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Abstract: The purpose of this multicenter randomized controlled trial was to compare the clinical,
radiographic, and patient-centered outcomes of early loaded mandibular overdentures deliberately
placed on two or three implants. The outcomes were: implant and prosthesis success and survival
rates; biological and technical complications; marginal bone loss; patient satisfaction; and periodontal
parameters. The results showed no differences between the groups in any of the outcomes analyzed.
With the limitations of the present study, and looking at long-term follow-up, the gold standard
of prosthetic rehabilitations with attachments, in agreement with the scientific community, should
prefer two non-splinted implants.

Keywords: overdenture; attachment systems; OT Equator; implant number; dental implant; complete
removable prosthesis

1. Introduction

Today completely edentulous patients with atrophic mandible or maxilla more fre-
quently ask for fixed rehabilitations. Nevertheless, overdenture with implants retentions
represent one of the best solutions to achieve an optimal masticatory and phonetic func-
tion and to satisfy the higher esthetic request. According to McGill consensus statement,
implant-retained overdentures (IRO) have become a standard option for the prosthetic
treatment of the edentulous jaws, both with immediate and the delayed loading proto-
cols [1]. The stable anchoring of implant overdenture contributes importantly to these
successful results. Two- to four-implant–retained mandibular overdentures have been
proven to be a successful treatment option for edentulous patients, allowing sufficient
retention and support [2,3]. Placement of three or more implants should increases retention
and constitutes an angular relationship instead of a straight-line relationship. Despite
that, there is a lack of studies evaluating the ideal number of implants to retaining an
overdenture [2].
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A recent meta-analysis demonstrated no statistically significant differences between
splinted and unsplinted attachment systems with regard to marginal bone loss, complica-
tions, and implant survival rate [4]. For the latter, unsplinted implants should be considered
the gold standard. Several attachment systems have been developed [5,6]. Among these,
retentive anchor with titanium matrix and locator may be a better choice from a finan-
cial point of view, taking into consideration the initial low cost of the components and
also the reduced number of complications. In a long term retrospective analysis, implant
overdenture showed high implant and prosthetic survival rates, low complications, high
patient satisfaction, and good biological parameters. Within these, low-profile attachments
showed lower number of complications [5].

The purpose of this randomized controlled trial, is to compare implant and prosthetic
success and survival rates, biological and technical complications, marginal bone loss,
patient satisfaction, and peri-implant tissue health between two or three non-splinted
implant-supported overdentures. The hypothesis was that there were no differences
between the groups.

2. Materials and Methods

This study was structured as a multicenter randomized controlled trial with parallel
groups. Patients, in the present study, presented with a completely edentulous mandible,
required overdenture prosthetic rehabilitation with implants.

They were enrolled and treated in seven public and private centers in Europe between
December 2017 and November 2018. This study was conducted in accordance with the
principles outlined in the 1964 Declaration of Helsinki for Biomedical Research Involving
Human Subjects, as amended in 2013, and received ethical approval from the coordinating
center located in Albania (protocol number 4/2018). Patients were duly informed about the
nature of the study. A written informed consent form for surgical and prosthetic procedures,
as well as for the use of clinical and radiological data, was obtained for each patient. This
research was registered on Clinical trial.gov (NCT03640910), and the manuscript was
written according to CONSORT guidelines.

At the time of enrollment, healthy individuals, aged 24 years or older, with a com-
pletely edentulous mandible or deficient dentition in the mandible, scheduled to receive an
implant-supported overdenture again were considered.

Exclusion criteria were general contraindications to oral surgery, pregnancy, or lactation, in-
travenous bisphosphonate therapy, alcohol or drug abuse, heavy smoking (≥20 cigarettes/day),
radiation therapy to the head or neck region within the past five years, parafunctional activity,
untreated periodontitis, psychiatric therapy, or unrealistic expectations, immunosuppressed
or immunocompromised, lack of opposing teeth/occluding dentition in the area intended for
implant placement, acute infection in the area intended for bone augmentation and implant
placement, poor oral hygiene and motivation, patients participating in other studies, and allergy
or adverse reaction to restorative materials.

For initial screening and evaluation, preoperative photographs, orthopanoramic ra-
diographs, and periodontal status were obtained.

Severely compromised tooth elements were extracted three months prior to implant
placement and finalization of the new temporary complete removable denture.

On the day of surgery, a single dose of an antibiotic (2 g amoxicillin or 600 mg
clindamycin or 500 mg azithromycin or clarithromycin if allergic to penicillin) was admin-
istered 1 h before implant placement.

Immediately before surgery, participants rinsed with 0.2% chlorhexidine mouthwash
for 1 min. Local anesthesia prescribed by the surgeon was administered. The flapless proce-
dure or a minimally invasive mucoperiosteal flap was lifted. Then, patients were randomly
assigned to receive two (control group) or three (test group) non-splinted implants.

Implants were placed in the interforaminal region of the mandible according to a
one-stage approach. Any brand of implants that provide OT-Equator OT attachments
(Rhein83, Bologna, Italy) was placed according to the manufacturer suggestions, in order
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to achieve an insertion torque of at least 35 N cm. The implant lengths were dictated by the
preoperative radiographs. Jaw bone quality was rated during the dental implant surgery,
by the tactile resistance during drilling.

After surgery, the patients were instructed to avoid brushing and trauma at the surgical
site. A post-surgical cold and soft diet was recommended. Smokers were recommended
to avoid smoking for 2 weeks postoperatively, and oral hygiene instructions were given
(Chlorhexidine 0.12% rinses 3 times/day). Analgesics (600 mg of ibuprofen or other) were
prescribed as needed. Sutures (if present) were removed after 10 days.

The prosthetic procedures began eight weeks after implant placement. All the patients
received reliable, fully extended impressions of both jaws taken using a replica of the
patient’s removable denture, rebased with polysulfide-based or polyether material. The
master cast was poured with low expansion, class IV gypsum. Master cast and antagonists
were mounted in a semi adjustable articulator using the actual functional occlusion of
the patient. Then, a diagnostic prosthetic setup was made and tried-in the patient’s
mouth, in which the functional and aesthetic parameters were checked. A definitive metal
reinforced, complete removable denture was delivered in both groups within four weeks
after second surgery.

After tissue healing was complete, low-profile OT Equator attachments (Rhein83)
were screwed onto the implants using the OT Equator Square Screwdriver (Rhein83),
with a torque range of 22–25 N cm, as specified by the manufacturer. The heights of the
attachments ranged from 0.5 to 7.0 mm, depending on the height of the transition zone
of each implant, which was easily measured using the colored Tissue Height Measurer
Gauge (Rhein83) after removal of the healing screw. Next, spaces to accept the steel cage
of the female housing were prepared in the mounting surface of the removable complete
mandibular prosthesis, including small holes between the created space and the surface
of the prosthesis to allow resin to escape. Silicone protective discs (Rhein83) were placed
over the OT Equator attachments. Extra-soft retentive copings (yellow, 600 g) were initially
inserted into the female steel housing, attached to the OT Equator, and finally secured
to the prosthesis using self-curing acrylic resin while the patient held the prosthesis in
occlusion, in a direct manner. When polymerization was complete, the prosthesis was
removed and the silicone discs were removed. Excess acrylic was finished with laboratory
burs, and the prosthesis was polished with laboratory grommets. One month after delivery
of the prosthesis, the yellow retentive plugs were replaced with a stronger-grip type (pink,
1200 g).

In both groups, the occlusion was developed to provide a lingualized occlusion with
balanced contacts during function, avoiding any premature contact. However, when the
opposing arch was a removable complete denture, the over-jet had to be left deliberately
wide, two to five mm to avoid interference during function. Instructions were given to
patients and recall visits were scheduled for occlusal adjustments and oral hygiene quality
control every six months and, for retentive cap replacement, every year.

Outcome measures were: implant and prosthetic success and survival rate; biological
and technical complications; marginal bone loss; and patient satisfaction (Oral Health
Impact Profile, OHIP-22).

- Implant failure was considered if it exhibited mobility, assessed by tapping or swing-
ing the implant head with the metal handles of two instruments, progressive marginal
bone loss or infection, and any mechanical complication that rendered the implant
unusable, although still mechanically stable in bone.

- A prosthesis was considered a failure if it presented evidence of reprocessing except for
accepted maintenance (includes patrice/matrix activation/repair/replacement, with
a limit of two patrice or matrix replacements in the first year and five replacements in
five years, and one relining of the base of the overdenture in five years).

- Complications: Any biological (pain, swelling, suppuration, etc.) and/or mechanical
(attachment loosening, fracture of the denture’s base and/or fracture or detachment
of the teeth) complications were evaluated.
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- The marginal bone levels were evaluated using digital or conventional intraoral
periapical radiographs taken with the parallelism technique by means of the Rinn
centering device, at implant placement, at loading (baseline), and one year after
loading. Radiographs were accepted or rejected for evaluation based on the clarity of
the implant wires. All legible radiographs were uploaded in jpeg format to an image
analysis software package (ImageJ; National Institutes of Health, http://imagej.nih.
gov/ij, accessed on 27 August 2021) that was calibrated using the known length or
diameter of the dental implants and displayed on a 24 in LCD screen (iMac, Apple,
Cuppertino, CA, USA) and evaluated under standardized conditions (ISO 12646:2004).
The marginal bone levels were determined from linear measurements performed by
two independent (semi-blinded) trained examiners on each periapical radiograph,
from the mesial and distal margin of the implant neck to the most coronal point where
the bone appeared to be in contact with the implant.

- Quality of life was assessed by the Oral Health Impact Profile (OHIP-19; Allen and
Locker 2002) questionnaire, which was completed by the participants. The question-
naire consisted of seven subscales FL = Functional limitation, P1 = Physical pain,
P2 = Psychological discomfort, D1 = Physical disability, D2 = Psychological disability,
D3 = Social disability, H = Handicap, with two to three questions each. Partici-
pants chose from five possible responses for each question as follows: 4 = very often;
3 = fairly often; 2 = occasionally; 1 = hardly ever; 0 = never/do not know. Lower OHIP
total scores were suggestive of improvement in oral health-related quality of life. The
questionnaire was administered before treatment and one month and one year after
definitive prosthesis delivery by a blinded examiner.

- Bleeding index and plaque index were evaluated at four sites around each implant-
abutment interface at baseline and at the one-year after loading examination with a
dedicate periodontal probe.

Statistical Analysis

Statistical analysis was developed in order to find differences between groups. A priori
sample size calculation was performed on-line (https://clincalc.com/stats/samplesize.
aspx, accessed on accessed on 27 August 2021) basing of a preliminary report [6], given:
alpha 0.05 beta 0.2; and power 0.80. The total sample size was 44 patients for each group.
Twenty centers were involved with six patients each. Of these, three patients to be treated
with two implants, and same number of patients to be treated with three implants. Data
was planned to be collected at 1, 3, and 5 years after loading.

Data were recorded in a spreadsheet (Numbers for Mac OS X). A statistician with
expertise in dentistry analyzed the data using the same software. Descriptive analysis
was performed for numeric parameters using mean ± standard deviation with confidence
interval (95% CI). Differences in the proportion for dichotomous outcomes (patients with
implant failures, prosthesis failures, and complications) were compared using the Fisher’s
exact. Differences of means at patient level for continuous outcomes (OHIP, marginal bone
loss, BoP. and PI) were compared by independent sample t tests. All statistical analyses
were performed at patient level and conducted at a 0.05 level of significance.

3. Results

Thirty-seven patients were screened for eligibility, but only 34 participants were
consecutively enrolled in the trial by the seven participating centers. Three patients refused
to participate. Each center was supposed to enroll six patients (three patients in each
group), but five centers out of seven did not enroll all the patients. In particular, two centers
recruited six patients; two centers recruited five patients; two centers recruited four patients;
and only one center recruited three patients. Finally, 14 patients were randomized in the test
group (42 implants) and 20 patients were randomized in the control group (40 implants). No
patients dropped out after randomization at the one-year examination. The main baseline

http://imagej.nih.gov/ij
http://imagej.nih.gov/ij
https://clincalc.com/stats/samplesize.aspx
https://clincalc.com/stats/samplesize.aspx
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patients’ and implants’ characteristics of the 34 patients that were actually randomized are
presented in Table 1.

Table 1. Main patients and implants characteristics.

Test Group (n = 14) Control Group (n = 20) p Value

Numero of implants 42 40 -
Sex (M/F) 6/8 3/17 0.1157

Age (years) 70.9 68.7 0.0152
Smoke 4 2 0.2022

Bone quality
Type I/II 7/7 10/10 0.7290

Mean implant length (I) 10.0 9.7 0.6497
Mean implant diameter (I) 3.8 3.8 0.7954
Mean implant length (II) 10.1 9.8 0.6604

Mean implant diameter (II) 3.9 3.8 0.4323
Mean implant length (I) 9.7 - NA

Mean implant diameter (I) 3.9 - NA

There were no significant baseline imbalances between the two groups.

3.1. Implant and Prosthesis Failures

At the one-year follow-up, two implants failed in the test group, one at each center,
while no implants were lost in the control group. The difference was not statistically
significant (p = 0.4941). Both patients lost the middle implant before loading (failed
osseointegration). The implants were replaced 3 months later with no other complica-
tions/failures. In the meantime, the patient wore the prosthesis attached to the other
two implants/attachments. At the one-year follow-up, no prostheses failed in both groups
(p = 1.0).

3.2. Complications

At the one-year follow-up, three complications were experienced in the control group,
while, only one complication was experienced in the test group. In the control groups,
three complications were experienced at two centers. All of these complications were early
loss of retention of the caps (first month). At the center two and seven, one patient each
showed an early loss of retention of the caps (first two weeks). The yellow retentive caps
were replaced chairside with a stronger type. In the control group, one patient showed an
early loss of retention of the middle cap that was treated for the control group. Comparison
of complications were not statistically significant (0.6272). Comparison of mean marginal
bone loss, OHIP, mean BI, and PI are reported in Table 2. There were no statistically
significant differences between groups in any of the tested secondary outcomes.

Table 2. Comparison of MBL, OHIP, BI, and PI between groups.

Mean Value Groups Baseline
Mean ± SD

1-Year
Mean ± SD

Difference
Mean ± SD

MBL (mm) Test (n = 14) 0.04 ± 0.07 0.14 ± 0.13 0.10 ± 0.08
Control (n = 20) 0.01 ± 0.02 0.11 ± 0.07 0.10 ± 0.07

p Value 0.052 0.374 0.890

OHIP
Test (n = 14) 61.8 ± 5.8 26.4 ± 5.5 38.1 ± 9.9

Control (n = 20) 60.4 ± 7.6 22.3 ± 6.2 35.36 ± 6.97
Difference 0.567 0.051 0.378

BI
Test (n = 14) - 0.11 ± 0.14 -

Control (n = 20) - 0.06 ± 0.10
p Value 0.183 -

PI
Test (n = 14) 0.15 ± 0.13 -

Control (n = 20) 0.12 ± 0.12
p Value 0.485 -
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4. Discussion

The present randomized controlled trial was aimed to compare implant and prosthetic
success and survival rate, biologic and technical complications, marginal bone loss, patients’
satisfaction, and peri-implant tissue health between three (Figure 1) or two (Figure 2) un-
splinted, implant-retained, overdentures. The null hypothesis that there are no differences
between groups can be accepted.
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Looking at the maxilla, the ideal number of implants required to retain an overdenture
is yet to be clarified. However, the greater trend is to place at least four implants, splinted
or not, in order to ensure a higher survival rate of implants, regarding stress distribu-
tion [7]. In the mandible, Pisani et al. [8], in an in vitro study on 3D finite element models
of mandibular overdentures, demonstrated that the two-implant-retained overdentures
exhibited lower stresses than the single- implant-retained overdentures. A similar study
was conducted by Liu et al. [9] concluding that placing a third implant placed between the
classical two did not eliminate denture rotation around the fulcrum line. In addition, no
strain concentration was found in cortical bone around the middle implant. These results
are in agreement with another in vitro research revealing that the bone was insensitive
to the number of implants or attachment type. After this observation, the authors recom-
mended to use two implants in the canine region. The results of the present research are
in agreement with the aforementioned studies, confirming that there are no benefits to
placing one more implant, at least one year after loading.

Looking into the future, a possible benefit to place three implants could be to remake
the implant-retained overdenture with an implant-supported restoration, both fixed or
hybrid (fixed/removable). The so called “Exit Strategy” allows to move from a removable
to fixed denture, limiting the biologic and economic impact for the patients. In this way, the
OT Equator attachments can work both as an attachment system and as an intermediate
abutment for fixed restorations [10–13].

The main limitation of the present study was the small sample size and the kind of
implant used, which may influence the primary and secondary outcome variables.

This happened most likely due to the COVID-19 pandemic, which poses as a life-
threatening risk to elderly patients, particularly when affected by co-morbidities and/or
fragilities [14]. This allowed to enroll a minor number of patients compared to the exerted
sample. Nevertheless, although the number of patients was unbalanced, a total of 34 pa-
tients were treated up to one year after loading, with no unbalancing between patients’
and implants’ characteristics. Most of the researches aimed to find the optimal number of
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implants to retain an overdenture were conducted in vitro. On the contrary, this is one of
the few in vivo, randomized, and controlled trials.

5. Conclusions

There are no differences in all the investigated outcomes. Waiting for further studies,
it is possible to conclude that adjunctive implant besides the two to retain an implant
overdenture are not needed.
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