 months. It was previously stated that patients develop confidence 

with removable appliances within 2-4 weeks.13 A time period of 2 months was 

therefore defined as an adequate adaption period for assessment of patient 

satisfaction with new dentures.14 

Interestingly, patient`s responses may change with time as result of a changed 

perception of the same parameters. This phenomenon referred to as a response shift 

shows how OHIP domains that might have been of significance to the patient`s QoL 

before a treatment, may not be as significant to the patient at a later date.15 This shift 

may be due to an adaptation to different circumstances, such as an altered health 

condition.15 It can also be caused by external factors, like the adaptation to a 

treatment being known as a significant treatment effect.  

The fact that patients might reply in a different way to PROMs over time is especially 

of significance in within-subject repeated measures trials, where the effectiveness of 

a new treatment is tested within the same patient group. 

 

A previous study reported improved VAS ratings from patients for phonetics and 

comfort at 2 and 6 years compared to the baseline scores with insertion of maxillary 

IODs supported by 2-6 implants and a bar.5,16 The authors speculated the improved 

satisfaction to go along with an additional adaptation to the new situation. There was 

no information on patient satisfaction before the implant treatment, which reflects a 

cross-sectional investigation, not a comparison before and after the treatment.17 

To incorporate the above-mentioned treatment effect, the impact of the treatment 

should be accounted for when assessing patient satisfaction on different treatment 

options.15 For this reason, patient satisfaction should be determined on the original 

situation i.e. prior to commencement of treatment, too.  

The goal of a successful treatment is that the patient stays satisfied over time. Most 

studies present the outcomes at a certain time. To determine whether the treatment 

effect of IODs is stable, PROMs should be monitored over time.  

The aim of the present prospective within-subject trial was to evaluate the PROMs 

using OHIP parameters at 4 years of insertion of maxillary overdentures retained by 

2 implants and to compare the changes of the scores over time, i.e. to the previously 

published ones at insertion (baseline) and 1 year.18 
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It was hypothesized that patient satisfaction with maxillary overdentures on 2 

implants would be stable over time.  
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Material and Methods 
 
 
The present study was designed as a within-subject prospective cohort investigation. 

The local ethical committee (Medisch Ethische Toetsingscommissie van Vrije 

Universiteit Medisch Centrum Amsterdam) approved the study protocol and informed 

written consent was obtained from all patients. 

 
Patients 
 
Twenty-one patients (6 women, 15 men) being dissatisfied with their conventional 

maxillary dentures were included in the present study. The treatment was executed 

at the Academic Center for Dentistry Amsterdam (ACTA), The Netherlands by one 

experienced clinician. The study procedure and inclusion criteria were previously 

published in detail.12 Exclusion criteria were patients having more than 4 mandibular 

abutments (teeth or implants), patients with immediate maxillary dentures, bruxism, 

systemic disorders in general and in area of planned implant placement and lack of 

compliance.  

 
Treatment procedure 
 
The original dentures were evaluated for function and esthetics. Adjustments in terms 

or rebasings and/or relinings of the existing dentures were made in 9 patients. In 12 

patients, adjustments would not have been sufficient and new conventional dentures 

were fabricated. In this way all patients were provided with sufficient dentures 

according to proven standards.19 The adjusted or new dentures served as reference 

for the virtual implant planning and the surgery. Two reduced-diameter implants 

(Roxolid®, 3.3 mm diameter, Institut Straumann AG, Basel, Switzerland) were 

inserted in the canine area of the maxilla (corresponding to the canine position of the 

upper denture) using guided surgery (coDiagnostiX, Dental Wings GmbH, Freiburg, 

Germany). Following the healing period of 2-4 months, implant impressions were 

performed using the perforated maxillary denture as impression tray. In this way the 

intermaxillary relation was simultaneously registered.20 The dental technician 

modified the maxillary dentures to IODs with incorporated metal frame and full palatal 

coverage. Two titanium matrices were indirectly fixed to the overdenture base. The 

retentive anchors (Retentive anchor abutment, Institut Straumann AG, Basel, 

Switzerland) were fitted to the implants with a defined torque. A balanced, lingualized 
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occlusion without anterior contacts in habitual occlusion was achieved. The patients 

were instructed on proper overdenture handling and oral hygiene measures. During 

the time of converting the upper denture to the IOD, patients were wearing a 

provisional upper denture, which was previously fabricated as a duplicate of the 

existing one. 

The IODs were worn for 2 months. Thereafter, the dental technician reduced the 

palatal coverage until the metal frame in all patients and the altered maxillary IODs 

were worn for another 2 months. The influence of the palatal coverage on patient 

satisfaction was assessed in another study.21 Subsequently, each patient selected 

the overdenture design of preference. Seventeen patients chose to continue wearing 

the IOD with reduced palatal coverage, 4 patients preferred an IOD with full palatal 

coverage. The IODs were sent for modification to the in-house dental lab at the day 

of the clinical visit. Further follow-ups were performed at 1 year and 4 years of IOD 

insertion. 

Patient-reported outcomes 
 
Patient-reported outcomes were achieved for existing (old) dentures prior to any 

adjustment and for new conventional dentures to assess the pre-treatment 

satisfaction (previously published12). In addition, PROMs were assessed for IODs to 

assess the satisfaction following implant treatment and the changes were statistically 

analyzed over time. For that purpose, patients responded to OHIP-20E 

questionnaires in Dutch language at time of study inclusion and 2 months following 

insertion of new dentures. The same OHIP questionnaires were used 2 months 

following insertion of maxillary IODs with palatal coverage and 2 months following 

insertion of IODs with reduced palatal coverage. Thereafter, the patients chose the 

preferred overdenture design and OHIP-20E questionnaires were answered by the 

patients for IODs either with full or reduced palatal coverage according to the 

individual choice at 1 year and at 4 years. 

The questionnaires used visual analogue scales (VAS) with a horizontal line of 100 

mm. On the left end the anchor word “never” represented 100% satisfaction and on 

the right end the anchor word “always” represented 0% satisfaction. Consequently, 

higher mm values represented a reduced patient satisfaction. Each patient 

expressed per question the individual appraisal of satisfaction by placing a vertical 

stripe on the horizontal line. The stripe was then measured in mm. The 20 questions 
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accounted for the 7 OHIP domains: functional limitation, physical pain, psychological 

discomfort, physical disability, psychological disability, social disability and handicap.  

The results of the OHIP questionnaires for IODs were statistically evaluated for the 3 

timepoints 2 months, 1 year and 4 years. 

 

 
Statistical analysis 
 

The Pairwise Wilcoxon signed rank test was applied for the comparison of OHIP 

scores at the different timepoints baseline (i.e. 2 months following insertion), 1 year 

and 4 years following insertion of maxillary IODs. The patients were grouped at 

baseline according to the preferred overdenture design (IODs with full or reduced 

palatal coverage) for the statistical evaluation and proper comparison of patient 

satisfaction on the 2 different IOD designs over time.  

At the 4-year follow-up the OHIP scores were compared by means of the Wilcoxon 

rank sum test for overdentures with full and reduced palatal coverage. The statistical 

significance was set at p ! 0.05.  

The Wilcoxon signed-rank and rank sum tests were calculated with the software R 

(https://www.R-project.org/).22 

Mean OHIP scores were illustrated descriptively per domain for each patient 

according to the treatment (conventional old dentures, conventional new dentures, 

IODs at baseline, 1 and 4 years). 
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Results 
 
 
Sixteen patients (6 women, 10 men) were evaluated at a mean follow-up of 4 years 

(range 2.4 – 4.8 years). Two patients were followed-up at 2.4 and 2.5 years, all 

remaining patients were controlled at more than 4 years following insertion of IODs.  

The mean age of the patients at study inclusion was 63 years (range 52-81 years). 

There were 5 drop outs of the patients in total (1 patient was abroad and not able to 

attend the follow-up visit; 1 patient chose to withdraw from the study; 1 patient 

received new overdentures within another study by his dentist, thus only the implants 

were followed-up, not the overdenture anymore; 2 patients had implant failures).  

Twelve patients (5 women, 7 men) chose for an IOD with reduced palatal coverage 

(Figures 1-3), whereas 4 patients (1 women, 3 men) chose for a closed palatal 

coverage. The mean OHIP scores with standard deviation for maxillary IODs at 

baseline, 1 year and 4 years are shown in Table 1.  

There were no statistically significant different OHIP values for any domain at 

baseline compared to 1 year and 4 years. From baseline to 1 year there was a trend 

for an increase in patient satisfaction for functional limitation, physical disability, 

psychological disability, social disability and handicap (evident as decreasing values). 

From 1 year to 4 years there was a slight decrease in patient satisfaction for all 7 

OHIP domains (apparent by increasing values).  

Still, patient satisfaction was higher at 4 years (lower OHIP scores) compared to 

baseline for physical disability, psychological disability, social disability and handicap. 

The lowest values, i.e. the greatest patient satisfaction, were found for social 

disability at all follow-ups (OHIP at baseline: 6.0, SD 7.6 mm; at 1 year: 3.4, SD 5.4; 

at 4 years: 5.7, SD 9.5) 

The highest values, i.e. the lowest patient satisfaction, were evident for functional 

limitation at all follow-ups (OHIP at baseline: 20.6, SD 18.9 mm; at 1 year: 17.6, SD 

18.4; at 4 years: 24.7, SD 23.8).  

The comparison of IODs with full and reduced palatal coverage at 4 years revealed 

no significant differences for all OHIP domains (Table 2). There was a trend for a 

greater patient satisfaction with full palatal coverage for psychological discomfort, 

physical disability, psychological disability, social disability and handicap (smaller 

values). In contrast, patients with a reduced palatal coverage were more satisfied 

with regard to functional limitation and physical pain. 
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Figures 4-10 illustrate the progress of patient satisfaction for each OHIP domain 

subdivided into different prosthesis types (old conventional dentures, new 

conventional dentures, IODs in the course of time) per patient. The mean OHIP 

scores with standard deviation for old and new conventional dentures as previously 

published12.  
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Discussion 
 
Even though there were no significant differences in patient satisfaction on maxillary 

IODs at 1 and 4 years compared to baseline, there was an improved OHRQoL with 

regard to physical, psychological and social disability and handicap at 1 and 4 years.  

Consequently, the treatment effect of maxillary IODs was stable until 4 years and the 

hypothesis could be confirmed. 

From 1 year to 4 years the patient satisfaction slightly decreased for all OHIP 

subgroups. Social disability was rated best at all follow-up visits, whereas functional 

limitation showed the poorest patient satisfaction at all visits.  

Patient satisfaction improved with maxillary IODs in contrast with conventional 

dentures, indicating a positive treatment effect of implants on the patient satisfaction. 

 

Patient satisfaction overall 

In the present study the patients did not have a special preference to the treatment, 

which might have had a positive impact on the highly rated patient satisfaction in 

general. Compared to conventional dentures, the patients perceived IODs as a 

significant benefit for all OHIP domains.12  

Significantly improved OHIP domains were also reported for maxillary IODs on 3 

implants in a similar study compared to conventional dentures.23 

The attitude and expectation of patients towards a treatment influences their 

perception of satisfaction. A previous study found more speech problems in 

edentulous patients that were planned for a maxillary fixed reconstruction on implants 

but received an IOD, compared to those that were planned for and received an 

IOD.24 Patients wishing for a fixed reconstruction tend to be less satisfied with 

removable appliances on implants than those with no preference.5 It is known that 

the magnitude of improvement in OHRQoL is influenced by whether the patient 

receives the treatment of choice or not.25 Patients preferring maxillary IODs showed 

the highest satisfaction compared to those who received new conventional dentures 

instead.25  

 

Potential influencing factors 

In addition, the period of edentulism is of relevance. Patients who have been 

edentulous for a longer period tend to be more satisfied with an IOD in contrast to 
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patients being edentulous since a short time.26 Since the present patients were 

edentulous for several years, the high patient satisfaction is explicable. 

The results of the present study and others indicate that the number of implants does 

not appear to affect patient satisfaction, when the patients were wearing conventional 

dentures before.23,27 Furthermore, patient satisfaction on maxillary IODs seems not to 

be impaired by the attachment system either.26 

 

On the other hand, patient satisfaction with implant prostheses might be impaired 

with the occurrence of prosthetic complications. In the present study, there were 

several complications until 1 year.18 This finding confirms the common observation 

that complications occur most often in the first year.28 

 

A higher incidence of mechanical problems for maxillary IODs without palatal 

coverage was described.28,29 In the present study allocation to the overdenture 

design (with full or reduced palatal coverage) was not randomized and the numbers 

of patients were not equally distributed. The comparison of OHIP parameters 

between the two overdenture designs therefore gives only a trend and should be 

interpreted with caution.  

 

In the present study, only patients with a maximum of 4 mandibular abutments were 

included to prevent a harming effect of antagonistic teeth on the 2 implants in the 

maxilla (and consequently on IODs). A review article concluded that antagonistic 

teeth might negatively affect implant survival for maxillary IODs.30 A recent study did 

not find a detrimental effect of antagonistic teeth when 6 maxillary implants were 

connected with a bar, even until 5 years.31 

 

The degree of satisfaction should be evaluated critically, because the patients might 

have systematically overestimated it. This would create a ceiling effect, which was 

discussed as a disadvantage of PROMs.32 An initial enthusiasm of the patients when 

assessing the IODs cannot be precluded. The present 4-year follow-up might have 

reduced the bias in assessing patient satisfaction. On the other hand, a longer follow-

up would be preferable to attain more reliable results. It is assumable, that the 

occurrence of pathologies or complications would have a detrimental effect on the 

patient`s satisfaction on IODs. 
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Patient satisfaction from baseline to 1 year and 4 years 

In agreement with the present results, there were no significant differences in OHIP-

20 scores for maxillary IODs on 3 implants at 1 and 2 years compared to baseline.23 

Thus, patient satisfaction seems to change insignificantly over a short time. 

The amount of patients preferring a reduced palatal coverage (77%) at 2 years was 

similar to the present results (75%) at 4 years.  

A systematic review on patient satisfaction with IODs supports improvements seen 

after 1 year to be stable for the first 5 years, despite a slight decrease.33 

Unfortunately only 3 studies on maxillary IODs were included, whereby these 

outcomes can mainly be applied for mandibular IODs. A slight decrease of OHIP 

parameters from 1 year to 4 years was also evident in the present study. This might 

be due to the adaptation of the patient to the treatment. Besides, wear occurs with 

time, which might necessitate adjustments and reduce retention and stability of IODs.   

 

The fact that physical, psychological and social disability and handicap improved at 1 

year and 4 years compared to baseline points to an enhanced well-being with 

maxillary IODs on 2 implants. This might be the result of adaptation, a safer feeling 

with regard to overdenture retention and gain in confidence. 

 

Social disability  

The OHRQoL monitores the outcomes of clinical interventions and thereby enables 

the evaluation of the patient`s responsiveness to change.25 

An adequate adaption period should be taken into account when assessing PROMs, 

which was accounted for in the present study.17 Accordingly, the patients were likely 

to be familiar with their maxillary IODs and less limited in social abilities, represented 

in the highly rated scores for social disability. 

 

Functional limitation 

The finding that functional limitation was rated worst at all follow-up visits, shows that 

some difficulty of chewing was apparent with maxillary IODs on 2 implants. Even 

though, function did not worsen until 4 years and the scores at 4 years (24.7, SD 

23.8) indicate a rather high patient satisfaction of 75%. This might derive from the 
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fact that patients develop confidence with oral rehabilitation after 2-4 weeks, 

especially with removable appliances.13 

The comparison with full (27.3, SD 31.9) and reduced (23.9, SD 22.1) palatal 

coverage revealed no significant difference for functional limitation at 4 years. 

Surprisingly, the patients rated function slightly less satisfactory with a full palatal 

coverage of the IOD. One might assume a better retention and stability of the 

overdenture when the palate is fully covered. On the contrary, it was found that 

stability and choice of food were not altered by reduction of the palatal coverage in 

IODs on 4 implants.11 

 

While evidence supports the use of implants in the mandible to improve the oral 

health status, the standard of care can still not be defined for the edentulous 

maxilla.34 According to the results of a systematic review, the use of 2 implants in the 

maxilla does not compromise patient satisfaction.35 Considering the continuous 

population growth the amount of elderly patients will likely increase in future and so 

probably the need for IODs with a minimal number of implants.36 37  
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Conclusions 
 
Maxillary implant-retained overdentures on 2 implants showed a stable treatment 

effect over a 4-year period and a high OHRQoL using OHIP-20 could be maintained.  
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Figure 1 

Occlusal view of two maxillary implants retaining an overdenture at 4 years. Mucosa 

impressions are visible from the overdenture with reduced palatal coverage. 

 

 
 
Figure 2 

Occlusal view of a maxillary overdenture with reduced palatal coverage at 4 years.  
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Figure 3 

Basal view of a maxillary overdenture with reduced palatal coverage at 4 years.  

 

 
  

69



Figures 4-10:  

Development of patient satisfaction for each OHIP domain per patient and different 

prosthesis type (CD 1 = old conventional denture, CD 2 = new conventional denture, 

IOD 3 = implant-retained overdenture 2 months post insertion, IOD 4 = implant-

retained overdenture 1 year post insertion, IOD 5 = implant-retained overdenture 4 

years post insertion). 

 
 

 
 

70



 
 
 
 

 
 
 
 

71



 
 

 

 
 

72



 
 

 

 

 

73























































































































































!

148 

'C""CS#FE,*!"#$%&'(")(<'/%/0&'(*.$/";"%,"'"@2(#$G*Y;Q#YMM,*
b(00@4)*!,)*[&9%C@T&4)*$,*-,)*-@(a@4)*3,*V,*7*b(00(8/)*!,*:;<<=>*c6E"&8B#4@B&(8@D*6&_(""&45*
CA@4D@8BF4@0*C8*6(""@D*T&4*0FE4&0B4F.BF4@0G*!*H<#5@&4*'C""CS#FE*C'*0F49(.&"*&8D*E4C0B%@B(.*
.&4@* &8D* &'B@4.&4@,* :%,.$%&,/"%&'( !"#$%&'( ")( *$"+,-";"%,/0+( ##G* HQH#H=;,* R&"BC8)* V,* W,* 7*
-&.X8B@@)*-,* c,* :H==J>*!*E4C0E@.B(A@*0BFD5*C8*B%@*6&(8B@8&8.@*C'* (6E"&8B*E4C0B%@0@0* (8*
E4(A&B@*E4&.B(.@,*:%,.$%&,/"%&'(!"#$%&'(")(*$"+,-";"%,/0+(!"G*IZM#*
IZQ,*
R&"BC8)* V,*W,*7*-&.X8B@@)*-,* c,* :;<<Z>*P%CC0(89*C4*4@'F0(89*C4&"* (6E"&8B0G*!*E4C0E@.B(A@*
0BFD5*C'*@D@8BF"CF0*AC"F8B@@40*'C4*&*."(8(.&"*B4(&",*:%,.$%&,/"%&'(!"#$%&'(")(*$"+,-";"%,/0+*
!$G*IQM#IQQ,*
R&B0C8)* P,* V,)* ?(80"@5)* O,* 7* +%&46&)* +,* :;<<H>* c6E"&8B* .C6E"(.&B(C80* &8D* '&("F4@0G* ?%@*
.C6E"@B@*CA@4D@8BF4@,*1.%,&'(I=;&,.(#$G*;MI#;MQ)*;I<,*
R@89)* O,* 7* [(.%B@4)* X,* V,* :;<<J>* -&_(""&45* 4@6CA&T"@* E4C0B%@0@0* 4@B&(8@D* T5* B@"@0.CE(.*
.4CS80*C8*BSC*(6E"&8B0*C4*BSC*.&8(8@0,*:%,.$%&,/"%&'(!"#$%&'(")(*.$/";"%,/0+(&%;(9.+,"$&,/F.(
1.%,/+,$2(#(G*MZ#IH,*
R(/"F8D)*c,*:;<<I>*!00@006@8B*C'*E&B(@8B#4@EC4B@D*CFB.C6@0*(8*."(8(.&"*B4(&"0G*?%@*@_&6E"@*
C'*%@&"B%#4@"&B@D*NF&"(B5*C'*"('@,*J#%;&7.%,&'(&%;(<'/%/0&'(*-&$7&0"'"@2(!$G*
MZH#MYM,*
R(06@(a@4)* O,)* b&8* R&&0)* -,* !,)* b@46@@4@8)* V,* c,)* -F"D@4)* V,* 7* 1&"/)* R,* :H==J>* K&B(@8B*
0&B(0'&.B(C8* S(B%* (6E"&8B#0FEEC4B@D* 6&8D(TF"&4* CA@4D@8BF4@0,* !* .C6E&4(0C8* C'* B%4@@*
B4@&B6@8B*0B4&B@9(@0*S(B%*(B(#D@8B&"*(6E"&8B0,*:%,.$%&,/"%&'(!"#$%&'(")(6$&'(&%;(>&?/''")&0/&'(
C#$@.$2(#*G*;YM#;YJ,*
g@6T(.)*!,*7*R(06@(a@4)*O,*:;<HI>*K&B(@8B#4@EC4B@D*CFB.C6@0*C'*6&_(""&45*(6E"&8B#*
0FEEC4B@D*CA@4D@8BF4@0*.C6E&4@D*S(B%*.C8A@8B(C8&"*D@8BF4@0,*<'/%/0&'(6$&'(:7='&%,+*
9.+.&$0-(#%G*IIH#IZ<,*
g(80"()*\,)*+&9@00@4)*?,)*-@4(.0/@)*X,*7*-@4(.0/@#+B@48)*[,*:;<<I>*P"(8(.&"*@A&"F&B(C8*C'*06&""#
D(&6@B@4*(B(* (6E"&8B0G*!*E4C0E@.B(A@*0BFD5,*:%,.$%&,/"%&'( !"#$%&'(")(6$&'(&%;(>&?/''")&0/&'(
:7='&%,+(!)G*=;#==,*
g(BU6&88)*W,*],)*3&96&88)*X,*7*R@(9@4)*[,*:;<<J>*R%&B*(0*B%@*E4@A&"@8.@*C'*A&4(CF0*B5E@0*C'*
E4C0B%@B(.*D@8B&"*4@0BC4&B(C80*(8*@F4CE@f*<'/%/0&'(6$&'(:7='&%,+(9.+.&$0-(!$*
,-../+&G*;<#MM,*
g(BU6&88)*W,*],*7*-&4(8@""C)*P,*K,*:;<<<>*?4@&B6@8B*CFB.C6@0*C'*'(_@D*C4*4@6CA&T"@*(6E"&8B#
0FEEC4B@D*E4C0B%@0@0* (8* B%@* @D@8BF"CF0*6&_(""&,* K&4B* (G* K&B(@8B0e* &00@006@8B0,* !"#$%&'( ")(
*$"+,-.,/0(1.%,/+,$2($&G*I;I#IMM,*
g(BU6&88)*W,*],)*+B&@%@"(8)*1,)*R&""0)*!,*R,)*-@89%(8()*$,)*R@(9@4)*[,*7*g@6E*+BFBU)*X,*:;<<Q>*
P%&89@0*(8*C4&"*%@&"B%*CA@4*&*H<#54*E@4(CD*(8*0S(BU@4"&8D,*E#$"=.&%(!"#$%&'(")(6$&'(C0/.%0.+(
!!*G*Z;#Z=,*

!
!

!
!
!
!
!
!
!
!
!
!



 

149 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                         Se insisti e resisti raggiungi e conquisti 

  

                         C. A. S. Trilussa 
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