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Abstract

Aim: To evaluate bar-supported maxillary implant overdenture treatment when

supported by either four or six implants after 10 years.

Materials and Methods: Edentulous subjects with maxillary denture complaints and

ample bone volume to facilitate implants in the anterior region of the maxilla were

planned for implant overdenture treatment, randomized to receive either four

implants (n = 25) or six implants (n = 25) and subsequently evaluated after 10 years

of function. Outcome variables included peri-implant bone-level changes, implant

and overdenture survival, complications, presence of plaque, calculus and bleeding,

degree of peri-implant inflammation, probing depth and patient satisfaction. Differ-

ences between the groups and between evaluation periods were tested with a Stu-

dent's t-test.

Results: Fourteen patients with totally 72 implants were lost to follow-up. Two

patients from the six-implant group experienced implant loss (four implants), resulting

in 96.1% implant survival in this group versus 100% survival in the four-implant

group. Clinical, radiographical and patient-reported outcome measures did not differ

statistically significant between the two groups. Patients from both groups were gen-

erally quite satisfied with the result after 10 years.

Conclusions: Similar and favourable outcomes are seen in bar-supported maxillary

overdentures on either four or six anteriorly placed implants after a 10-year evalua-

tion period.

K E YWORD S

dental implants, edentulous, maxilla, overdenture, randomized controlled clinical trial

Clinical Relevance

Scientific rationale for study: Implants can support a maxillary denture in order to improve reten-

tion and stability. Long-term controlled trials on the outcome of bar-supported maxillary over-

denture treatment focussing on the optimal number of implants required are missing.
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Principal findings: Implant and overdenture survival, peri-implant soft tissue health, marginal

bone-level changes and patient-reported outcomes between maxillary dentures supported by

four or six implants in the anterior region after 10 years of function were favourable and similar.

Practical implications: In edentulous patients, four implants to retain a bar-supported maxillary

overdenture are a viable treatment option when there is ample bone volume in the anterior

maxilla to facilitate implant placement.

1 | INTRODUCTION

Patients with persistent complaints, with respect to their conventional

maxillary denture, benefit considerably from implant support in terms

of denture satisfaction and overall quality of life and high implant sur-

vival rates are reported (Slot et al., 2010, Raghoebar et al., 2014;

Boven et al., 2015; Slot et al., 2016; Di Francesco et al., 2021;

Fonteyne et al., 2021). Implant position, the number of implants and

bone volume are factors that influence the success of both the

implants and maxillary overdenture (Esposito et al., 1998).

Although two and four unsplinted implants, placed in the cuspid

and molar region, to support a maxillary overdenture result in similar

clinical outcomes in a crossover clinical trial, patients preferred four

implants (Kappel et al., 2021). At least four implants are advised in a

systematic review, with implants as well anteriorly and posteriorly

(Messias et al., 2021), although short-term results from a prospective

study indicate that results with four unsplinted implants, placed in the

cuspid and molar region, were less favourable (Bouhy et al., 2020).

Patients from a clinical trial, with al implants placed in the anterior

position, by Boven et al. (2020), also experienced more marginal bone

loss around four unsplinted compared with splinted implants after

1 year. By contrast, others did not see a clear benefit in splinting the

implants, placed in various positions, in maxillary overdenture treat-

ment (Ma et al., 2016; Leão et al., 2018; Di Francesco et al., 2019).

Comparison between four- and six-splinted implants to support a

maxillary overdenture indicates that after a short- and medium-term

follow-up period, these treatment modalities are similar and favour-

able (Slot et al., 2010, 2016; Di Francesco et al., 2021). Ferrigno et al.

(2002) demonstrated in a prospective case series that a 10-year

cumulative implant survival rate was 94.4% for four to six implants

and a bar-supported overdenture. Sanna et al. (2009) showed in their

retrospective analysis a cumulative survival rate of 99.3%, for both

four- and six-splinted implants supporting an overdenture after

10 years in function. Visser et al. (2009) performed a retrospective

analysis and reported an actual survival rate of 86.1% for six implants

with a milled bar and overdenture after 10 years in function. How-

ever, studies reporting long-term results from randomized clinical tri-

als have not been reported. In addition, there are no treatment

guidelines for preferred implant positions in the edentulous maxilla. If

ample bone volume is available, placing implants in the anterior region

is likely to be advantageous. In the more posterior maxillary regions,

pre-implant, substantial bone augmentation (i.e., sinus floor elevation

surgery) may often be necessary to facilitate implant placement. This

could be prevented when placing implants in the anterior region,

subsequently reducing morbidity, treatment time and costs as

potential benefits (Kalk et al., 1996). In some studies on maxillary

implant-supported overdentures, the implants were placed posteriorly

following a sinus floor elevation procedure (Visser et al., 2009),

whereas in other studies the implants had been placed more anteriorly

(Ferrigno et al., 2002; Sanna et al., 2009). Hence, there is considerable

heterogeneity with respect to patient and treatment variables within

studies reporting on maxillary overdentures in general and four versus

six implants in particular, with a lack of high-quality long-term data.

The aim of the present study was to compare, in a randomized

controlled trial, 10-year results of bar-supported maxillary implant-

supported overdentures on four and six anteriorly placed implants in

terms of radiographic changes, survival, clinical outcomes, complica-

tions and patient satisfaction.

2 | MATERIALS AND METHODS

Between January 2006 and December 2009, a total of 50 consecutive

patients fulfilling the inclusion criteria were registered. This study has

been set up as a randomized clinical trial with two treatment arms of

25 subjects each, to receive either four or six implants in the anterior

region of the maxilla and a bar-supported overdenture. Outcome

parameters were assessed at 1, 5 and 10 years and compared both

longitudinally and between the treatment groups at any given time

point (Figure 1).

2.1 | Patient selection

Edentulous subjects were enrolled in the study if they met the follow-

ing inclusion criteria:

• persistent complaints regarding their maxillary denture;

• ample bone volume to facilitate implants in the anterior region of

the maxilla;

• sufficient interocclusal space to allow for a bar-supported

overdenture.

Detailed descriptions of the surgical and prosthetic treatment

procedure and outcome parameters have been reported previously

(Slot et al., 2013, 2016), and are briefly presented below.

The present study was not considered to be clinical research with

test subjects, as meant in the Medical Research Involving Human

2 SLOT ET AL.
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Subjects Act (WMO) (METc communication M18.224571). The study

was registered in the trial register (www.trialregister.nl: NTR_NL9729)

and conducted in accordance with the 2008 revised requirements of

the Helsinki Declaration of 1975 and the CONSORT Guidelines.

2.2 | Treatment procedure

2.2.1 | Surgical procedures

Four or six dental implants were inserted in the maxillary anterior

region (OsseoSpeed™ 4.0S dental implants, Astra Tech AB, Mölndal,

Sweden). Small bony defects were covered with autologous bone

from the maxillary tuberosity and organic bovine bone (Bio-Oss®,

Geistlich Pharma AG, Wolhusen, Switzerland) and subsequently cov-

ered with a resorbable membrane (Bio-Gide®, Geistlich Pharma AG,

Wolhusen, Switzerland). The implants were uncovered after a

3-month osseointegration period and healing abutments (Uni Healing

Abutments, Astra Tech AB, Mölndal, Sweden) were placed.

2.2.2 | Prosthetic procedure

The superstructure consisted of a milled titanium bar with distal

extensions, screw-retained to abutments and an overdenture with a

built-in cobalt chromium reinforcement structure and gold retentive

clips attached to it (Slot et al., 2012). The overdentures were designed

to cover the alveolar process fully, but with limited palatal coverage.

All patients were also edentulous in the mandible and received a four-

implant mandibular overdenture. Each patient was instructed in

hygiene procedures for the dentures and the bars (Figure 2).

2.3 | Outcome measures

Primary and secondary outcomes were collected at the placement of

the overdenture, and 1, 5 and 10 years after loading. Patients' satis-

faction was also scored before treatment. Next to this, the patients

were seen for routine check-up visits at every year during the

10-years follow-up. Soft tissues and the superstructure were

Enrolment

F IGURE 1 Flow diagram of the study [Colour figure can be viewed at wileyonlinelibrary.com]

SLOT ET AL. 3
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evaluated. If plaque and/or calculus were present at an evaluation

period, cleaning was performed with additional hygiene reinstructions.

2.3.1 | Marginal bone-level alterations

The primary outcome measure was marginal bone-level alteration as

observed on intra-oral periapical radiographs (Meijndert et al., 2004)

and analysed using dedicated computer software (DICOM Networks,

developed at the department of Biomedical Engineering, University

Medical Center Groningen, the Netherlands). Data collection and anal-

ysis of the radiographs were done by the same observer. The known

implant dimension was used as a reference to transform the linear

measurements into millimetre. Reference line for bone-level evalua-

tion was the outer border of the neck of the implant. Mesial and distal

bone changes in this region were considered as radiographic bone

height change and were defined as the difference in bone height

between the photograph taken at overdenture placement and photo-

graphs taken at follow-up appointments. The worst score per implant

was used in the data analysis. Reproducibility of the specific analysis

method was evaluated by Telleman et al. (2013). The intra-class corre-

lation coefficient for average measures was 0.867 for the radiographic

inter-observer agreement (Cronbach's α = .867), which can be inter-

preted as almost perfect agreement.

Secondary outcome measures were as follows:

• implant survival;

• overdenture survival;

• complications;

• clinical parameters consisting of the presence of plaque and bleed-

ing, scored according to the Mombelli et al. (1987) indices, pres-

ence of calculus, degree of peri-implant inflammation according to

the modified Löe and Silness index (Löe & Silness, 1963) and prob-

ing depth.

Peri-implant mucositis and peri-implantitis were calculated at a

patient level, according to the consensus reached at the VI and VII

European Workshop on Periodontology (Lindhe & Meyle, 2008;

Lang & Berglundh, 2011) and reconfirmed at the VIII European Work-

shop on Periodontology (Sanz & Chapple, 2012), namely:

• peri-implant mucositis (radiographic bone loss <2 mm): BoP+

and/or suppuration; and

• peri-implantitis: BoP+ and/or suppuration in combination with a

marginal bone loss ≥2 mm.

2.3.2 | Patient-reported outcomes

Patient-reported outcomes regarding the overdenture were assessed

using a validated questionnaire aimed at patient satisfaction

(Vervoorn et al., 1988) and a “chewing ability” questionnaire

(Stellingsma et al., 2005), as well as the patient's overall satisfaction

with the denture, expressed on a 10-point rating scale.

2.4 | Statistical analysis

The sample size was calculated using the program G*power version

2 (Erdfelder et al., 1996). A difference of at least 0.4 mm in bone height

(measured on standardized radiographs, with a standard deviation [SD] of

0.5 mm) between the four implants group and six implants group after

12 months 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 α = .05 with a power 80% com-

bined with the expected effect size for two independent means gives a

sample size of 21 persons in each group. To deal with withdrawal of indi-

viduals in the study, the number of participants was determined to be

25 persons per group. The data were analysed using the Statistical

F IGURE 2 Ten-year panoramic radiograph of a patient with four implants connected with a bar in the maxillary anterior region

4 SLOT ET AL.
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Package for Social sciences (version 22.0; SPSS Inc., IBM Corporation, Chi-

cago, IL). The data were normally distributed. The differences between the

groups were tested with an independent Student's t-test and the differ-

ences between the evaluation periods were tested with a paired Student's

t-test.

3 | RESULTS

Characteristics of the subjects in both treatment arms are listed in

Table 1.

Seven patients passed away during the observation period (four

and three patients from the four- and six-implant group respectively).

Severe illness prevented six patients from attending the 10-year eval-

uation (two from the four-implant group and four from the six-implant

group). One patient from the six-implant group moved without leaving

a forwarding address. Hence, data of 36 patients could be analysed

after a decade (Figure 1). The mean peri-implant bone loss between

baseline and the 10-year follow-up was 0.41 ± 0.37 mm in the four-

implant group and 0.70 ± 1.07 mm in the six-implant group (p = .274,

Table 2). Mean peri-implant bone-level change between 5 and

10 years in the four-implant group was +0.11 mm (SD: 0.30) and in

the six-implant group �0.16 mm (SD: 0.83) without a significant dif-

ference between the groups (p = .073).

The 10-year implant survival rate was 100% and 96.1% in the

four-implant and six-implant groups, respectively. Four implants had

failed in two patients from the six-implant group (one implant during

the osseointegration period and three implants due to peri-implantitis

between the 5- and 10-year evaluation period). The 10-year survival

rate of the overdentures was 57.9% and 29.4% in the four-implant

and six-implant group, respectively.

Very low plaque, calculus, gingiva and bleeding indices were seen,

with no statistically significant differences between the treatment

arms. Probing depths were stable in time (Table 3).

TABLE 1 Baseline characteristics (at overdenture placement) of the groups with four implants (four-implant group) or six implants (six-implant
group)

Group Four-implant group (n = 25) Six-implant group (n = 25)

Mean age in years (standard deviation [SD], range) 59.7 (8.0, 46–80) 57.4 (8.7, 39–71)

Gender (number male/female) 15/10 8/17

Mean upper jaw edentulous period in years (SD, range) 12.6 (11.7, 1–40) 15.8 (14.4, 1–45)

Number of maxillary dentures (SD, range) 2.5 (1.6, 1–8) 2.7 (1.7, 1–8)

Age of present maxillary denture (SD, range) 3.4 (2.5, 1–10) 3.7 (3.0, 1–10)

Implant dehiscence or fenestration (patients/implants) 14/32 13/33

Sinus floor elevation surgery (patients/sinuses) 0/0 9/18

Mean plaque index (SD) 0.1 (0.3) 0.2 (0.5)

Mean calculus index (SD) 0.0 (0.0) 0.0 (0.0)

Mean gingival index (SD) 0.0 (0.0) 0.1 (0.3)

Mean bleeding index (SD) 0.3 (0.5) 0.2 (0.4)

Mean probing depth in mm (SD) 4.3 (1.0) 3.4a (0.9)

Note: Differences between the study groups were tested with the independent Student's t-test (p < .05).
aSignificance between groups.

TABLE 2 Mean values and standard deviations (SDs) of the marginal bone loss in mm, and frequency distribution of the bone loss 5 and
10 years after overdenture placement in the four- and six-implant groups

Bone loss

5 years 10 years

Four-implant
group (n = 96)

Six-implant
group (n = 131)

Four-implant
group (n = 76)

Six-implant
group (n = 99)

Mean (SD) 0.50 mm (0.37) 0.52 mm (0.43) 0.41 mm (0.37) 0.70 mm (1.07)

0–0.5 mm 64% 60% 75% 66%

>0.5–1.0 mm 21% 19% 14% 11%

>1.0–1.5 mm 12% 12% 7% 9%

>1.5–2.0 mm 1% 7% 3% 8%

>2.0 mm 2% 2% 1% 6%

Note: Differences between the study groups were tested with the independent Student's t-test (p < .05). The mean marginal bone loss did not differ

significantly between the groups (p = .305 at 5 years; p = .274 at 10 years).

SLOT ET AL. 5
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Incidence of peri-implant mucositis at patient level was 52.6%

and 52.9%, and of peri-implantitis 10.5% and 23.5% in the four- and

six-implant groups, respectively.

Patient-reported outcomes are important indicators of quality of

care (Table 4).

Scores among patients in both treatment arms improved consid-

erably on all parameters after treatment, but did not differ between

the groups, even after 10 years.

Aftercare, both surgically and prosthetically, involved a small

number of events and was predominantly confined to fracture of the

denture base or loose or fractured denture teeth. However, a new

overdenture had to be provided for 20 patients between the 5- and

10-year observation period. Surgical interventions were limited to the

removal of hyperplasia in a single patient (Table 5).

4 | DISCUSSION

Implants in the anterior maxillary region that support a bar-retained

maxillary overdentures have an excellent long-term prognosis, regard-

less of whether they are supported by four or by six implants.

The results are in line with the cumulative 10-year implant sur-

vival rates reported by Ferrigno et al. (2002) and by Sanna et al.

(2009), also on anterior maxillary implants, but far more favourable

then noted by Visser et al. (2009). In the former study, machined den-

tal implants with a relatively smooth surface were used. However,

these implants were placed in the posterior region in combination

with a sinus floor elevation procedure. It resulted in a low survival rate

of 86.1%. Possibly, osseointegration is less successful when relatively

smooth implants are used in augmented posterior maxillary sites, as

TABLE 3 Mean change from baseline to 5 and 10 years of follow-up in the plaque index, calculus index, gingival index, bleeding index and
probing depth

Assessments

Mean change from baseline to 5 years Mean change from baseline to 10 years

4-implant group (n = 24) 6-implant group (n = 22) 4-implant group (n = 19) 6-implant group (n = 17)

Plaque index (standard

deviation [SD])

Score 0–3

0.5 (0.9) 0.4 (0.9) 0.6 (0.8) 0.2 (0.7)

Calculus index (SD)

Score 0–1
0.1 (0.3) 0.1 (0.5) 0.3 (0.5) 0.1 (0.2)

Gingival index (SD)

Score 0–3
0.4 (0.6) 0.2 (0.4) 0.6 (0.8) 0.2 (0.6)

Bleeding index (SD)

Score 0–3
0.3 (0.7) 0.5 (0.8) 0.3 (0.8) 0.3 (0.7)

Probing depth in mm (SD) �0.4 (0.8) �0.1 (0.8) 0.0 (1.0) 0.7 (1.1)

Note: Differences between the study groups were tested with the independent Student's t-test (p < .05). No significant changes were observed between

the groups.

TABLE 4 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 10 years after treatment

Satisfaction assessments

Pre-treatment 5 years 10 years

Four implants

group (n = 25)

Six implants

group (n = 25)

Four implants

group (n = 24)

Six implants

group (n = 22)

Four implants

group (n = 19)

Six implants

group (n = 17)

Functional complaints about upper

denture (standard deviation [SD])

1.3 (0.7) 1.5 (0.5) 0.1 (0.1) 0.2 (0.2) 0.1 (0.1) 0.1 (0.2)

Functional complaints in general (SD) 1.1 (0.6) 1.2 (0.4) 0.1 (0.3) 0.2 (0.2) 0.2 (0.3) 0.2 (0.2)

Facial aesthetics (SD) 1.1 (0.9) 1.4 (0.8) 0.3 (0.5) 0.3 (0.5) 0.2 (0.3) 0.2 (0.4)

“Neutral Space” (SD) 0.6 (0.6) 0.5 (0.6) 0.3 (0.5) 0.4 (0.5) 0.5 (0.8) 0.5 (0.5)

Aesthetics (SD) 0.4 (0.4) 0.3 (0.3) 0.1 (0.1) 0.1 (0.1) 0.2 (0.2) 0.1 (0.2)

Soft food (SD) 0.4 (0.5) 0.5 (0.4) 0.1 (0.3) 0.0 (0.0) 0.1 (0.2) 0.0 (0.0)

Tough food (SD) 1.2 (0.6) 1.5 (0.4) 0.1 (0.4) 0.1 (0.3) 0.2 (0.5) 0.1 (0.1)

Hard food (SD) 1.8 (0.6) 1.9 (0.3) 0.3 (0.5) 0.4 (0.5) 0.4 (0.6) 0.4 (0.5)

Overall satisfaction score (SD) 4.3 (1.9) 4.1 (1.6) 8.8 (1.3) 9.0 (0.7) 8.7 (1.9) 8.9 (0.7)

Note: Differences between study groups were tested with the independent Student's t-test (p < .05). No significant differences between the four- and six-

implant group were observed at all evaluation periods.

6 SLOT ET AL.

 1600051x, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jcpe.13726 by U

niversiteitsbibliotheek, W
iley O

nline L
ibrary on [28/10/2022]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



argued by Visser et al. (2009). Approximately 25 years ago, Watson

et al. (1997) and Bergendal and Engquist (1998) reported 5-year

results of maxillary implant overdenture treatment with 72.4% and

79% implant survival rates, respectively, when using a similar

implant type.

With respect to mean marginal bone loss, a comparison with the

Ferrigno et al. (2002) and Visser et al. (2009) studies cannot be made

because they did not report bone-level changes or these could not be

deduced. Sanna et al. (2009) calculated the bone-level changes as fre-

quencies, reporting an annual amount of bone loss of ≤0.15 mm in the

vast majority of cases.

The mean plaque, calculus, gingiva and bleeding indices were

favourable at the 10-year follow-up. Shallow probing depths were

seen and showed no significant differences between the groups, in

line with the observations by others (Sanna et al., 2009). Although it

could be hypothesized that patients from the six-implant group would

have to put an extra effort in performing daily hygiene tasks, this is

not reflected in the results.

In the present study, the incidence of peri-implant mucositis at

the 10-year evaluation was 52.6% among the four-implant group and

52.9% in the six-implant group, whereas Slot et al. (2016) found,

respectively, 41.7% and 45.5% at the 5-year evaluation. The incidence

of peri-implantitis at patient level after 10 years was 10.5% and

23.5% in the four- and six-implant groups, respectively. After 5 years,

it was only 8.3% and 4.5%, respectively (Slot et al., 2016). This implies

that the incidence of peri-implant mucositis or peri-implantitis

increases over time and does not stabilize after many years: new cases

occur. In many patients peri-implantitis was seen at the 5-year evalua-

tion. These patients were treated non-surgically with erythritol air pol-

ishing and hygiene reinstruction. At the 10-year evaluation, with new

radiographs, a new number of cases with peri-implantitis was

detected. These patients will be treated non-surgically with erythritol

air polishing and hygiene reinstruction and additionally, if the initial

treatment is unsuccessful, with surgical treatment of peri-implantitis.

At the yearly control visits, no new cases of peri-implantitis were

detected, leading to the fact that during the 10-year follow-up period

no surgical treatment of peri-implantitis had taken place (Table 5).

There are no studies covering 10 years on this particular outcome var-

iable regarding the edentulous maxilla. Meijer et al. (2014) noted that

57.0% of the patients with mandibular overdentures had peri-implant

mucositis after 10 years and 29.7% of these fully edentulous patients

suffered from peri-implantitis. Hence, peri-implant diseases occur in

edentulous people and the importance of continuous professional

supportive care should be emphasized in maintaining peri-implant

health (De Waal et al., 2013). A paradox can be noted as very low

mean bleeding scores and stable mean bone levels are found, whereas

rather high numbers of peri-implant mucositis and peri-implantitis

cases are calculated at both evaluation periods. This could be clarified

by the fact that mean bleeding scores and mean bone-level changes

are presented at the implant level, whereas peri-implant mucositis and

peri-implantitis have been presented at patient level. This means that

bleeding and bone-level change at one implant in a patient automati-

cally results in a full score of peri-implant mucositis or peri-implantitis

for that specific patient.

At the 5 and 10-year follow-up, patients from both treatment

arms were very satisfied with their implant-supported bar-retained

maxillary overdenture, in agreement with the findings by Sanna et al.

(2009) regarding four-implant overdentures after 10 years. Given the

similarities in the position of the anteriorly placed implants and the

use of bar retention on four implants, the study by Krennmair et al.

(2008) is of interest. They reported that patients with a four-implant

overdenture showed a very high general satisfaction, measured using

questionnaires, after 5 years. Apparently, a bar-supported overden-

ture on four anteriorly placed implants provides enough stability in

satisfied patients.

Four implants (in two patients) were lost in the six-implant group.

None of these patients needed new surgery because the overdenture

functioned well on the remaining implants. Table 5 reveals that there

were only few complications that needed surgical intervention: in two

patients, removal of hyperplasia was carried during the 10-year

TABLE 5 Surgical and prosthetic aftercare (number of events) of the four-implant group and the six-implant group during two follow-up
periods (0–5 years and 5–10 years)

Aftercare

0–5 years 5–10 years

Four-implant
group (n = 24)

Six-implant
group (n = 22)

Four-implant
group (n = 19)

Six-implant
group (n = 17)

Removal of hyperplasia 1 0 1 0

Surgical treatment of peri-implantitis 0 0 0 0

Clip repair 0 0 0 0

Repair denture base/teeth 15 12 6 8

Relining overdenture 0 1 0 1

Readjustment occlusion 0 0 2 3

New bar 0 0 5 6

New overdenture 0 0 8 12
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follow-up period. It must be acknowledged that technical complica-

tions do occur during a 10-year follow-up period. Analysis of the num-

ber of patients who are without any complications shows that this

applies to 23% of the patients. Prosthetic complications included

repair of the denture base and the need for replacement of teeth in

few cases. In a study by Mangano et al. (2011), it was found that

repair of the anchorage components connecting bar and overdenture

was the most common complication. No clip repairs were recorded in

this study. A cobalt chromium reinforcement structure with clips

attached to it was integrated into the denture base, and apparently

quite effective in minimizing prosthetic complications (Slot

et al., 2012). Moreover, between 5 and 10 years, more than 50% of

the patients had new overdentures with also new bars in more 30%

of the patients. Reasons for new overdentures were in all cases

related to wear of the teeth and discoloration of acrylic components.

Patients chose to have a new prosthesis instead of repair. It is advised

to inform patients before treatment that after many years new costs

could be expected due to technical complications.

A limitation of the 10-year evaluation is the loss to follow-up of a

number of initial participants. From the initial power calculation, it

was estimated that each treatment arm would require at least

21 patients to identify a potential statistically significant difference in

marginal bone-level change between the groups. Consequently,

25 patients per group had been included to allow for drop outs (Slot

et al., 2013). For reasons not related to the treatment outcome,

19 and 17 patients could be evaluated in the four- and six-implant

groups respectively, which impacted on the ability to detect potential

marginal bone-level changes after 10 years. In addition, external valid-

ity may be compromised by the fact that treatment was performed by

experienced professionals and in carefully selected patients, which

could imply that the obtained results may deviate from those that can

be obtained in daily dental practice.

If four implants are a viable treatment option to retain a bar-

supported treatment option, it also seems worthwhile to explore the

placement of three implants as described in the manuscript with

10 years of results and with different attachment systems of the

authors Ma et al. (2016).

It can be concluded from this 10-year follow-up study that in

edentulous patients with persistent maxillary denture complaints, sim-

ilar, favourable outcomes are seen in bar-supported maxillary over-

dentures on either four or six anteriorly placed implants.
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