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1. Introduction

Patients experiencing problems with their conventional maxil-
lary denture can benefit from implant-retained overdentures (IODs) 
[1-3]. Several retention systems are available which can be roughly 
divided into bar-retained IODs, in which multiple implants are splint-
ed and the overdenture is attached through retentive clips, and into 
retention systems using non-splinted solitary attachments. Bar- 
retained IOD’s on four implants provide good retention, require little 
maintenance, but are more expensive than solitary attachments. The 
medium term results of IOD’s on four implants are promising, with 
high implant and overdenture survival rate and a low incidence of 
complications, and may be considered the gold standard [1-6]. Soli-
tary attachments, an alternative to bars, are more economical and 
easy to clean by the patient [7], but wear more easily, which can cause 
lack of retention [8]. However, replacing these attachments can often 
be done chair side. A recent review reported that, when a maxillary 
IOD is supported by four implants, both types show equal implant 

survival rate, overdenture survival rate and patient satisfaction [9]. 
However, these conclusions are based on a limited number of ran-
domised controlled trials. Moreover, most studies of solitary attach-
ments were retrospective and of maxillary IOD attachment systems 
were mostly short term, non-comparing or retrospective, and there-
fore inconclusive. This underlines the need for studies comparing dif-
ferent attachment systems with a longer follow-up. We conducted 
a randomised controlled trial to compare the treatment outcomes 
of fully edentulous patients with maxillary IODs, supported by four 
implants, retained by either bars or solitary attachments. Marginal 
bone level change, implant and overdenture survival rate, technical 
and biological complications, clinical characteristics and patient re-
lated outcome measures were assessed during a 5-year follow-up.

2. Materials and Methods

2.1. Patients

Between January 2013 and January 2016, all eligible fully eden-
tulous patients experiencing problems with their maxillary conven-
tional denture and referred to the Department of Oral and Maxillofa-
cial Surgery (University Medical Center Groningen, the Netherlands 
(UMCG)) were asked to participate in a randomised controlled trial. 
The patients were considered eligible to participate if they had been 
fully edentulous for at least one year and had sufficient bone vol-
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ume to place four implants in the anterior maxilla. The patients were 
allowed to have mandibular IOD’s. The bone volume was assessed 
using cone beam computed tomography (CBCT). The exclusion crite-
ria were an American Society of Anaesthesiologists score (ASA score 
[10]) of ≥III, smoking, former radiotherapy in the head and neck re-
gion, pre-prosthetic surgery or previous loss of implants in the max-
illa. All the participants received oral and written information about 
the trial. Signed informed consent was obtained from each partici-
pant.

The initial 1-year trial was approved by the Medical Ethical Com-
mittee of the UMCG and the study was registered in the Dutch Trial 
Register (NL3813). In the present 5-year follow-up study, no new in-
terventions were carried out and was therefore not considered re-
search performed on test-subjects as meant in the Medical Research 
Involving Human Subjects Act (WMO) (MEC-reference M20.259187). 
The study was registered in the trial register as NL9031. This study 
was conducted in accordance with the 2008 revised requirements of 
the Helsinki Declaration of 1975 and the CONSORT Guidelines.

Using sealed envelope randomisation, the participants were 

randomly assigned to receive either the maxillary overdenture with 
solitary attachments (n = 25), or the maxillary overdenture with bar 
attachments (n = 25) (Fig. 1). The treatment procedures will be de-
scribed in brief; a full description of all the procedures can be found 
in the previously reported 1-year results [8].

2.2. Surgical procedure

All the participants received four maxillary implants (Nobel Ac-
tive Narrow Platform ⌀ 3.5 mm, Nobel Biocare AB, Gothenburg, Swe-
den), guided by a surgical stent at crestal bone level in predefined 
positions (anterior implants in the central/lateral incisor region, pos-
terior implants in the cuspid/first bicuspid region) via a two-stage 
surgical protocol. Incidental bone dehiscence was covered with a 
mixture of maxillary tuberosity bone and organic bovine bone (Bio- 
Oss, Geistlich Pharma AG, Wolhusen, Switzerland), and covered with 
a resorbable membrane (Bio-Gide, Geistlich Pharma AG). In case of 
partial extension into the anterior region of the sinus, sinus floor el-
evation surgery was performed using the lateral window technique 
[11] with bone harvested from the tuberosity and mixed with organic 
bovine bone. The lateral window was covered by a resorbable col-
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Fig. 1. CONSORT flow diagram
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lagen membrane. If not already present, the participants simultane-
ously received two mandibular implants (Nobel Replace Select TC, 
Nobel Biocare AB). All the participants received antibiotic prophylax-
is before the surgery (Amoxicillin, 3000mg, one hour preoperatively), 
and then continued afterwards with antibiotics (amoxicillin, 500mg, 
three times daily, seven days) and an additional 0.2% chlorhexidine 
mouth rinse (Corsodyl, GlaxoSmithKline). The participants were in-
structed not to wear their conventional prosthesis for two weeks. 
Thereafter, the prosthesis was adjusted with a resilient lining mate-
rial (Soft liner; GC Corp., Tokyo, Japan). After a 3-month osseointegra-
tion period, second stage surgery was performed by placing healing 
abutments and a standard prosthetic procedure was initiated.

2.3. Prosthetic procedure

The solitary attachment group’s final superstructure consisted of 
an overdenture with a built-in cobalt chromium reinforcement struc-
ture with Locator® denture caps and nylon Locator® males which 
were connected to four Locator® attachments (DIT-USA, Scottsdale, 
Arizona, USA; Fig. 2). The study’s participants were initially provided 
with pink inserts (13.4 N; medium force), providing possibilities to 
strengthen or loosen the retentive force. Regarding the bar group, 
the final superstructure consisted of an overdenture with gold re-
tentive clips (Cendres+Metaux, Biel/Bienne, Switzerland) that were 
point-lasered to a virtually designed, 3D-printed cobalt chromium 
reinforcement (Proscan, Zonhoven, Belgium), attached to a virtually 
designed, milled ovoid titanium bar with distal extensions (Proscan, 
Zonhoven, Belgium) which were screw-retained to multi-unit abut-
ments (Nobel Biocare AB) (Fig. 3). The overdenture was attached to 
the two bars with three retentive clips per bar. Both groups’ overden-
tures were designed without palatal coverage of the maxilla. Most 
participants simultaneously received a mandibular IOD. In case the 
participant’s current IOD was adequate, no new IOD was made. The 
participants were instructed in hygiene procedures associated with 
the overdentures and superstructures, and routine maintenance ap-
pointments were scheduled.

2.4. Outcome measures

The primary outcome measure was marginal bone level change 
(MBLC). Implant survival rate, overdenture survival rate, clinical char-
acteristics, biological complications, technical complications and 
patient related outcome measures (PROMs) were the secondary out-
come measures. Clinical and radiographic evaluations took place at 
one month (T1), 12 months (T12) and 60 months (T60) after the pros-
thetic loading. The PROMs were evaluated before treatment (T0), at 
T12 and T60.

2.4.1. Marginal bone level change

The radiographs were taken with an Extension Cone Paralleling 
Photostimulable Phosphor holder (RINN, Dentsply, Elgin, IL, USA). 
Linear measurements were performed by one blinded experienced 
observer (HJAM) with measurement software (Biomedical Engineer-
ing, University Medical Center Groningen, the Netherlands). Prior to 
analysis, the superstructures were cropped from the digital radio-
graphs to facilitate blinded measurements. The neck of the implant 
was used as a reference line for all the measurements. The images 
were calibrated using the implant’s dimensions. Measurements were 
done at the mesial and distal side of each implant. MBLC was defined 
as the difference in bone height between the radiograph taken at T1 
(baseline) and T12 or T60. The side having the largest MBLC (mesial or 

Fig. 2. Intra-oral view (a) and corresponding overdenture (b/c) of a partici-
pant with solitary retention after five years

(a)

(b)

(c)
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distal) of each individual implant was used for analysis.

2.4.2. Implant and overdenture survival rate

Implant survival rate was defined as the percentage of implants 
still present and not mobile at the follow-up evaluation. Percussion 
testing was done to assess implant mobility. The bar group’s assess-
ment occurred after the bar was removed. Maxillary overdenture 
survival rate was defined as the percentage of the initially placed 
overdentures still present at the follow-up.

2.4.3. Clinical parameters

For each implant, the following clinical characteristics were as-
sessed:

• The presence of plaque using the index described by Loë and 
Silness [12] (score 0: no detection of plaque; score 1: plaque can 
be detected by running a probe across the smooth marginal 
surface of the abutment and implant; score 2: plaque can be 
seen by the naked eye; score 3: an abundance of plaque). For 
each participant, the implant with the highest score was used 
for analysis.

• The presence of calculus with a score of 0 or 1 (the absence or 
presence of calculus, respectively). For each participant, the im-
plant with the highest score was used for analysis.

• Peri-implant mucosa health using the modified Löe and Silness 
index [12] (score 0: normal peri-implant mucosa; score 1: mild 
inflammation, slight change in colour, slight oedema; score 2: 
moderate inflammation, redness, oedema and glazing; score 3: 
severe inflammation, marked redness and oedema, ulceration). 
For each participant, the implant with the highest score was 
used for analysis.

• Bleeding on probing using the Mombelli et al. index [13] (score 0: 
no bleeding when using a periodontal probe; score 1: isolated 
bleeding spots visible; score 2: a confluent red line of blood 
along the mucosa margin; score 3: heavy or profuse bleeding). 
For each participant, the implant with the highest score was 
used for analysis.

• The peri-implant probing depth was measured at four sites of 
each implant (mesial, vestibular, distal and oral) with a manual 
periodontal probe; the distance between the marginal border 
of the mucosa and the tip of the periodontal probe was noted 
as probing depth. Probing depth change (PDC) was defined as 
the difference in probing depth between the T1 (baseline) and 
T12 or T60. The largest PDC of each participant was used for 
analysis.

2.4.4. Biological and technical complications

Biological complications, i.e. peri-implantitis and peri-implant 
mucositis, were calculated at the end of the follow-up period. A case 
of peri-implantitis was defined as a site showing bleeding and/or 
suppuration on probing and a MBLC ≥-2 mm, whereas peri-implant 
mucositis was defined as a site showing bleeding and/or suppura-
tion on probing with a radiographic MBLC <-2mm, following the con-
sensus reached at the 2017 World Workshop on the Classification of 
Periodontal and Peri-Implant Diseases and Conditions [14]. Implants 
that failed due to severe bone loss (e.g. were untreatable for peri-
implantitis) were removed and were scored as lost implants. Any 
implants that were treated or lost because of peri-implant diseases 
were added to the 5-year follow-up data. Technical complications 

Fig. 3. Intra-oral view (a) and corresponding overdenture (b/c) of a partici-
pant with bar retention after five years

(a)

(b)

(c)
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were scored at any time after overdenture placement and included 
loosening of denture teeth, replacement or tightening of nylon caps 
or gold clips due to retention loss, and adaptation of the denture 
edges because of pressure ulcers.

2.4.5. Patient related outcome measures

The PROMs were assessed from three validated questionnaires 
focusing on chewing ability [15], denture satisfaction [16] and oral 
health quality of life [17]. PROMs were compared within and between 
groups.

2.5. Sample-size estimation

A sample size estimation was carried out with a statistical power 
analysis software [18]. A 0.4±0.5 mm marginal bone level change was 
estimated as a clinically relevant difference between groups, partly 
based on a previous systematic review on implant overdentures [19]. 
An alpha of 0.05 and a power of 0.85 meant the calculated sample 
size for between group comparison had to be n = 46. A sample size 
of 50 took into account any possible loss to follow-up.

2.6. Data analysis

Continuous data (MBLC, PDC, PROMs) were tested for normality 
with the Shapiro-Wilk test and additional histogram observation. If 
normality was assumed, these data were analysed using a student 
T-test. If normality was not assumed, these data were analysed with 
the Wilcoxon signed rank test (for within-group differences) and 
Mann-Whitney U-test (for between-group differences).

All the other clinical variables (ordinal data) were analysed via 
Wilcoxon signed rank tests (for within-group differences) and a 
Mann-Whitney U test (for between-group differences). Implant and 
overdenture survival rate differences between the groups were cal-
culated using a Log Rank test.

A P-value of less than 0.05 was considered statistically signifi-
cant. Pairwise deletion was used for missing data and between-
group comparisons. List-wise deletion was used for missing data and 
within-group comparisons. All the analyses were performed with the 
SPSS 23.0 software (SPSS, Inc., Chicago, IL, USA).

3. Results

3.1. Patient Characteristics

The solitary attachment group’s mean age was 60.1 years (+- 8.6,  
range 37.5-75.0) and the bar group’s was 63.8 years (+- 5.4, range  
53.0-72.6). Gender distribution was equal in both groups (13 male, 
12 female). During the follow-up period, four participants deceased 
(one in the solitary attachment group, three in the bar group), two 
participants moved without leaving an address (one in each group) 
and one participant (bar group) was too ill to attend the 5-year  
follow-up. Consequently, 23 solitary attachment group participants 
and 20 bar group participants were available for the 5-year evalua-
tion (Fig. 1).

3.2. Normality testing

Regarding MBLC and PDC, normality of data was assumed 
since the Shapiro-Wilk test did not result in a significant difference 
between the groups and the histograms had a bell-shaped curve. 
The PROMs showed there was a significant difference between the 
groups, thus normality of data was not assumed.

3.3. Marginal bone level change

The mean MBLC after 5 years was -1.41±1.38mm for the solitary 
attachment group and -0.99±0.96mm for the bar group, which was 
statistically significant (P=0.024, Table 1). 

3.4. Implant survival rate

Five implants in five participants were lost during osseointegra-
tion (three in the solitary attachment group, two in the bar group); 
they were not replaced since an overdenture could still be fabricated 
using the remaining three implants. No additional implants were lost 
in the first year but, after five years, four other participants had lost 
seven implants, all in the solitary attachment group. This resulted in 
a 5-year survival rate of 89.5% in the solitary attachment group and 
96.3% in the bar group. The difference in implant survival between 
the groups was statistically significant (P = 0.027, Log Rank test, Fig. 
4).

Table 1. Mean values and standard deviations (SD) of the marginal bone level change in mm for the solitary attachment and 
bar groups, and the frequency distribution of the marginal bone level change 1 and 5 years after overdenture placement

1 year after prosthesis placement 5 years after prosthesis placement

Solitary attach-
ment (n = 23) Bar (n = 24) Solitary attach-

ment (n = 23) Bar (n = 20)

Mean mm (SD) -0.58 (0.71) -0.31 (0.47) P = 0.002a -1.41 (1.38) -0.99 (0.96) P = 0.024a

0 to -0.5 mm 55.9% 71.4% 29.5% 42.7%

>0.5 to -1.0 mm 17.2% 18.4% 18.2% 15.9%

>-1.0 to -1.5 mm 17.2%  6.1% 18.2% 17.1%

>-1.5 to -2.0 mm  6.5%  3.1% 11.4%  6.1%

> -2.0 to -2.5 mm  1.1%  1.0%  1.1%  8.5%

> -2.5 to -3.0 mm  1.1%  0.0%  5.7%  4.9%

> -3 mm  1.1%  0.0% 15.9%  4.9%
a Differences between the study groups were tested with the independent Student’s t-test
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3.5. Overdenture survival rate

A decision was made not to replace two of the participants’ im-
plants because they did not experience any loss of retention. The 
two and three implants that were lost by two other participants were 
replaced, as were their overdentures. One additional participant’s 
(bar group) overdenture was replaced due to wear, resulting in an 
overdenture survival rate of 95.0% for the bar group and 91.3% for 
the solitary attachment group. The difference between the groups 
was not statistically significant (P = 0.591, Log-Rank test, Fig. 5).

3.6. Probing depth change and clinical indices

The mean PDC at the 5-year follow-up was +0.6±1.1mm for the 
solitary attachment group and +0.7±0.9mm for the bar group. The 
median plaque, calculus, gingival condition and bleeding indices 
scores are depicted in Table 2; there were no significant differences 
between the groups.

3.7. Biological and technical complications

Peri-implant mucositis occurred in 47.8% and 15.0% of the 
solitary attachment and bar groups’ participants, respectively. Peri- 
implantitis occurred in 25.8% and 5.1% of the solitary attachment 
and bar groups’ participants, respectively (Table 5). The calculated 
incidence rates include the treated and lost implants. Technical 
complications consisted of the replacement of attachment matrices 
(n=4), retightening of an abutment screw (n=1, solitary attachment 
group), tooth fracture repair (n=2, solitary attachment group) and 
prosthesis base fracture repair (n=1, bar group).

3.8. Patient related outcome measures: within group comparison

The within group PROMS comparison is listed in Table 3. All 
the OHIP-NL and subscale items had improved significantly at the 
5 year follow-up. The functional complaints questionnaire items re-
garding ‘functional complaints upper denture’, ‘general functional 
complaints’, ‘facial aesthetics’ and ‘general satisfaction score upper 
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Table 2. Median change and interquartile range of the highest score per participant, from baseline to the 1 and 5 year follow-
ups, for plaque-index, bleeding-index, gingival-index and presence of calculus. Mean change and standard deviations of the 
largest probing depth change per participant from baseline to the 1 and 5 year follow-ups.

Change from baseline After 1 year After 5 years

Solitary attach-
ment (n=23)

Bar group 
(n=24) P-value Solitary attach-

ment (n=23)
Bar group 
(n=20) P-value

Plaque-index [IQR] 
(range 0-3) 0 [-1;1] 0 [-1;1] 0.870a 0 [-1;0] 0 [-1.5;0] 0.541a

Bleeding-index [IQR] 
(range 0-3) 0 [-1;0] 0 [0;0.75] 0.135a 0 [0;1] 0 [0;0.5] 0.719a

Gingival-index [IQR] 
(range 0-3) 0 [-1;0] 0 [-0.75;0] 0.239a 0 [-1;0] 0 [0;0.5] 0.490a

Calculus-presence [IQR] 
(range 0-1) 0 [0;0] 0 [0;0] 1.000a 0 [0;0] 0 [0;0] 0.114a

Probing depth change in 
mm (SD) 0.4 (1.0) 0.3 (0.9) 0.541b 0.6 (1.1) 0.7 (0.9) 0.697b

Differences between the study groups were tested with the aMann–Whitney U test or bthe independent Student’s t-test.  
IQR: interquartile range; SD: standard deviation
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denture’ had also improved significantly in both groups. The same 
applied to chewing of all types of foods according to the 5 year  
follow-up questionnaire.

3.9. Patient related outcome measures: between group comparison

A comparison of the between group PROMs, as listed in Table 4, 
did not result in significant differences between the groups for any 
individual questionnaire items or the Total OHIP-NL49 score. Con-
sidering the functional complaints questionnaire, both groups were 
equally satisfied with their maxillary overdenture. Despite chewing 
in general, as well as chewing tough and hard foods favouring the 
bar group at the 1 year follow-up, these differences had balanced out 
by the 5-year follow-up.

4. Discussion

Based on the results of the present study’s 5-year follow-up 
period, a maxillary four-implant overdenture and a bar attachment 
system is the more favourable therapy for fully edentulous patients 

compared to a solitary attachment system, considering the signifi-
cantly lower amount of marginal bone level change and significantly 
higher implant survival rate.

4.1. Other studies

Current maxillary overdenture research is mainly focused on re-
tention with bars. Several prospective studies with a 5-year follow-
up period reported high survival rates, ranging from 97.7% - 100%, 
combined with a low MBLC ranging from -0.2mm to -1.2mm after five  
years [1-5], which are in line with the present study’s findings. The 
studies focusing on solitary attachments were mostly retrospective. 
Compared to bars, these studies showed a predominantly higher 
MBLC ranging from -0.4 to -1.7 mm, lower survival rates ranging from 
92% to 98.9%, but with a shorter mean follow-up period ranging  
from 32.9-58 months [20-23]. The only prospective study on IODs 
retained by solitary attachments, performed by Bouhy et al. [24] 
reported a mean MBLC of -1.01 mm after one year, with a relative-
ly low survival rate of 86.2%. There are two comparative prospec-
tive studies available with a follow-up longer than 5 years. The first 

Table 3. Within-group comparison of the patient related outcome measures, specifically the OHIP-49NL, denture complaints questionnaire and chewing  
ability before treatment and 1 and 5 years after treatment

Solitary attachment group Bar group

Pre-treatment After 1 year
Comparison 
Pre-treatment 
–After 1 year

After 5 years
Comparison 
Pre-treatment 
–After 5 years

Pre-treatment After 1-year
Comparison 
Pre-treatment 
–After 1 year

After 5-year
Comparison 
Pre-treatment 
–After 5 years

Functional limitation 
[IQR] (max. 36) 17 [12.5-23] 9 [3-17] P = 0.002** 7.5 [5-12.75] P <0.001*** 19 [11.5- 23.25] 6 [2-8.5] P <0.001*** 4 [0.75-11.25] P <0.001***

Physical pain [IQR] 
(max. 36) 17 [10-23] 3.5 [0.25-10.5] P <0.001*** 4 [1-11] P <0.001*** 19 [10.75-23] 2 [0-6.75] P <0.001*** 1 [0-10] P <0.001***

Psychological discom-
fort [IQR] (max. 20) 10 [8-16] 4 [0-9] P = 0.001** 1 [0-8] P <0.001*** 8.5 [2-14] 1 [0-6.5] P = 0.002** 0 [0.3.25] P <0.001***

Physical disability 
[IQR] (max. 36) 17 [9-26.5] 4.5 [1-10] P <0.001*** 3.5 [0.25-8.5] P = 0.001** 16 [9-21.5] 1 [0-6] P <0.001*** 1.5 [0-6.75] P <0.001***

Psychological disabil-
ity [IQR] (max. 24) 6 [3-15] 1.5 [0-4] P = 0.002** 1 [0-5.5] P = 0.016* 7 [0.75-13] 0 [0-2] P <0.001*** 0 [0-2.5] P = 0.001**

Social disability [IQR] 
(max. 20) 6 [1.5-13.5] 0 [0-2.75] P = 0.006** 0 [0-1.75] P = 0.002** 4 [0.75-8.25] 0 [0-0.5] P = 0.001** 0 [0-0.25] P = 0.004**

Handicap [IQR]  
(max. 24) 8 [3-11] 1 [0-3.75] P = 0.001** 0 [0-2.75] P <0.001*** 3.5 [1.75-9] 0 [0-0] P <0.001*** 0 [0-2] P = 0.002**

Total OHIP-NL49 score 
[IQR] (max. 196) 77 [59.5-120.5] 26.0 [9.0-61.0] P <0.001*** 21.0 [8.0-46.0] P <0.001*** 84 [52-105.5] 12.5 [3-36.5] P <0.001*** 8 [2-43.5] P <0.001***

Functional complaints 
upper denture [IQR] 
(max. 27)

13 [8.75-23] 2 [0-4] P <0.001*** 2 [1-4] P <0.001*** 15.5 [8.75-19.25] 1.06 [1-2] P <0.001*** 1 [0-4] P <0.001***

Functional complaints 
in general [IQR] (max. 
54)

23 [16.25-31.25] 3 [1-6.25] P <0.001*** 2.5 [0-5.75] P <0.001*** 15 [7.25-27.50] 1 [0-4.75] P <0.001*** 2 [0-7.25] P <0.001***

Facial aesthetics [IQR] 
(max. 9) 4.5 [1-6.5] 0 [0-3] P = 0.006** 1 [0-2.75] P <0.001*** 2 [0-5.25] 0 [0-0] P = 0.003** 0 [0-3] P = 0.045*

“Neutral Space” [IQR] 
(max. 9) 1 [0-3] 0.5 [0-2.25] ns 0 [0-2] ns 0.5 [0-2] 0 [0-1] ns 0 [0-2] ns

Aesthetics [IQR] 
(max. 36) 1[0-5.5] 0 [0-1.25] ns 1 [0-3] ns 0 [0-1.25] 0 [0-1] ns 0 [0-2.25] ns

General satisfaction 
score upper denture 
[IQR]

4 [1-6] 8 [7-9] P <0.001*** 8 [8-9] P <0.001*** 4 [2-6] 9 [8-10] P <0.001*** 8 [8-9] P <0.001***

Total food chewing 
score [IQR] (max. 18) 11 [6-15] 4 [2-7] P <0.001*** 3 [1-6] P <0.001*** 11 [9-12] 0 [0-3] P <0.001*** 2 [2-5] P <0.001***

Soft foods score [IQR] 
(max. 6) 1 [1-3] 0 [0-0] P = 0.007** 0 [0-0] P = 0.007 ** 2 [1-3] 0 [0-0] P <0.001*** 0 [0-0] P <0.001***

Tough foods score 
[IQR] (max. 6) 3 [2-5] 0 [0-2] P <0.001*** 1 [0-2] P <0.001*** 4 [3-4] 0 [0-0] P <0.001*** 0 [0-0] P <0.001***

Hard foods score [IQR] 
(max. 6) 6 [4-6] 3 [2-6] P = 0.007** 2 [1-4] P <0.001*** 6 [5-6] 0 [0-2] P <0.001*** 2 [0-4] P <0.001***

Differences were tested with the Wilcoxon Matched Pairs Signed Ranks test. IQR: interquartile range; ns: no significant differences. *: P <0.05, ** P <0.01,  
***P<0.001
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study compared 3-implant retained overdentures with ball- or bar- 
attachments over a follow-up period of 10 years and reported a mean 
MBLC of -0.84 mm and a 87% survival rate, with no differences be-
tween the groups [6]. The low survival rate was mostly due to failed 
osseointegration (12 out of 16 implants). The second study compared 
4-implant overdentures with bars and solitary in a prospective co-
hort study with a mean follow-up of 11.4 years [25]. They reported 
a cumulative failure rate of 23.8%. Though more implants were lost 
by the solitary attachment group, the difference was not significant. 
Interestingly, most of the bar group’s implants failed in the first year 
after loading, while the solitary attachment group’s implant failure 
was more wide-spread, with 5 failures in the first year, 4 in the fourth 
year and 2 in the eleventh year. We also observed such a failure pat-
tern in both groups.

4.2. The effect of clinical parameters

In the present study, the median plaque-, bleeding, gingival- 
and calculus scores and mean probing pocket depth remained low 
throughout the entire follow-up period, which is in line with the  
findings of other studies [1-3], and so we do not think it contribut-
ed to the differences in MBLC and implant loss found between the 
groups. Therefore, the idea that solitary attachments aid in easier 
oral hygiene could not be supported either. In fact, while the peri-
implantitis incidence in the bar group was in line with comparable 
studies [1,2], the solitary attachment group suffered from higher in-
cidences of infection, suggesting that solitary attachments are more 
prone to infection.

4.3. Possible cause for group differences

A possible explanation for the group differences may be associ-
ated with the higher load that the solitary attachment group’s sys-
tem has to bear, which was demonstrated in vitro [26-28], combined 
with the poor bone quality that is often present in edentulous maxil-
lae, leading to a higher incidence of implant failure [29,30]. Unfortu-
nately, a correlation between occlusal (over)load and implant and/or 
peri implant bone loss could not be made here and should therefore 
be included in future research.

Table 4. Between-group comparisons of patient related outcome measures, specifically the OHIP-49NL, Denture Complaints questionnaire and chewing abil-
ity before treatment and 1 and 5 years after treatment

Pre-treatment After 1 year After 5 years

Solitary 
attachment 
group (n=25)

Bar group 
(n=25)

Solitary 
attachment 
group (n=23)

Bar group 
(n=24)

Locator® 
group (n=23)

Bar group 
(n=20)

Functional limitation [IQR] (max. 36) 17 [12.5-23] 19 [11.5-23.25] ns 9 [3-17] 6 [2-8.5] ns 7.5 [5-12.75] 4 [0.75-11.25] ns

Physical pain [IQR] (max. 36) 17 [10-23] 19 [10.75-23] ns 3.5 [0.25-10.5] 2 [0-6.75] ns 4 [1-11] 1 [0-10] ns

Psychological discomfort [IQR] 
(max. 20) 10 [8-16] 8.5 [2-14] ns 4 [0-9] 1 [0-6.5] ns 1 [0-8] 0 [0.3.25] ns

Physical disability [IQR] (max. 36) 17 [9-26.5] 16 [9-21.5] ns 4.5 [1-10] 1 [0-6] ns 3.5 [0.25-8.5] 1.5 [0-6.75] ns

Psychological disability [IQR]  
(max. 24) 6 [3-15] 7 [0.75-13] ns 1.5 [0-4] 0 [0-2] ns 1 [0-5.5] 0 [0-2.5] ns

Social disability [IQR] (max. 20) 6 [1.5-13.5] 4 [0.75-8.25] ns 0 [0-2.75] 0 [0-0.5] ns 0 [0-1.75] 0 [0-0.25] ns

Handicap [IQR] (max. 24) 8 [3-11] 3.5 [1.75-9] ns 1 [0-3.75] 0 [0-0] ns 0 [0-2.75] 0 [0-2] ns

Total OHIP-NL49 score [IQR]  
(max. 196) 77 [59.5-120.5] 84 [52-105.5] ns 26.0 [9.0-61.0] 12.5 [3-36.5] ns 21.0 [8.0-46.0] 8 [2-43.5] ns

Functional complaints upper  
denture [IQR] (max. 27) 13 [8.75-23] 15.5 [8.75-19.25] ns 2 [0-4] 1.06 [1-2] ns 2 [1-4] 1 [0-4] ns

Functional complaints in general 
[IQR] (max. 54) 23 [16.25-31.25] 15 [7.25-27.50] P = 0.033* 3 [1-6.25] 1 [0-4.75] ns 2.5 [0-5.75] 2 [0-7.25] ns

Facial aesthetics [IQR] (max. 9) 4.5 [1-6.5] 2 [0-5.25] ns 0 [0-3] 0 [0-0] ns 1 [0-2.75] 0 [0-3] ns

“Neutral Space” [IQR] (max. 9) 1 [0-3] 0.5 [0-2] ns 0.5 [0-2.25] 0 [0-1] ns 0 [0-2] 0 [0-2] ns

Aesthetics [IQR] (max. 36) 1 [0-5.5] 0 [0-1.25] P = 0.046* 0 [0-1.25] 0 [0-1] ns 1 [0-3] 0 [0-2.25] ns

General satisfaction score upper 
denture [IQR] 4 [1-6] 4 [2-6] ns 8 [7-9] 9 [8-10] P = 0.041* 8 [8-9] 8 [8-9] ns

Total food chewing score [IQR] 
(max. 18) 11 [6-15] 11 [9-12] ns 4 [2-7] 0 [0-3] 0.001 3 [1-6] 2 [2-5] ns

Soft foods score [IQR] (max. 6) 1 [1-3] 2 [1-3] ns 0 [0-0] 0 [0-0] ns 0 [0-0] 0 [0-0] ns

Tough foods score [IQR] (max. 6) 3 [2-5] 4 [3-4] ns 0 [0-2] 0 [0-0] 0.034 1 [0-2] 0 [0-0] ns

Hard foods score [IQR] (max. 6) 6 [4-6] 6 [5-6] ns 3 [2-6] 0 [0-2] <0.001 2 [1-4] 2 [0-4] ns

Differences between the study groups were tested with the Mann–Whitney U test. IQR: interquartile range; ns: no significant differences. *: P < 0.05,  
** P<0.01. 

Table 5. Incidence rates of peri-implant mucositis and peri-implantitis 
(including the lost implants data)

5 years after prosthesis placement

Solitary attachment Bar Total

Implants at risk (n) 89 79 168

Peri-implant mucositis 69.6% 45.0% 58.1%

Peri-implantitis 44.9% 22.8% 34.5%

Patients at risk (n) 23 20 43

Peri-implant mucositis 47.8% 15.0% 32.6%

Peri-implantitis 25.8%  5.1% 16.1%
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4.4. The patient’s experience

Though the complication rate with solitary attachments seems 
to be higher than with bars, most repairs are minor and can often 
be performed chair side, which was also recognized by other studies 
[20-23]. This, however, does not seem to influence the patient’s expe-
rience. Both our groups scored equally high in terms of patient relat-
ed outcome measures, which is in line with other studies [1-3,20,21]. 
While the bar group’s score on patient satisfaction was significantly 
better than the solitary attachment group’s at the 1-year follow-up, 
this did not remain significant after five years. The equalization may 
be attributed to a longer adaptation period in the solitary attach-
ment group compared to the bar group. On the other hand, the bar 
group’s median satisfaction score decreased, which means both 
groups’ scores became more similar. Also the ability to chew hard 
and tough foods did not remain significantly different between the 
groups, which may have contributed to the equal satisfaction scores. 
Nonetheless, both groups’ PROMs scores were significantly higher 
compared to baseline, underlining the participants’ sustained satis-
faction with their overdentures in spite of higher implant loss and 
more minor complications in the solitary attachment group.

4.5. Future research

Given the differences and similarities between the present 
study’s groups, it would be interesting to know how both PROMs, as 
well as radiographic- and clinical parameters, will develop over the 
coming years. Additionally, to be able to provide more predictable 
results, future research should focus more on the possible factors in-
fluencing peri-implant health and disease, especially in patients with 
poor baseline bone conditions, as in the present study.

4.6. Limitations

A limitation of studies with a relatively long evaluation period is 
the loss to follow-up, especially patients with a relatively higher age, 
which is often the case with fully edentulous patients. In the present 
study, the conclusions on MBLC change may have lost some power 
since three participants from the bar group had deceased and one 
was too ill to participate. On the other hand, the MBLC was strongly 
significant, which may have compensated for the loss to follow-up. 
It is also important to realize that, since the study was university-
based, the results may deviate from those achieved by a daily dental 
practice.

5. Conclusions

In maxillary 4-implant overdenture therapy, the marginal bone 
level, implant survival rate and the number of complications are 
better with bar attachments than with solitary attachments. Both 
groups’ clinical and patient related outcome measure scores were 
equal throughout the entire follow-up period.
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