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Introduction
Even nowadays, complete edentulism is highly prevalent 
worldwide (Emami et al. 2013). Conventional complete den-
tures have been used for treating edentulous patients for more 
than a century. Although maxillary dentures are often effective 
in satisfying patient needs, some discomfort is common among 
mandibular denture wearers (Awad et al. 2000). During the last 
decade, clinical trials have emphasized the mandibular implant–
retained overdenture as a cost-effective alternative for treating 
edentulism. Such an approach has shown better results than 
conventional dentures regarding oral health–related quality of 
life (OHRQoL) and patient satisfaction (Emami et al. 2009). 
International consensus recommends the 2-implant mandibular 
overdenture as the standard of care for edentulism due to favor-
able results and low costs, compared with most types of implant 
restorations (Feine et al. 2002; Thomason et al. 2009).

Despite the advantages of 2-implant overdentures, they can 
be limited for some cases. Even patients who can benefit from 
implant therapy may reject them because of fear of oral surgery 
or other psychological issues (Assunção et al. 2007). Costs may 
still be high for some people (Mundt et al. 2009), and systemic 
diseases can restrict operative procedures and time, mainly for 
the elderly (Mundt et al. 2015). Furthermore, the dimensions of 
standard implants limit their use in some cases, such as narrow 
ridges. Although augmentation procedures may be possible, 
they involve higher costs, greater discomfort, and higher risks 
of postoperative morbidity (Clavero and Lundgren 2003).

Mini-implants are an alternative to standard fixtures in 
these cases. Their reduced diameter (<3.0 mm) enables inser-
tion in narrow ridges. Moreover, insertion procedures are sim-
pler and faster, as they use a reduced series of drills, often with 
a flapless approach (Mazor et al. 2004). Those characteristics 
are relevant for the elderly, who are the majority of edentulous 
patients (Sohrabi et al. 2012). Mini-implants are also interest-
ing from an economic perspective, due to their reduced cost 
compared with standard fixtures and lower operative time 
needed (Griffitts et al. 2005).

Survival rates of mini-implants are favorable when used for 
mandibular overdentures (Sohrabi et al. 2012). However, a 
recent systematic review found no randomized trial comparing 
mini-implants and standard implants for retaining overden-
tures (Bidra and Almas 2013). Therefore, this randomized trial 
compared mini-implants (4 or 2) to standard implants for the 
retention of mandibular overdentures of adult edentulous 
patients. Outcomes comprised OHRQoL, patient satisfaction, 
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Abstract
A mandibular implant-retained overdenture is considered a first-choice treatment for edentulism. However, some aspects limit 
the use of standard implants—for example, the width of edentulous ridges, chronic diseases, fear, or costs. This randomized trial 
compared mandibular overdentures retained by 2 or 4 mini-implants with standard implants, considering oral health–related quality of 
life (OHRQoL), patient satisfaction, and complications such as lost implant. In sum, 120 edentulous men and women (mean age, 59.5 
± 8.5 y) randomly received 4 mini-implants, 2 mini-implants, or 2 standard implants. Participants provided data regarding OHRQoL 
and satisfaction until 12 mo. Clinical parameters, including implant survival rate, were also recorded. Both 2 and 4 mini-implants led to 
better OHRQoL, compared with 2 standard implants. Treatment with 4 mini-implants was more satisfying than 2 standard implants, 
with 2 mini-implants presenting intermediate results. Implant survival rate was 89%, 82%, and 99% for 4 mini-implants, 2 mini-implants, 
or 2 standard implants, respectively. Overdentures retained by 4 or 2 mini-implants can achieve OHRQoL and satisfaction at least 
comparable with that of 2 standard implants. However, the survival rate of mini implants is not as high as that of standard implants 
(ClinicalTrials.gov NCT01411683).
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and clinical parameters (including implant survival rate and 
complications) for a period of 12 mo. We tested the null 
hypothesis that patient perceptions and clinical parameters 
would be similar for the 3 treatments.

Materials and Methods
This article describes results from a 3–parallel group random-
ized trial with a follow-up period of 12 mo (ClinicalTrials.gov: 
NCT01411683). The protocol was approved by the institu-
tional Ethics Committee. Participants were enrolled among 
patients of the School of Dentistry of Ribeirão Preto from 
January 2012 to January 2014.

Participants had to be edentulous, older than 45 y, and pre-
senting with a pair of clinically acceptable conventional com-
plete dentures. Existing dentures had to be adequate in terms of 
base extension and fit, maxillomandibular relationships, tooth 
wear, and aesthetics. Mandibular ridges had to have space for 
the 3 planned interventions, and oral hygiene had to be satis-
factory. Another requirement was the absence of systemic con-
ditions that could avert minor oral surgery, such as severe 
cardiovascular diseases or uncontrolled type 2 diabetes melli-
tus. After an explanation of study procedures, participants 
needed to explicitly express their desire to convert their man-
dibular prostheses into implant-retained overdentures and sign 
an informed written consent form.

Applicants were excluded if an examiner observed insuffi-
cient height in the anterior mandibular region (≤10 mm) or 
signs of severe oral parafunction. A history of radiotherapy in 
the orofacial region, alcoholism, or severe smoking (>10  
cigarettes/day) also led to exclusion, as well as any suspicion 
of cognitive impairment. Patients unable to return to scheduled 
sessions were excluded. They should not have had any tooth 
extracted earlier than 6 mo or present mandibular ridges graded 
as I or II according to Cawood and Howell (1988).

Interventions

Participants were randomly assigned to receive implants 
according to 3 groups:

Group 1: 4 mini-implants
Group 2: 2 mini-implants
Group 3: 2 standard implants

Randomization (ratio: 1:1:1) was based on computer-generated 
numbers enclosed in sealed, opaque envelopes. A researcher 
not involved in other parts of the trial prepared the numbers 
and envelopes, according to a simple randomization 
approach. Although simple randomization can lead to imbal-
ance in group sizes, this was done to avoid prediction of allo-
cation by research personnel (Higgins and Green 2011). A 
surgeon opened each envelope immediately before implant 
insertion.

Surgical and 7-d postoperative procedures were detailed by 
Ribeiro et al. (2015). In brief, group 1 received 4 mini-implants 

(2.0 × 10.0 mm, Mini-Drive Lock MDL; Intra-Lock 
International Inc., Boca Raton, FL, USA) in the anterior man-
dible, ≥5 mm mesial to the mental foramina and similarly 
spaced. Group 2 received 2 similar mini-implants in the region 
of the lower canines. Group 3 received 2 standard implants (4.0 
× 10.0 mm, Morse-Lock Straight 4.0 mm, Intra-Lock 
International Inc.) according to a 2-stage approach.

Common procedures involved the hollowing of mandibular 
denture bases and relining with a polyvinyl siloxane–based 
material (Elite Soft; Zhermack, Badia-Polesine, Rovigo, Italy). 
Participants returned after 3 mo for chairside insertion of 
attachment matrices. Participants of the third group underwent 
second-stage surgery with subsequent insertion of a 2.0-mm 
ball abutment (Intra-Lock International Inc.), immediately 
before insertion.

The Appendix provides further details of surgical and pros-
thetic procedures.

Outcomes

Interventions were compared according to patient-centered 
outcomes (OHRQoL and patient satisfaction) and to the pro-
portion of surviving implants, as well as biological and 
mechanical complications.

OHRQoL was evaluated by the Brazilian version of the 
Oral Health Impact Profile in Edentulous Adults (OHIP-
EDENT) inventory (Souza et al. 2010). This instrument com-
prises 19 items answerable on a 3-point Likert scale and 
provides a summary score ranging from 0 to 38. Lower scores 
represent better OHRQoL, which is conceptually defined as a 
low impact of oral conditions on oral functions and well-being. 
Items in the translated version allow grouping in 4 subscales, 
representing different domains/dimensions of perceived 
impact, such as masticatory-related complaints or social 
disability.

Patient satisfaction with dentures was quantified via ques-
tions regarding criteria considered by Awad and Feine (1998): 
overall satisfaction, ease in cleaning dentures, ease in speak-
ing, comfort, aesthetics, perceived retention/stability, and mas-
ticatory ability with different food types. Participants provided 
answers on a 100-mm visual analog scale, with 0 and 100 mm 
representing complete dissatisfaction and satisfaction, 
respectively.

Implant survival was determined for each fixture according 
to its presence at follow-up (Kim et al. 2014), without indi-
cated removal due to mobility, pain on percussion, or radio-
graphic evidence of failed osseointegration. Implants were 
classified as successful if, in addition, they could provide den-
ture retention/stability. Moreover, each case as a whole was 
considered successful if the overdenture was functioning and 
retained by at least a pair of implants distributed bilaterally. 
Following implant failures, participants could undergo a sec-
ond insertion procedure before having their treatment classi-
fied as a failure. The occurrence of complications regarding the 
performance of prostheses, attachment systems, and implants 
was also recorded. Peri-implant health parameters were also 
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measured—that is, probing depth, bleeding on probing, plaque 
index, and calculus index.

Patient-centered outcomes were assessed before implant 
insertion and following 3, 6, and 12 mo after receiving over-
dentures, by a researcher unaware of participant allocation. A 
second researcher recorded other outcome variables during 
the same period.

Sample Size

This trial considered the OHIP-EDENT summary score and 
the overall satisfaction with mandibular dentures (item 2) as 
the primary outcomes. A priori sample size estimation 
employed data from a previous study (Regis et al. 2013), con-
sidering a standard deviation of 5.7 and a minimum difference 
of 4.0, corresponding to a single score unit change for each 
OHIP-EDENT domain. These parameters required at least 33 

participants per group (α = 0.05, 
power = 0.80). Regarding the satisfac-
tion item, a minimum difference of 20 
mm was detectable with 30 partici-
pants per group, with similar α and 
power. Because of possible losses 
throughout the trial, we enrolled 120% 
of the estimated sample (n = 120).

Statistical Analysis

OHIP-EDENT summary scores and 
results for most satisfaction items 
did not present homogeneous vari-
ances. Therefore, we used general-
ized estimating equations (GEEs) 
for comparing interventions, using 
an identity link function and assum-
ing an exchangeable working corre-
lation. Generalized score statistics 
were used instead of Wald tests. 
Analyses considered 2 factors: inter-
ventions and follow-up time. Implant 
success/survival rates, occurrence of 
complications, and peri-implant health 
parameters for each group were com-
pared by GEE, considering each par-
ticipant as a cluster when applicable. 
Multiple comparisons were performed 
by the Bonferroni test.

Data analysis followed the inten-
tion-to-treat principle. For the primary 
outcomes, a baseline observation car-
ried forward (BOCF) analysis was 
performed according to Liu-Seifert  
et al. (2010) and compared with com-
plete cases’ results. This was done for 
a better estimation of possible bias 
associated with dropouts and losses. 
Analyses were performed by SPSS 

21.0 software, considering α = 0.05.

Results
The trial enrolled 120 participants, who were randomly allo-
cated to group 1 (n = 38), 2 (n = 42), or 3 (n = 40). All partici-
pants received treatment according to the groups to which they 
were randomly assigned. Groups were similar at baseline in 
sex (women: group 1, n = 26; group 2, n = 30; group 3, n = 25) 
and mean age (group 1, 59.3 ± 9.7 y; group 2, 59.1 ± 7.9 y; 
group 3, 60.2 ± 8.0 y). Groups were also similar regarding 
ridge morphology and case complexity, as previously described 
(Ribeiro et al. 2015). Most participants (n = 106) provided data 
at the 12-mo follow-up (Fig.). Reasons for withdrawals 
involved failed osseointegration (groups 1 and 2, n = 1 each) 
and dissatisfaction with the treatment (group 2, n = 2; group 3, 

Assessed for eligibility
(n = 357)

Insufficient space for implants (n = 16)
Poor systemic health (n = 25)
Unacceptable dentures (n = 124)
Natural teeth (n = 26)
Temporomandibular disorders (n = 9)
Cognitive or motor disorders (n = 4)
Refusal to receive implants (n = 38)
Illiteracy (n = 6)
Interforaminal region <11 mm  (n = 29)
Deleterious habits (n = 42)
Inability to come to the returns (n = 8)

Randomized (n =120)

Excluded

(n = 237)

Group I
four mini-implants

(n = 38)

Group III
two standard implants

(n = 40)

Group II
two mini-implants

(n = 42)

Random allocation of participants

GI: prosthetic phase
(n = 38)

GII: prosthetic phase 
(n = 42)

GIII: prosthetic phase 
(n = 40)

Losses (n=2) 
Severe systemic disease (n=1)

Lost contact (n=1)

Withdrawals (n=1)
Dissatisfaction with treatment (n=1)

Failed treatment (n=1)

Analyzed, 3 months
(n = 37)

Analyzed, 3 months
(n = 38)

Analyzed, 3 months
(n = 38)

Losses (n=1)
Lost contact (n=1)

Withdrawals (n=2)
Dissatisfaction with treatment (n=2)

Three months before implant loading/attachment insertion

Analyzed, 6 months
(n = 37)

Analyzed, 6 months
(n = 38)

Analyzed, 6 months
(n = 38)

Analyzed, 12 months
(n = 35)

Analyzed, 12 months
(n = 35)

Analyzed, 12 months
(n = 36)

Losses (n=1)
Deceased (n=1)

Failed treatment (n=1)

Losses (n=1)
Deceased (n=1)

Withdrawals (n=1)
Dissatisfaction with treatment (n=1)*

Losses (n=2)
Lost contact (n=2)

Withdrawals (n=1)
Dissatisfaction with treatment (n=1)

Figure. Flow diagram of participants in the trial up to 12 mo posttreatment. *This participant 
requested more mini-implants to avoid rotation of the mandibular overdenture.
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Table 1. Baseline Assessment of Oral Health–related Quality of Life and Patient Satisfaction with Oral Health, Existing Dentures, and Mastication: 
Mean (SD).

Inventory: Item Group 1 Group 2 Group 3 P Valuea

OHIP-EDENT
 Summary score 15.2 (9.1) 13.9 (7.8) 17.6 (9.4) 0.176
 D1. Masticatory discomfort/disability 5.3 (2.2) 4.8 (2.7) 5.3 (3.0) 0.592
 D2. Psychological discomfort/disability 3.3 (3.0) 3.0 (2.6) 4.1 (3.3) 0.262
 D3. Social disability 1.8 (2.9) 1.6 (2.4) 2.4 (3.1) 0.472
 D4. Oral pain and discomfort 4.7 (2.9) 4.1 (2.8) 5.5 (2.4) 0.094
Satisfaction with dentures  
 Q1. Ease in cleaning 79.0 (30.7) 88.2 (19.2) 73.0 (33.9) 0.056
 Q2. Overall satisfaction 30.3 (34.0) 34.7 (35.3) 37.8 (35.1) 0.634
 Q3. Ease in speaking 42.2 (36.9) 50.4 (39.4) 54.9 (35.4) 0.316
 Q4. Comfort 29.8 (32.3) 35.8 (38.8) 30.1 (31.8) 0.676
 Q5. Aesthetics 69.6 (35.1) 79.0 (30.3) 64.6 (35.3) 0.149
 Q6. Retention/stability: firmness 16.1 (24.7) 20.3 (31.8) 24.7 (28.3) 0.422
 Q7. Retention/stability: ease of removal 54.2 (42.0) 71.5 (38.0) 64.0 (35.4) 0.136
 Q8. Retention/stability: anteroposterior movement during chewing 16.8 (29.3) 27.9 (34.4) 22.4 (28.8) 0.282
 Q9. Retention/stability: looseness during chewing 14.4 (26.2) 23.9 (35.0) 17.1 (24.0) 0.316
 Q10. Retention/stability: looseness during speech 32.5 (39.8) 39.8 (39.4) 39.5 (37.3) 0.646
 Q11. Retention/stability: misplacement caused by tongue forces 22.0 (34.0) 30.8 (40.0) 20.8 (25.6) 0.345
Masticatory ability  
 Q1. General ability 13.3 (21.5) 19.7 (31.7) 20.3 (26.5) 0.457
 Q2. Soft bread 27.3 (36.4) 30.3 (37.2) 28.1 (32.1) 0.927
 Q3. Cheese 38.4 (36.2) 40.0 (41.7) 38.0 (33.5) 0.967
 Q4. Raw carrot 11.4 (22.2) 14.5 (28.4) 14.9 (24.4) 0.804
 Q5. Beef 16.4 (24.2) 20.6 (33.4) 19.6 (24.4) 0.787
 Q6. Raw apple 15.2 (26.3) 16.8 (30.1) 18.1 (27.3) 0.898
 Q7. Lettuce 50.5 (41.8) 49.5 (42.1) 45.1 (37.1) 0.821

D, domain; group 1, 4 mini-implants; group 2, 2 mini-implants; group 3, 2 standard implants; OHIP-EDENT, Oral Health Impact Profile in Edentulous 
Adults; Q, question.
aAnalysis of variance.

n = 3). All patient-centered outcome values were similar for the 
3 groups before implant insertion (Table 1).

Groups were significantly different following treatment for 
OHRQoL, with significantly increased scores at 12 mo (Table 2). 
Summary OHIP-EDENT scores were significantly lower for 
groups 1 and 2—main effect means (95% confidence interval): 
group 1, 3.0 (2.0, 3.9); group 2, 3.6 (2.5, 4.6); group 3, 7.0 (5.0, 
8.9)—indicating that the mini-implants resulted in slightly bet-
ter OHRQoL, regardless of their number. In general, each 
domain followed this trend, with significance between-group 
differences for all of them.

Mean values for most patient satisfaction and masticatory 
ability items were also higher following the treatment with 4 
mini-implants compared with standard implants (Table 3). 
Overall satisfaction and general masticatory ability ratings were 
significantly higher for treatment with 4 mini-implants—main 
effect means (95% confidence interval): satisfaction, 92 (88, 
96); masticatory ability, 89 (84, 94)—than for 2 standard 
implants—satisfaction, 80 (74, 87); masticatory ability, 74 (63, 
84)—with intermediate ratings for 2 mini-implants: satisfaction, 
90 (86, 94); masticatory ability, 81 (74, 89). Tested treatment 
exerted a similar effect for a few items, such as ease in speaking, 
comfort, and aesthetics. In general, results were significantly 
lower on the 12-mo follow-up regardless of the group.

BOCF analysis was performed for the primary outcomes 
summary by inserting data for the 14 withdrawn or lost 

participants, leading to nearly similar results (Tables 2 and 3). 
Pairwise comparisons revealed significant differences between 
groups 1 and 3 for the OHIP-EDENT and intermediate results 
for group 2. Patient satisfaction maintained exactly the same 
results as for complete cases.

At 12 mo, the frequency of lost mini-implants was 16 (of 
152) for group 1 and 15 (of 84) for group 2. Twelve mini-
implants (6/group) were lost before loading, whereas 19 failed 
at follow-up (group 1: n = 10; group 2: n = 9). A single standard 
implant failed (total: n = 80) due to a damaged implant- 
abutment connection. Implant survival rates were significantly 
different for the 3 groups (GEE, P = 0.004). Pairwise compari-
sons suggest similarity between groups 1 and 2 and a signifi-
cantly lower number for group 3. The survival rate of the 
initially placed mini-implants was 89% for group 1 and lower 
for group 2 (82%). Group 3 achieved a survival rate of 99%. 
All surviving implants were able to retain mandibular overden-
tures without presenting mobility or pain on percussion. Mini-
implants were successfully replaced for 2 participants in group 
1 (3 fixtures) and 7 participants in group 2 (11 fixtures).

A few overdentures fractured between 6 and 12 mo follow-
ing insertion of matrices, without between-group differences 
(group 1, n = 1; group 2, n = 2; group 3, n = 1; GEE, P = 0.810). 
Table 4 details other complications and peri-implant health 
parameters. Groups 1 and 2 presented a significantly lower 
plaque index compared with group 3 at the time of overdenture 
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insertion and following 6 and 12 mo. Peri-implant mucosal 
pain was significantly lower for group 1 at the 6-mo follow-up, 
as well as the number of substituted matrices after 12 mo. The 
occurrence of other prosthetic and peri-implant complications 
was similar among groups, as well as probing depth, bleeding 
on probing, and calculus. Regardless of the number of changed 
matrices in the 3 groups, nylon matrices used in group 3 seem 
more severely worn than O-rings used for mini-implants 
(Appendix Fig. 4 depicts representative cases).

Discussion
This trial found that mini-implant-retained mandibular over-
dentures achieve favorable results according to patient percep-
tions. Results for OHRQoL and patient satisfaction were more 
favorable than for a treatment with standard implants, at least 
when 4 mini-implants are inserted in the anterior ridge. The 
provision of mini-implants, however, was associated with a 
considerable implant failure rate, despite favorable results 
regarding patient-centered outcomes.

To our knowledge, this study is the first to compare patient 
perceptions after treatment with mini- or standard implants. 
The major impact of tested treatments on OHRQoL was 
expected, consequent to improved denture retention and stabil-
ity (Mundt et al. 2015). Interestingly, between-group compari-
sons showed better OHRQoL following the insertion of 
mini-implants. A likely explanation is the different behavior of 
attachment systems. The nylon matrices used for standard 

implants seem more susceptible to wear than the silicone 
O-rings used for mini-implants. Although the number of 
replaced matrices was comparable for groups 2 and 3, nylon 
matrices were often severely worn on follow-up sessions, 
whereas such an event was apparently more rare for silicone 
O-rings. Participants in group 1 had a lower percentage of sub-
stituted matrices during the study, as disclosed after 12 mo of 
overdenture wearing.

Results for separate domains can show the influence of spe-
cific aspects. Groups 1 and 2 tended to present fewer complaints 
regarding mastication, oral pain, and psychological discomfort 
than group 3. This implies that different attachment types may 
be more comfortable and promote better oral function as felt by 
patients. The better performance of group 1 regarding oral pain 
and discomfort may be a consequence of more implants, reduc-
ing denture mobility (Setz et al. 2000). A similar trend was found 
for social disability, although between-treatment differences 
were discreet. Such lower magnitude of differences was 
expected, as this domain describes the most severe impact of 
oral health detectable by the OHIP-EDENT (Allen and McMillan 
2003). In summary, results suggest that attachment systems’ per-
formance is a critical mediator of OHRQoL among mandibular 
overdenture wearers, influencing perceived function and com-
fort. Some degree of wear should be expected for tested attach-
ments after 6 mo due to factors such as compressive loading 
(Abi Nader et al. 2011) and continuous insertion-removal cycles 
(Chaves et al. 2015). O-rings used on mini-implants often  
exhibit a square-shaped mark corresponding to the mini-implant 

Table 2. Posttreatment Mean Results (95% Confidence Intervals) for Oral Health–related Quality of Life.

GEE, P Value

Item: Group 3 mo 6 mo 12 mo Groups Time Interaction

Summary score  
 1a 2.4 (1.5, 3.4) 1.9 (0.8, 2.9) 4.6 (3.1, 6.2) CD: 0.004 CD: <0.001 CD: 0.974
 2a 3.0 (1.9, 4.0) 2.6 (1.5, 3.6) 5.1 (3.3, 6.9) BOCF: 0.020 BOCF: <0.001 BOCF: 0.989
 3b 6.4 (3.9, 8.9) 5.5 (3.4, 7.6) 8.9 (6.5, 11.4)  
D1. Masticatory discomfort/disability  
 1a 0.6 (0.2, 1.1) 0.5 (0.1, 1.0) 1.1 (0.6, 1.7) 0.019 <0.001 0.945
 2a 0.7 (0.3, 1.0) 0.6 (0.1, 1.1) 1.4 (0.7, 2.1)  
 3b 1.8 (1.0, 2.6) 1.6 (0.8, 2.4) 2.5 (1.7, 3.4)  
D2. Psychological discomfort/disability  
 1a 0.4 (0.1, 0.6) 0.4 (0.1, 0.6) 1.1 (0.6, 1.6) 0.012 <0.001 0.903
 2a 0.5 (0.2, 0.8) 0.4 (0.0, 0.8) 1.2 (0.6, 1.8)  
 3b 1.5 (0.7, 2.2) 1.2 (0.5, 1.8) 2.3 (1.5, 3.1)  
D3. Social disability  
 1a 0.1 (0.0, 0.1) 0.1 (0.0, 0.2) 0.1 (0.0, 0.1) 0.004 0.136 0.307
 2ab 0.2 (0.0, 0.4) 0.1 (0.0, 0.2) 0.4 (0.1, 0.8)  
 3b 0.6 (0.1, 1.0) 0.4 (0.1, 0.7) 0.5 (0.2, 0.9)  
D4. Oral pain/discomfort  
 1a 1.3 (0.9, 1.7) 0.9 (0.5, 1.3) 2.4 (1.6, 3.1) 0.004 <0.001 0.483
 2a 1.6 (1.1, 2.2) 1.4 (1.0, 1.9) 2.1 (1.5, 2.6)  
 3b 2.6 (1.7, 3.4) 2.4 (1.7, 3.1) 3.6 (2.6, 4.5)  

Distinct letters represent significant between-group difference (P < 0.05). When the effect of time was significant, multiple comparisons observed 
significantly higher values at 12 mo and similarity between 3 and 6 mo.
BOCF, baseline observation carried forward; CD, complete data; D, domain; GEE, generalized estimating equation; group 1, 4 mini-implants; group 2, 
2 mini-implants; group 3, 2 standard implants.
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Table 3. Posttreatment Mean Results (95% Confidence Interval) Patient Satisfaction With Oral Health, Existing Dentures, and Mastication.

GEE, P Value

Items: Months Group 1 Group 2 Group 3 Groups Time Interaction

Satisfaction with dentures  
 Q1. Ease in cleaning  
  3a 94 (90, 98) 93 (89, 96) 91 (87, 95) 0.049 0.003 0.154
  6a 94 (91, 97)AB 93 (88, 98)A 88 (82, 94)B  
  12b 88 (83, 94) 91 (88, 94) 77 (67, 87)  
 Q2. Overall satisfaction  
  3a 94 (91, 98) 92 (88, 96) 82 (72, 91) CD: 0.027 CD: 0.009 CD: 0.883
  6a 95 (91, 100)A 90 (84, 97)AB 84 (76, 91)B BOCF: 0.033 BOCF: 0.007 BOCF: 0.956
  12b 86 (79, 93) 87 (80, 94) 76 (66, 85)  
 Q3. Ease in speaking  
  3 96 (93, 99) 94 (90, 97) 89 (81, 96) 0.062 0.183 0.887
  6 95 (93, 98) 94 (90, 98) 88 (82, 94)  
  12 90 (83, 96) 92 (87, 97) 84 (75, 93)  
 Q4. Comfort  
  3a 96 (94, 98) 89 (83, 94) 85 (78, 93) 0.096 0.030 0.616
  6ab 93 (89, 98) 91 (85, 96) 82 (73, 91)  
  12b 85 (78, 93) 84 (76, 92) 80 (70, 91)  
 Q5. Aesthetics  
  3a 96 (94, 98) 94 (88, 99) 89 (82, 97) 0.176 0.003 0.811
  6a 96 (93, 99) 96 (93, 99) 90 (85, 95)  
  12b 88 (81, 94) 92 (86, 98) 82 (72, 91)  
 Q6. Retention/stability: firmness  
  3a 93 (89, 97) 83 (75, 91) 76 (65, 86) 0.013 0.006 0.568
  6a 90 (85, 96)A 84 (75, 92)AB 76 (66, 86)B  
  12b 81 (72, 90) 80 (71, 89) 65 (53, 76)  
 Q7. Retention/stability: ease of removal  
  3 95 (92, 98) 93 (88, 99) 90 (84, 97) 0.182 0.790 0.180
  6 96 (93, 98) 93 (89, 98) 87 (80, 94)  
  12 88 (80, 95) 96 (94, 97) 90 (84, 96)  
 Q8. Retention/stability: anteroposterior  
  movement during chewing

 

  3 91 (86, 96) 84 (77, 92) 68 (56, 81) 0.006 0.099 0.219
  6 93 (88, 98)A 82 (72, 91)A 74 (64, 84)B  
  12 82 (73, 90) 84 (76, 92) 65 (53, 78)  
 Q9. Retention/stability: looseness during  
  chewing

 

  3a 94 (91, 97) 84 (77, 92) 73 (62, 85) <0.001 0.001 0.869
  6a 95 (92, 98)A 89 (81, 97)A 73 (62, 83)B  
  12b 86 (77, 94) 78 (68, 89) 59 (47, 72)  
 Q10. Retention/stability: looseness during  
  speech

 

  3a 95 (90, 99) 96 (95, 98) 87 (79, 96) 0.012 0.004 0.515
  6a 95 (91, 98)A 95 (92, 99)A 91 (86, 95) B  
  12b 89 (82, 96) 91 (85, 97) 75 (65, 86)  
 Q11. Retention/stability: misplacement  
  caused by tongue forces

 

  3a 93 (89, 97) 83 (74, 93) 84 (75, 93) 0.020 0.001 0.740
  6a 94 (89, 98)A 88 (80, 95)AB 79 (69, 89)B  
  12b 81 (71, 91) 76 (65, 87) 67 (54, 80)  
Masticatory ability  
 Q1. General ability  
  3 93 (89, 98) 81 (71, 90) 75 (62, 87) 0.025 0.243 0.267
  6 88 (80, 95)A 82 (73, 90)AB 78 (67, 89)B  
  12 87 (79, 94) 82 (73, 91) 68 (55, 81)  
 Q2. Soft bread  
  3ab 93 (89, 97) 84 (76, 93) 74 (64, 84) 0.004 0.034 0.474
  6a 93 (89, 97)A 87 (79, 95)AB 74 (63, 86)B  
  12b 85 (77, 93) 85 (76, 93) 66 (54, 78)  

(continued)
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cervical area as part of their wear pattern (Chaves et al. 2015), 
denoting compressive load transfer.

Although the 3 treatments clearly improve patient satisfac-
tion, group 1 performed significantly better than group 3 for 
overall satisfaction and almost all criteria regarding retention/
stability and mastication, whereas group 2 demonstrated inter-
mediate results. A likely explanation is the different number of 
implants and the differences between tested attachment sys-
tems. Although a previous study did not find differences com-
paring distinct numbers of implants for retaining overdentures 
(El-Sheikh et al. 2012), a bigger sample size in this study was 
the probable reason for rejecting the null hypotheses. Group 2 
achieved the best result for the “ease of cleaning” question, 
suggesting that mini-implants enable easier oral hygiene, in 
inverse association with the number of fixtures (Ribeiro et al. 
2015). Mean ratings for patient satisfaction items are compa-
rable with previous results (Ellis et al. 2009) and >75 mm for 
several questions, therefore corresponding to a high level of 
satisfaction (De Lucena et al. 2011).

The higher frequency of lost fixtures for groups 1 and 2 
highlight that biomechanical aspects are critical for mini-
implant. This was observed even if mini-implants were associ-
ated with less plaque and, in group 1, less mucosal pain. 
Previous studies on mini-implant-retained overdentures used 
longer fixtures than this trial, thus explaining their slightly 
higher success rates (Sohrabi et al. 2012; Mundt et al. 2015). 
However, replacing lost mini-implants drastically reduced the 
number of withdrawals, suggesting that replaced fixtures do 

not necessarily have higher odds of failure. Future studies 
should investigate if longer or wider mini-implants can com-
bine the versatility of 2.0 × 10.0–mm fixtures with better suc-
cess rates, mainly with reduced numbers of implants.

Among possible study limitations, the follow-up time 
deserves to be considered. We have focused on a time span of 
12 mo, whereas longer follow-up periods may result in impor-
tant information regarding some outcomes such as implant sur-
vival. Changes in OHRQoL and satisfaction were observed 
after 6 mo despite the provision of implant and prosthetic main-
tenance. This time effect may be associated with changes in 
patient perspectives (Allison et al. 1997), such as habituation to 
a new degree of denture retention, and should be carefully con-
sidered. Also, these changes are most likely distributed among 
study arms and do not weaken between-group comparison.

Another relevant aspect is the insertion of mini-implants 
following pericrestal incision for part of groups 1 and 2. 
Although a flapless surgery is associated with minimal postop-
erative pain and morbidity (Bidra and Almas 2013), this trial 
showed no significant effect of operative techniques on pain 
and discomfort during a 7-d period after implant insertion 
(Ribeiro et al. 2015). A comparison of long-term effects of sur-
gical techniques might be misleading, as long as procedures 
were chosen according to the mandibular ridge outline.

Withdrawn participants can also be a major source of bias. 
Despite the relatively low number of withdrawals, we further 
investigated their influence on results by BOCF analyses. The 
reassessment by that method reinforces the low risk of bias 

GEE, P Value

Items: Months Group 1 Group 2 Group 3 Groups Time Interaction

 Q3. Cheese  
  3a 95 (92, 98) 88 (80, 95) 82 (73, 91) 0.006 0.015 0.734
  6a 95 (92, 98)A 90 (83, 97)AB 80 (71, 90)B  
  12b 89 (82, 96) 85 (76, 93) 68 (56, 81)  
 Q4. Raw carrot  
  3ab 79 (69, 88) 75 (64, 86) 64 (50, 77) 0.086 0.007 0.966
  6a 85 (78, 92) 80 (70, 90) 67 (55, 80)  
  12b 71 (61, 82) 70 (58, 81) 59 (45, 73)  
 Q5. Beef  
  3ab 86 (79, 92) 81 (72, 89) 65 (54, 77) 0.005 0.005 0.870
  6a 91 (86, 96)A 84 (75, 93)A 70 (60, 81)B  
  12b 79 (70, 87) 78 (69, 88) 59 (47, 71)  
 Q6. Raw apple  
  3 88 (81, 95) 76 (65, 87) 67 (53, 81) 0.033 0.447 0.570
  6 88 (81, 96)A 79 (68, 90)AB 68 (55, 82)B  
  12 79 (70, 89) 78 (66, 89) 66 (52, 80)  
 Q7. Lettuce  
  3a 93 (89, 98) 93 (88, 98) 83 (73, 93) 0.029 0.008 0.582
  6a 92 (87, 98)A 91 (85, 97)A 87 (80, 95)B  
  12b 85 (78, 91) 87 (79, 94) 71 (60, 82)  

Distinct uppercase letters represent significant between-group difference, whereas lowercase letters represent between-time differences (P < .05).
BOCF, baseline observation carried forward; CD, complete data; D, domain; GEE, generalized estimating equation; group 1, 4 mini-implants; group 2, 2 
mini-implants; group 3, 2 standard implants; Q, question.

Table 3. (continued)
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Table 4. Peri-implant Health Parameters, Frequency of Pain around Implants, and Other Adverse Events/Complications throughout the Trial.

Time: Variable Group 1 Group 2 Group 3 GEE, P Value

Baseline  
 Plaque index, 0 to 3 scale† 0.5 (0.1)a 0.6 (0.1)a 0.8 (0.1)b 0.002*
 Calculus index, 0 to 3 scale† 0.02 (0.01) 0.06 (0.03) 0.05 (0.03) 0.373
 Bleeding on probing, %§ 33 (21.7) 14 (16.7) 21 (26.3) 0.512
 Probing depth, mm† 1.3 (0.1) 1.4 (0.1) 1.3 (0.1) 0.589
 Mucosal recession§ 0 0 0 n/a
 Pain, %§ 8 (5.3) 2 (2.4) 4 (5.0) 0.569
6 mo  
 Plaque index, 0 to 3 scale† 0.3 (0.1)a 0.4 (0.1)a 0.9 (0.1)b <0.001*
 Calculus index, 0 to 3 scale† 0.09 (0.04) 0.01 (0.04) 0.03 (0.04) 0.424
 Bleeding on probing, %§ 33 (23.4) 15 (19.7) 16 (21.1) 0.904
 Probing depth, mm† 1.5 (0.1) 1.4 (0.1) 1.7 (0.1) 0.185
 Mucosal recession, %§ 6 (4.3) 6 (7.9) 1 (1.3) 0.140
 Pain, %§ 0a 9 (11.8)b 12 (15.8)b 0.001*
 Missing matrix§ 0 0 0 n/a
 Worn matrix, %§ 109 (77.3) 66 (86.8) 66 (86.8) 0.224
 Substituted matrix, %§ 66 (46.8) 50 (65.8) 54 (71.1) 0.063
 Worn metallic capsule, %§ 0 1 (1.3) 1 (1.3) 0.366
 Substituted metallic capsule, %§ 1 (0.7) 0 0 0.601
 Worn patrix, %§ 0 1 (1.3) 0 0.603
 Broken/substituted patrix§ 0 0 0 n/a
 Difficulty inserting overdenture, %‡ 0 1 (2.6) 2 (5.4) 0.563
 Difficulty removing overdenture, %‡ 1 (2.8) 1 (2.6) 4 (10.8) 0.198
 Substituted maxillary denture, %‡ 0 0 1 (2.7) 0.054
 Worn maxillary denture, %‡ 1 (2.8) 0 0 0.119
12 mo  
 Plaque index, 0 to 3 scale† 0.3 (0.1)a 0.2 (0.1)a 0.7 (0.1)b 0.011*
 Calculus index, 0 to 3 scale† 0.03 (0.02) 0.03 (0.02) 0.02 (0.02) 0.864
 Bleeding on probing, %§ 39 (29.3) 15 (20.8) 21 (30.0) 0.319
 Probing depth, mm† 1.7 (0.1) 1.8 (0.1) 2.0 (0.2) 0.279
 Mucosal recession, %§ 8 (6.0) 4 (5.6) 3 (4.3) 0.796
 Pain, %§ 1 (0.8) 5 (6.9) 6 (8.6) 0.338
 Missing matrix§ 0 0 2 (2.9) 0.602
 Worn matrix, %§ 106 (79.7) 57 (79.2) 59 (84.3) 0.672
 Substituted matrix, %§ 55 (41.4)a 49 (68.1)b 47 (67.1)b 0.017*
 Worn metallic capsule, %§ 0 4 (5.6) 0 0.250
 Substituted metallic capsule, %§ 1 (0.8) 0 0 0.748
 Worn patrix, %§ 0 2 (2.8) 0 0.602
 Broken/substituted patrix§ 0 0 1 (1.4) 0.601
 Difficulty inserting overdenture, %‡ 2 (5.7) 1 (2.8) 0 0.223
 Difficulty removing overdenture, %‡ 1 (2.9) 0 0 0.602
 Substituted maxillary denture, %‡ 0 1 (2.8) 1 (2.9) 0.367
 Worn maxillary denture, %‡ 1 (2.9) 0 1 (2.9) 0.368

Baseline values were collected before insertion of attachment matrices and 3 mo following insertion of mini-implants for groups 1 and 2. For group 3, 
the same assessment took place 3 mo after insertion of ball abutments.
GEE, generalized estimating equation; group 1, 4 mini-implants; group 2, 2 mini-implants; group 3, 2 standard implants.
†Estimated mean values (SE).
*Significant difference (P < 0.05). Distinct letters represent significant differences between groups.
§Number of evaluated implants or corresponding attachment components (baseline: group 1, 152; group 2, 84; group 3, 80; 6 mo: group 1, 141; group 
2, 76; group 3, 76; 12 mo: group 1, 133; group 2, 72; group 3, 70).
‡Number of evaluated participants (baseline, 120; 6 mo, 113; 12 mo, 106).

associated with this trial (Liu-Seifert et al. 2010). The impos-
sibility of blinding some parts of the trial was compensated by 
doing so whenever possible—namely, via the researcher 
responsible for collecting patient-centered outcomes and via 
the data analyst. Last, any difference found is unlikely associ-
ated with baseline differences, as the allocation followed ran-
dom numbers, which were concealed until implant insertion.

In conclusion, mandibular mini-implant-retained overden-
tures can achieve results at least comparable with the standard of 
care for edentulism, according to the patient perspectives. The 
insertion of 4 mini-implants results in superior OHRQoL and 
patient satisfaction as compared with 2 mini- or standard 
implants. A major issue for using mini-implants, however, is their 
lower implant survival rate compared with standard fixtures.
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