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Abstract

Objective: To compare clinical and patient-reported outcomes when providing maxil-
lary overdentures on four and six splinted implants placed in the posterior region dur-
ing a 10-year follow-up period.

Materials and Methods: Sixty-six edentulous participants with functional maxillary
denture complaints and insufficient bone volume to allow implant placement were
scheduled for a bone augmentation procedure. After healing, participants were rand-
omized to receive either four or six implants in the posterior maxilla. After 3 months of
osseointegration, a bar overdenture was constructed. Implant survival, overdenture
survival, clinical scores, peri-implant bone height changes, and patient satisfaction
were assessed.

Results: Forty-six participants completed the 10-year follow-up. Implant survival was
100% in the 4-implant group and 96.7% in the 6-implant group. Seven new overden-
tures were made in the 4-implant group and 12 new overdentures were made in the
6-implant group due to excessive wear of the denture base and teeth. Clinical pa-
rameters did not differ significantly between groups. Mean marginal bone loss com-
pared to baseline was 0.41+0.37mm in the 4-implant group and 0.70+1.07 mm in
the 6-implant group. Overall, patient satisfaction improved significantly, but did not
differ between groups.

Conclusion: From this 10-year follow-up trial, it was concluded that bar maxillary
overdentures on four or six implants in the posterior region of an augmented maxilla
resulted in a comparable treatment outcome with high implant survival, limited loss of
peri-implant marginal bone, and high patients' satisfaction. (Clinical trial registration
number: NTR9729).
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1 | INTRODUCTION

The removable overdenture is not restricted to patients with a
compromised situation in which fixed-implant prostheses are not
feasible. The removable overdenture is considered an equally
good alternative treatment option to the fixed denture design
(Zitzmann & Marinello, 1999). Clinical outcomes were similar if a
screw-retained fixed bridge was compared with a removable bar
overdenture (Zitzmann & Marinello, 2000). For patients with per-
sistent maxillary denture complaints, implant support diminishes
these problems. Results from systematic reviews and clinical stud-
ies on maxillary implant-supported overdenture treatment are
consistent and favorable on various outcome parameters, such as
improved oral function and Oral Health-Related Quality of Life as
well as patient satisfaction in general (Boven et al., 2015; Fonteyne
etal., 2021; Fromentin et al., 2010; Van Assche et al., 2012). Implant
survival rate is generally high (Di Francesco et al., 2021; Raghoebar
et al., 2014; Roccuzzo et al., 2012; Sadowsky & Zitzmann, 2016;
Slot et al., 2010). However, the present knowledge on maxillary
overdenture therapy is hampered by the fact that studies gener-
ally do not encompass a long evaluation period. In addition, rele-
vant practical information related to the ideal position and implant
number and the attachment type is often unclear (Di Francesco
et al.,, 2021; Roccuzzo et al., 2012; Sadowsky & Zitzmann, 2016;
Slot et al., 2010). In a recent systematic review, no fewer than four
implants were recommended (Di Francesco et al., 2019; Messias
et al.,, 2021). Studies evaluating maxillary overdenture treatment
with dentures supported by either four or six splinted implants
demonstrate similar results for both biological and functional out-
comes after a short period of time (Ferrigno et al., 2002; Sanna
et al., 2009). If sufficient bone is present in the anterior region and
sufficient space is available in the overdenture to cover an attach-
ment system, placing implants in the anterior region is advanta-
geous. In this situation, extensive bone augmentation procedures
(maxillary sinus floor elevation surgery with bone from the iliac
crest) can be avoided, resulting in less morbidity and less treatment
time (Kalk et al., 1996; Slot et al., 2014). However, patients with
poor retention and stability of their conventional maxillary denture
often have limited bone volume to place implants. Therefore, these
implants often have to be positioned in the posterior part of the
maxilla, preceded by or in conjunction with a bone augmentation
procedure.

High-quality data from randomized clinical trials are needed to
decide whether or not the fewer number of implants and placed in
augmented bone in the posterior region would also suffice clini-
cally and from a patients' perspective after a long-term evaluation
period.

Therefore, this research reports on the 10-year clinical and
patient-reported outcomes of a randomized controlled clinical trial
with a parallel study design on edentulous participants with per-
sistent denture complaints with maxillary four- or six-implant bar
overdentures. All implants were placed in posterior maxillae follow-

ing sinus augmentation procedures.

2 | MATERIALS AND METHODS

Surgical and prosthodontic treatment procedures and measures of
evaluation were described before and are summarized below (Slot
etal., 2014). The trial was approved by the Medical Ethics Committee
of the University Medical Center Groningen (ABR NL32503.042.11).
The 10-year follow-up trial, since it took part during regular sched-
uled routine control visits, without collection of extra data, was not
considered a clinical research with test subjects as meant in the
Medical Research Involving Human Subjects Act (WMO) (METc
communication M18.224571). The 10-year follow-up trial was
registered in a trial register (www.trialregister.nl: NTR_NL9729).

CONSORT guidelines for reporting clinical trials were followed.

2.1 | Patientselection
Participants in this randomized controlled trial were selected
from edentulous patients referred to the Department of Oral and
Maxillofacial Surgery (University Medical Center Groningen, the
Netherlands) suffering from a lack of retention and stability of their
complete maxillary and mandibular dentures based on the following
inclusion criteria: at least 18years of age, capable of understand-
ing and giving informed consent, at least 1year of edentulism in the
maxilla and mandible, and insufficient volume of bone of the max-
illa (<3mm in width, and <5mm in height) for inserting implants.
Panoramic radiographs, lateral cephalograms, and postero-anterior
oblique radiographs were made to assess the volume of the maxil-
lary alveolar bone, the dimensions of the maxillary sinus, and the
anteroposterior relationship of the maxilla to the mandible.
Excluded were patients with an American Society of
Anesthesiologists scoreIll (Smeets et al., 1998), those currently
smoking, and those with a history of radiotherapy in the head and
neck region or a history of pre-prosthetic surgery and previous im-
plant placement or sinus pathology.

2.2 | Treatment procedure

All surgical procedures were performed by one experienced oral and
maxillofacial surgeon (G.M.R.). The prosthodontic procedures were
conducted by three experienced prosthodontists, and manufactur-
ing of the superstructure was done by a single experienced dental

laboratory.

2.3 | Surgical procedures

Participants were randomly allocated to one of the treatment groups
by lot with the use of sealed envelopes. Thirty-three notes with
the words “4 implants” and 33 notes with the words “6 implants”
were put into 66 identical, sequentially numbered, non-transparent
envelopes. No stratification was performed. All envelopes were
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irreversibly sealed, only to be opened prior to the fabrication of the
surgical template.

A maxillary sinus floor augmentation with bone from the iliac
crest was performed on both sides (Raghoebar et al., 1997, 2001),
and autogenous blocks were fixed on the lateral wall with screws
to reconstruct the bone width. After a 3-month healing period,
the screws were removed and either four or six dental implants
(Straumann Standard SLA® implants with 2.8 mm polished collar;
@ 4.1 mm, length 12mm, RN; Institut Straumann AG), depending on
the randomization group, were inserted in the maxilla in a single-
step procedure. The implants were placed into the grafted sites in
predefined positions (positions 16, middle of 15/14, 13, 23, middle
of 24/25, 26 in the 6-implant group and positions 16, 13, 23, 26 in
the 4-implant group) using a template designed for semi-guided im-
plant placement. Because all patients were also edentulous in the
mandible, four implants for overdenture treatment were placed si-
multaneously in the mandible. In all cases, the design of their old
complete maxillary denture could be used for diagnostics and could
also be adjusted after surgery to serve as a provisional denture
during the healing period. For 2 weeks after surgery, the patient was
not allowed to wear the denture. Then, acrylic resin was removed
from the denture in those areas which could contact the grafted
sites or implants, whereafter the denture was relined with a resilient
liner (Soft liner; GC Corporation).

2.4 | Prosthodontic procedures

Prosthodontic procedures commenced after 3 months of undis-
turbed healing. The final attachment system consisted of a milled
titanium split bar and an overdenture with built-in cobalt chro-
mium reinforcement structure and gold retentive clips (Figure 1a,b).
Resilient egg-shape bars (width 2.19 mm) were used (ES Healthcare
NV). The overdentures were designed with full coverage of the
alveolar process, but without palatal coverage in the maxilla (Slot
et al., 2012). Acrylic resin artificial teeth (Ivoclar SR Orthotyp DCL
and Ivoclar Vivodent PE; Ivoclar Vivadent AG) were selected and ar-
ranged on the record base for a trial arrangement. A bilateral bal-
anced occlusion concept was followed. Simultaneously with the

maxillary overdenture, participants also received a four-implant

overdenture in the mandible. Participants were instructed about hy-
giene procedures associated with the dentures and the bars. They
were advised to remove the overdenture at night. Subsequently,
the participants were scheduled for routine yearly maintenance ap-
pointments with a prosthodontist, combined with a dental hygienist.

2.5 | Outcome measures

The primary outcome measure was peri-implant bone height
changes. The secondary outcome measures were implant survival,
overdenture survival, and soft tissue conditions (plaque index, pres-
ence of calculus, gingival index, sulcus bleeding index and pocket
probing depth). These parameters were scored at placement of the
overdenture and 5 and 10years after loading. All measurements
were taken by a single examiner (W.S.). Patients' satisfaction was
also scored before treatment and 5 and 10years after loading.

2.6 | Change of radiographic bone level

Standardized intraoral radiographs were taken at placement of the
overdenture, after 5years and at 10years after placement. The radio-
graphs were taken according to a long-cone paralleling technique with
an individualized X-ray holder described by Meijndert et al. (2004). The
digital images were analyzed using computer software (Biomedical
Engineering, University Medical Center Groningen, the Netherlands)
to perform linear measurements on digital radiographs. The known
implant dimension was used as a reference to transform the linear
measurements into millimeter. The reference point for linear measure-
ments was the neck of the implant. Peri-implant bone height change
was defined as the difference in bone height between the X-ray taken
at overdenture placement and after 1, 5, and 10years. Data of radio-
graphic bone level change were presented at patient level; outcomes
of the implants within the same patients were averaged. Data collec-
tion and analysis of the radiographs were done by the same observer.
The worst score per implant of the clinical and radiographic parameters
was used in the data analysis. Reproducibility of the specific analysis
method was evaluated by Telleman et al. (2013). The intraclass correla-

tion coefficient for average measures was 0.867 for the radiographic

FIGURE 1 (a) Ten-year panoramic radiograph of a patient with four implants connected with a bar in the posterior region of the maxilla.
(b) Ten-year panoramic radiograph of a patient with six implants connected with a bar in the posterior region of the maxilla.
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interobserver agreement (Cronbach's a = 0.867), which can be inter-

preted as almost perfect agreement.

2.7 | Clinical parameters

For the presence of plaque, the index according to Mombelli
et al. (1987) was used. The presence of calculus (score 1) or the
absence of calculus (score 0) was scored. To qualify the degree of
peri-implant inflammation, the modified Loe and Silness index Loe
and Silness (1963) was used. For bleeding, the bleeding index ac-
cording to Mombelli et al. (1987) was used. Probing depth was meas-
ured at four sites of each implant (mesial, labial, distal, and lingual)
by using a manual periodontal probe (Williams Colour-Coded Probe;
Hu-Friedy).

Peri-implant mucositis and peri-implantitis were calculated
at patient level. As a definition for peri-implant mucositis and
peri-implantitis, the consensus reached at the Seventh European
Workshop on Periodontology was used (Lang & Berglundh, 2011):

e peri-implant mucositis (radiographic bone loss <2mm): bleeding
on probing and/or suppuration and

e peri-implantitis: bleeding on probing and/or suppuration in com-
bination with marginal bone loss 22 mm.

2.8 | Patient satisfaction

Patient-Reported Outcome Measures were assessed using a vali-
dated questionnaire (Vervoorn et al., 1988). Items were functional
problems of the upper denture, functional problems complaints in
general, problems concerning facial aesthetics, items concerning
accidental lip, cheek, and tongue biting (“neutral space”) and items
concerning esthetics of the denture.

The severity of each complaint could be expressed on a four-
point rating scale (0 = no complaints, 1 = little, 2 = moderate, and
3 = severe complaints).

All participants were requested to fill out a “chewing ability”
questionnaire (Stellingsma et al., 2005). In this questionnaire, par-
ticipants gave their opinion about the ability to chew nine different
kinds of food on a three-point rating scale (0 = good, 1 = moder-
ate, 2 = bad). The items were grouped into three scales: soft food,
tough food, and hard food. In addition to these questionnaires, the
patients' overall denture satisfaction was expressed on a 10-point
rating scale (1 = very bad to 10 = excellent).

Patients' satisfaction was scored before treatment and 5 and
10vyears after placement of the overdenture.

2.9 | Statistical analysis

It was assumed that an implant-supported overdenture on four
implants was not inferior to one supported by six implants

(non-inferiority hypothesis). The sample size was calculated with
the program G*power version 2 (Erdfelder et al., 1996). Peri-implant
bone changes were regarded as the primary outcome for the power
analysis. A difference of at least 0.4mm in bone height (measured
on standardized radiographs, with a standard deviation of 0.5mm)
between the 4-implant group and 6-implant group after 12months
was expected to differentiate between the two groups, based on
the findings of a study on maxillary implant supported overdentures
(Raghoebar et al., 2003). A t-test given a = .05 with a power of 90%
combined with the expected effect size for two independent means
returns a sample size of 28 persons in each group. To deal with with-
drawal of individuals in the trial, the number of participants was set
at 33 persons per group.

Data were analyzed using the Statistical Package for Social sci-
ences (version 23 VA, SPSS; IBM Corporation). In all tests, a signif-
icance level of .05 was used. To test whether the result from the
frequency analyses differed significantly from a normal distribution,
qg-normal plots and the Shapiro-Wilk test were carried out. For
normally distributed data, differences between groups were tested
with an independent Student's t-test. For non-normally distributed
data, Mann-Whitney tests were used. For comparisons over time,

Wilcoxon signed-rank tests were applied.

3 | RESULTS

Between January 2006 and December 2009, consecutive patients
fulfilling the criteria were included. Eight participants died during
the follow-up period (three participants in the 4-implant group and
five participants in the 6-implant group). Three participants of the
4-implant group and six participants in the 6-implant group did not
attend the 10-year evaluation because of severe illness. One pa-
tient in the 4-implant group and one patient in the 6-implant group
moved abroad. One patient in the 6-implant group moved without
leaving an address. So, totally 46 participants completed the 10-
year evaluation (Figure 2). No implants were lost in the 4-implant
group, while four implants were lost in the 6-implant group (three
implants in one patient). The 10-year implant survival rate was 100%
in the 4-implant group and 96.7% in the 6-implant group. Ten-year'
survival rate of overdentures was 73.1% in the 4-implant group and
40.0% in the 6-implant group.

Mean loss of peri-implant bone between baseline and the 10-
year evaluation was 0.66+0.58mm in the 4-implant group and
0.73+0.90 in the 6-implant group and did not significantly differ
between the groups (p = .728) (Table 1). Frequency analysis of in-
dices for plaque, calculus, gingiva, and bleeding was very low after
10years of loading and again did not significantly differ between the
groups, nor did the mean scores for pocket probing depth (Table 2).
In the present trial, incidence at patient level of peri-implant muco-
sitis was 34.6% in the 4-implant group and 65.0% in the 6-implant
group. Incidence at patient level of peri-implantitis was 38.5% in the
4-implant group and 20.0% in the 6-implant group. Mean scores of
the questionnaires focusing on denture complaints, chewing ability,
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FIGURE 2 Flow diagram of the study [
Enrollment

Assessed for eligibility (n=66)

Excluded (n=0)

I Randomized (n=66) l

!

Allocated to intervention 4 implants (n=33)
+ Received allocated intervention (n=33)
«+ Did not receive allocated intervention (n=0)

1 Allocation JI
Allocated to intervention 6 implants (n=33)

+ Received allocated intervention (n=33)
+ Did not receive allocated intervention (n=0)

Analysed (n=29)
Lost to follow up (n=4)
e 2 patients died

e 1 patient severe illness
e 1 patient moved abroad

Follow-up 5 years | v

L Analysed (n=31)

Lost to follow-up (n=2)

e 1 patient severe illness

e 1 patient moved without leaving address

Analysed (n=26)
Lost to follow up (n=7)
e 3 patient died

e 3 patients severe illness
e 1 patient moved abroad

kl Follow-up 10 years v

nalysed (n=20)

Lost to follow-up (n=13)

e 5 patients died

e 6 patients severe illness

e 1 patient moved abroad

e 1 patient moved without leaving address

TABLE 1 Mean values and standard deviations of marginal bone loss in millimeter, frequency distribution of bone loss at 5 and 10years
after placement of the overdenture of the four- and six-implant groups, and significance level (p value) of differences (p<.05) between the

groups
Syears 10years
4-lmplant group 6-Implant group 4-lmplant group 6-Implant group
(n=29) (n=31) p Value (n = 26 implants) (n = 20 implants) p Value
Mean (SD) 0.58mm (0.51) 0.60mm (0.58) p=.871 0.66mm (0.58) 0.73mm (0.90) p=.728
0-0.5mm 45% 58% 58% 59%
>0.5-1.0mm 38% 13% 16% 15%
>1.0-1.5mm 17% 19% 11% 14%
>1.5-2.0mm 0% 7% 7% 3%
>2.0mm 0% 3% 8% 9%

and overall satisfaction score of participants are listed in Table 3,
with no significant differences between the groups, except for eat-
ing hard food (p = .024). The surgical and prosthodontic aftercare
during 10vyears of follow-up revealed a small number of events,
mostly repair of the denture base or teeth (Table 4). In 24% of the
participants, a new bar was made, and in 41% of the participants, a

new overdenture was made.

4 | DISCUSSION

This randomized clinical trial shows that both four and six dental im-
plants connected with a bar, placed in the posterior region of the

edentulous maxilla, can effectively support of an overdenture dur-
ing 10vyears of follow-up. No significant differences were found be-
tween the group with an overdenture supported by four implants
and the group with an overdenture supported by six implants.
Ten-year survival rate of the implants was high in both groups
(100% and 96.7%, respectively). These results are in line with the
cumulative 10-year implant survival rates reported by Ferrigno
et al. (2002) and Sanna et al. (2009), although it must be noted that
these implants were mainly placed in the anterior region. The survival
rate in the present trial was much higher than in the study of Visser
et al. (2009), with an actual 10-year rate of only 86.1%, in which the
study-machined surface dental implants were placed in the poste-
rior region. In the present trial, dental implants with a roughened



SLOT ET AL.

1152
Wl LE Y~ CLINICAL ORAL IMPLANTS RESEARCH

TABLE 2 Frequency distribution of plaque, calculus, gingival and bleeding indices and mean and standard deviation (SD) of probing depth
in mm, at placement of the overdenture (T,), and 5years (T,,) and 10years (T,,,) after placement of the overdenture, and significance level (p
value) of differences between groups at three time points (p <.05 was considered significant)

TO T60

T120

4-Implant
group (n = 33)

6-Implant
group (h=33) Sign

4-Implant

Plaque index (%)

0 87.9 90.9 1.000 621
1 121 9.1 20.7
2 0 0 17.2
3 0 0 0
Calculus index (%)
0 97.0 100 1.000 96.6
1 3.0 0 3.4
Gingival index (%)
0 87.9 97.0 .355 48.3
1 121 3.0 41.4
2 0 0 10.3
3 0 0 0
Bleeding index (%)
0 72.7 72.3 1.000 51.7
1 24.3 27.3 379
2 3.0 0 10.4
3 0 0 0
Probing 4.5(0.8) 4.1(1.1) 157 4.3(1.0)
depth
in mm
(SD)

surface were placed in the posterior region, in contrast to the latter
study. Possibly with machined surface implants, osseointegration is
less successful in sites in which extensive bone augmentation pro-
cedures have been performed. This rather low implant survival rate
when using a machined implant surface in the edentulous maxilla
was also reported in the 5-year studies of Watson et al. (1997), and
Bergendal and Engquist (1998), being, respectively, 72.4% and 79%.

Mean peri-implant bone loss between baseline (placement
of the overdenture) and the 10-year evaluation was very small in
both groups. Comparison with the studies of Ferrigno et al. (2002)
and Visser et al. (2009) is not possible because marginal bone level
changes were not mentioned or could not be distracted. In the study
of Sanna et al. (2009), bone level changes were calculated in fre-
quencies, reporting an annual bone loss of <0.15mm in the vast ma-
jority of the cases. Mean indices for plaque, calculus, gingiva, and
bleeding were very low at the 10-year evaluation, and the probing
depth was not deviating. There were no differences in outcome be-
tween the 4- and 6-implant group. Some extra effort in performing
hygiene tasks might be required from participants with six implants,
but this did not appear to affect the results.

Incidence of peri-implantitis was calculated according the
definition VII European Workshop on Periodontology (Lang &

group (n = 29)

6-Ilmplant
group (n =31) Sign

4-Implant
group (n = 26)

6-Implant
group (n =20) Sign

51.6 475 53.8 55.0 485
25.8 7.7 30.0

22.6 61.5 15.0

0 0 0

96.8 1.000 923 90.0 .957
82 7.3 10.0

54.8 462 61.5 65.0 .783
41.9 26.9 20.0

3.3 11.6 15.0

0 0 0

38.7 .268 46.1 45.0 1.000
41.9 42.3.9 40.0

19.4 11.6 15.0

0 0 0

4.2(0.8) 765 4.8(1.1) 4.2(0.9) .337

Berglundh, 2011). In the present trial, incidence at the patient level
of peri-implant mucositis was 34.6% in the 4-implant group and
65.0% in the 6-implant group, whereas this number was, respec-
tively, 27.3% and 39.4% at the 5-year evaluation (Slot et al., 2019).
Incidence of peri-implantitis at patient level after 10years was
38.5% and 20.0% in the 4- and 6-implant group, respectively. At the
5-year evaluation, this number was, respectively, 17.2% and 9.7%
(Slot et al., 2019). This means that the risk of getting peri-implant
mucositis or peri-implantitis does not stop after a number of years
and new patients are infected. For the maxilla, there are no compa-
rable 10-year studies on this outcome variable, but for mandibular
overdentures, comparable percentages of peri-implant mucositis
and peri-implantitis are reported (Meijer et al., 2014). Peri-implant
mucositis and peri-implantitis are infectious diseases caused by the
bacterial biofilm. Existing studies have demonstrated clearly that
edentulism per se is no protection from peri-implant disease and that
continuous supportive care is essential in maintaining peri-implant
health (De Waal et al., 2013).

Patients' satisfaction improved significantly when wearing
implant-supported maxillary overdentures, and results showed to
be favorable at both the 5- and 10-year evaluation. The scores at
10years are in agreement with data reported by Sanna et al. (2009)
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TABLE 3 Mean score of five scales concerning the denture complaints (possible range 0-3), mean scores of chewing ability of soft, tough, and hard food (possible range 0-2) and overall

satisfaction score (possible range 1-10) before and 5 and 10years after treatment and significance level of differences (p <.05) between the groups

10years

5years

Pre-treatment

6-Implant group

(n = 20)

4-Implant group
(n = 26)

6-Implant group

(n=31)

4-Implant group
(n=29)

6-Ilmplant group

(n=33)

4-Implant group
(n=33)

p Value

p Value

p Value

0.305

0.3(0.5)

0.2(0.2)

0.212

0.2(0.2)

0.1(0.1)

0.099

1.7 (0.5)

1.5(0.6)

Functional complaints about upper

denture (SD)

0.258

0.2 (0.5)

0.1(0.2)

0.106

0.1(0.1)

0.1(0.1)

0.132

1.1(0.5)

0(0.5)

Functional complaints in general

(SD)
Facial aesthetics (SD)

“Neutral Space” (SD)

Aesthetics (SD)
Soft food (SD)

0.914

0.215
0.607
0.422
0.823

0.024

0.699

0.052

0.055
0.508
0.338
0.688

0.140
0.467

0.828

0.408
0.877
0.632
0.332

0.730
0.188

Tough food (SD)
Hard food (SD)

1.8(0.4)
4.4(1.7)

Overall satisfaction score (SD)

Note: Differences between study groups were tested with the independent Student's t test.
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for an overdenture supported by four implants. Krennmair
et al. (2008) mentioned in their case series that patients with an
overdenture on four or six implants in the maxilla were equally sat-
isfied after 5years. In other words, patients' satisfaction seemed to
be irrespective of whether the bar was supported by four or six im-
plants in the posterior maxillary region. The high satisfaction might
be due to the fact that the overdenture is supported by a bar with the
same length in both groups, which gives a comparable stability for
both treatment options. The four and six implants are more or less
placed in the same area, leading to the fact that the length of the bar
is comparable in both groups. The high satisfaction with maxillary
overdentures, including opinions on speech, resemble the results of
Heydecke et al. (2003) in which favorable results of an overdenture
were displayed compared with a fixed-implant prosthesis.

A paradox can be noted as very high percentages of peri-implant
mucositis were calculated (Table 2), whereas the incidence of hy-
perplasia was low (Table 4). This could be clarified by the fact that
mean bleeding scores were very low, meaning that there was, in-
deed, some bleeding at some sites in patients, scored as peri-implant
mucositis at patient level. But this low bleeding scores did not lead to
a high infection rate, possibly resulting in hyperplasia. Prosthodontic
complications related to treatment were mainly restricted to repair
of the denture base and teeth. Mangano et al. (2011) reported that
the majority of complications were related to the weakness of the
attachment system connecting the bar and overdenture. In contrast,
in the present trial, no clip repairs were observed. The absence of
problems with the attachment system could be caused by a built-in
cobalt chromium reinforcement structure and gold retentive clips
attached to this structure (Slot et al., 2012). The minimum number
of relines needed could be caused by the fact that physiological
resorption was minimal once the denture was supported by im-
plants; a phenomenon that was also seen in the mandible (Kordatzis
et al., 2003). At 10years, in 41% of the participants, a new overden-
ture was made. After 5years, this was only in 5% of the participants.
Apparently, because of wear of the acrylic parts of the overdenture,
new overdentures are needed in a considerable amount of partici-
pants. It must be said that the kind of maintenance and the number
of events during 10years is restricted to the combination of a max-
illary and mandibular bar overdenture and does not count for other
restorations or a natural dentition in the mandibular arch.

In the present trial, autogenous bone, with the iliac crest as
donor site, has been used as grafting material for the sinus floor el-
evation procedure. Since the start of the clinical trial, some system-
atic reviews have been published which concluded that xenographic
grafting materials only, as well as xenographic materials mixed with
autogenous bone, resulted in comparable successful outcomes
(Raghoebar et al., 2019; Rickert et al., 2012). If the iliac crest is no
longer needed as a donor site for large amounts of bone, this would
obviously lead to less morbidity.

At the start of this trial, cone beam computed tomography (CBCT)
was not available at our Medical Center. The bone volume was,
therefore, estimated by analyzing conventional two-dimensional ra-

diographs. Nowadays, the bone volume of the maxilla would have
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TABLE 4 Surgical and prosthodontic aftercare (number of events) of the 4-implant group and the 6-implant group during two follow-up

periods (0-5years and 5-10years)

Follow-up-period 0-5years

5-10years

4-implant group

Group (n=29)
Removal of hyperplasia 2
Surgical treatment of peri-implantitis 0

Clip repair 0
Repair denture base/teeth 13
Relining overdenture 0
Readjustment occlusion 1

New bar 0

New overdenture 0

been measured by CBCT, which provides more accuracy in diagnos-
ing the amount of bone necessary for the sinus floor surgery or this
could even prevent this procedure.

Some limitations have to be addressed. First, when determin-
ing the group size at the start of the trial, it was calculated that 28
participants would be needed per group to detect a possible differ-
ence in marginal bone level change (Slot et al., 2014). After 10vyears,
26 participants could be analyzed in the 4-implant group and 20
participants in the 6-implant group, meaning that the conclusions
on marginal bone level change have lost some power. However,
marginal bone level was rather comparable between the groups,
indicating that both approaches are feasible. Second, this was a
university-based trial with experienced professionals and dedicated
participants to a strict hygiene protocol, consisting of information,
checking, and reinstruction of dental hygiene procedures at yearly
visits. The patients were carefully selected to fit in the research pro-
tocol. Thus, the results of the present trial may deviate from those

achieved by a general practice.

5 | CONCLUSION

In spite of these limitations, it is concluded from this 10-year ran-
domized clinical trial that maxillary bar overdentures on four or six
implants in the posterior region of augmented maxillae resulted in a
comparable treatment outcome with high implant survival, limited
loss of peri-implant marginal bone, high patient satisfaction, and
minimal prosthodontic maintenance, when opposing a mandibular

4-implant overdenture.
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