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Abstract

Objective To assess the clinical and radiographic outcomes of overdentures and their retaining dental mini-implants, based
on a single-arm systematic literature review.

Methods Electronic search was undertaken in three databases, last updated in October 2023, plus manual search of journals.
Cumulative implant survival rate (CSR) and the estimated marginal bone loss (MBL) under different follow-up times were
calculated.

Results Thirty-nine studies were included, with 3,787 mini-implants supporting 1,026 overdentures (109 maxilla, 896 man-
dible) in 1,005 patients, with a mean follow-up of 28.1+19.8 months (min-max 0.3—84.0). 202 mini-implants failed, after
a mean of 9.4+ 11.8 months (7-year CSR 91.4%). The implant survival was lower in the maxilla in comparison to the man-
dible (p<0.001), lower for early/delayed-loaded in comparison to immediately-loaded implants (p=0.005) and lower for
2-mini-implant in comparison to 4-mini-implant-retained mandibular overdenture (p<0.001; Log-rank test). A high rate of
transversal fracture of the prosthesis and wear of the attachment parts was observed. The estimated mean MBL gradually
increased from 0.518 (<6 months) to 1.260 mm (58.8-90 months). There was an estimated MBL increase of 0.011 mm per
additional month of follow-up.

Conclusion Although presenting a high 7-year CSR, mini-implant-retained overdentures may require frequent maintenance
follow-ups, due to the high rate of technical complications. The estimated MBL of mini-implants over 80 months is low.
Clinical relevance The ability to anticipate outcomes is an essential part of risk management in clinical practice. The findings
reported herein set some recommendations and potential strategies for minimizing failures and complications commonly
associated with this mini-implant-retained overdentures.

Keywords Mini-implant - Overdenture - Failure - Marginal bone loss - Technical complications - Systematic review -
Meta-analysis

Introduction

Most countries in the world are presenting growth in the
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(16.4%) by 2050, up from one in 11 in 2019 (9.7%) [1].
And the older one gets, the higher the risk of edentulism.
Although the rates of edentulism have been slowly falling in
some countries [2], the prevalence of edentulism is still very
high among the elderly, as these are at greater risk for poor
oral health and tooth loss as compared with those <65 years
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global prevalence of edentulism among individuals aged 45
or older is 22% [4].

With the edentulism comes the resorption of the alveolar
socket and volume decrease of the jaw bone [5, 6], a process
that continues even after patients begin to wear removable
complete dentures [7], all of which can significantly alter
the shape of the jaws [8].

The lack of enough bone volume for the placement of tra-
ditional, normal-diameter implants in the edentulous jaws
leaves some options for oral prosthetic rehabilitation. One
would be the removable complete denture, that lies directly
on the gingiva/mucosa of the edentulous alveolar ridge,
which is a cheap, straightforward process to manufacture,
and easy to maintain by the patient, but which can bring
discomfort, become loose, and the patient may have prob-
lems to adapt to it [9]. The edentulous patient’s chewing
capacity and bite force remain both impaired, as this type
of prosthesis may become unstable or lack retention due to
poor availability of residual bone [10]. Moreover, remov-
able complete dentures can give rise to lesions of the oral
mucosa [11].

Another option would be to graft the alveolar ridge with
additional bone to create sufficient bone volume for the
placement of implants of conventional diameter [12, 13].
However, these interventions are invasive and subject to
intraoperative and postoperative complications, such as
exposure of the grafted material, infection, neurosensorial
disturbances, hemorrhage, pain, among others [14], besides
being costly for the patient.

The use of mini-implants would be a third alternative.
Mini-implants consist of a dental implant that is fabricated
with a reduced diameter, up to 3.0 mm [15], while narrow or
conventional diameter implants have a diameter greater than
3.0 mm. As advantages, the placement of mini-implants is
simpler and less invasive, and the entire procedure is also
less time-consuming in comparison to the installation of
implants of wider diameter [16]. Moreover, due to their
narrow diameter, mini-implants can be placed in jaw sites
with less bone volume and less thickness, minimizing the
need for bone grafting procedures in atrophic ridges. Fur-
thermore, the cost of mini-implants is significantly less than
implants with wider diameters [17]. In relation to remov-
able complete denture, patients rehabilitated with overden-
tures retained by mini-implants are more satisfied, due to
increased retention and stability of the prosthesis, increased
mastication efficiency, improved comfort, and security in
social life [10, 18, 19].

However, there are potential problems and complications
associated with the use of mini-implants to support overden-
tures. These implants present a higher risk of fracture, due
to its narrow diameter [20], as well as due a less-than-ideal
balanced distribution of the forces of mastication in this
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type of prosthesis, leading to a high stress concentration on
implants that are nearest to the place of loading [21]. More-
over, narrow-diameter implants may be associated with
greater marginal bone loss in comparison to standard-diam-
eter implants [22]. In addition, elderly individuals, who are
more prevalently rehabilitated with implant-supported over-
dentures, usually present an increase in cognitive and physi-
cal disabilities, which can lead to poor oral hygiene [23].
Poor oral hygiene is suggested to be a risk for peri-implant
health, leading to chronic inflammation and ultimately to
loss of implants [24]. Other systematic reviews separately
assessed the clinical outcomes of mini-implant-retained
overdentures in the maxilla and in the mandible. These
reviews reported a lower survival rate for mini-implants in
the maxillary cases (77.1%, mean follow-up of 1.79 years)
[25] than the mandibular ones (95.6%, mean follow-up time
of 28.2 months) [26]. However, the authors of these reviews
reported plain survival rates, without properly looking into
the time factor. Moreover, the radiographic outcomes were
not assessed.

The purpose of the present study was to assess the clini-
cal and radiographic outcomes of maxillary and mandibular
overdentures and their retaining dental mini-implants, based
on a systematic review of the literature.

Materials and methods

This single-arm systematic review followed the PRISMA
Statement guidelines [27]. The review was registered in
PROSPERO (CRD42023487478).

Research question

The focused question was: What is the failure rate, the
prevalence of technical complications, and the estimated
mean marginal bone loss of dental mini-implants and mini-
implant-retained overdentures used for the rehabilitation of
patients with edentulous jaws?

Search strategies

An electronic search without time restrictions was firstly
undertaken in August 2022, last updated in October 2023, in
the following databases: PubMed/Medline, Web of Science,
and Scopus. The following terms were used in the search
strategies:

(“mini-implant” OR “mini dental implant” OR “small
diameter dental implant” OR “small diameter implant” OR
“small dental implant” OR “narrow diameter dental implant”
OR “narrow diameter implant” OR “narrow dental implant”
OR “provisional implant” OR “temporary implant”) AND



Clinical Oral Investigations (2025) 29:164

Page3of 14 164

(overdenture OR “coping prosthesis” OR “overlay prosthe-
sis” OR “overlay denture” OR “full denture” OR denture
OR “complete denture”).

A manual search of the following journals was per-
formed: Clinical Implant Dentistry and Related Research,
Clinical Oral Implants Research, European Journal of Oral
Implantology, Implant Dentistry, International Journal of
Implant Dentistry, International Journal of Oral and Max-
illofacial Implants, International Journal of Oral Implan-
tology, International Journal of Prosthodontics, Journal
of Clinical Periodontology, Journal of Oral Implantology,
Journal of Periodontology, Journal of Prosthetic Den-
tistry, Journal of Prosthodontics, Journal of Prosthodontic
Research. The reference list of the identified studies and the
relevant reviews on the subject were also checked for pos-
sible additional studies.

Inclusion and exclusion criteria

Eligibility criteria included clinical human studies, either
randomized or not, interventional or observational, report-
ing case series of patients rehabilitated with mini-implant-
retained overdenture. Case reports were also considered,
provided that follow-up information was reported. Implants
of titanium (c.p.Ti) or its alloys were included.

The following cases were excluded: (1) patients receiv-
ing overdentures retained/supported simultaneously by teeth
and implants; (2) case series report from which no individ-
ual patient data could be extracted; (3) partial overdentures;
(4) cases with no prosthetic follow-up— cases with follow-
up time only between the implant placement and prosthesis
installation were not considered as the main aim of the pres-
ent review was to evaluate the prosthetic phase; (5) studies
suspected to present duplicated cases, usually originating
from clinical series from the same service or university, but
in different articles/publications; (6) case series studies with
shorter follow-up time will not be considered, provided that
a longer follow-up publication will be available; (7) case
series of patients treated for head and neck cancers and/
or ablative surgery of the jaws, as these cases are already
expected to present an increased failure rate of implants
[28], and also due to the fact that the clinical outcomes for
these cases could strongly deviate from patients not in the
same situation, due to, for example, osteoradionecrosis,
constant ulceration of the oral mucosa, xerostomia, among
others [29, 30].

Study selection
The titles and abstracts of all reports identified through the

electronic searches were read independently by the authors.
For studies appearing to meet the inclusion criteria, or for

which there were insufficient data in the title and abstract
to make a clear decision, the full report was obtained. Dis-
agreements were solved by discussion between the authors.

RefWorks Reference Management Software (Ex Libris,
Jerusalem, Israel) was used in order to detect duplicate ref-
erences in different electronic databases.

Quality assessment

Quality assessment was executed according to the Quality
Assessment Tool of the National Institutes of Health [31].
The NIH quality assessment tool calculates the study qual-
ity on the basis of nine criteria. The ratings on the different
items were used by the reviewers to assess the risk of bias
in the study due to flaws in study design or implementa-
tion. The studies were classified as “good,” “fair,” or “poor”
quality. In general terms, a “good” study has the least risk of
bias, and results are considered to be valid. A “fair” study is
susceptible to some bias deemed not sufficient to invalidate
its results. The fair quality category is likely to be broad,
so studies with this rating will vary in their strengths and
weaknesses. A “poor” rating indicates significant risk of
bias. Studies of “good” quality were judged to have at least
7 points.

Quality assessment of the included case report publica-
tions was carried out according to the 13-item CARE guide-
lines [32] were used for the quality assessment of the case
report articles. A score of 1 was given for each item outlined
in the CARE guidelines, with a maximum score of 30 for a
case report. A score of 30 represents the highest quality, and
two-thirds or more of the points are considered high quality.

The reviewers went together through all the items of the
NIH quality assessment tool for five case-series studies as
an initial calibration, after which the quality assessment was
carried out independently by the reviewers. Any disagree-
ment was resolved by discussion between the authors. All
the reviewers performed together the quality assessment
of the case report publications, due to the small number of
included publications of this type.

Definitions

A mini-implant was defined as a dental implant that is fabri-
cated with a reduced diameter (up to 3.0 mm) with the same
biocompatible material as compared with standard dental
implants [15].

An implant was considered a failure if presenting signs
and symptoms that led to implant removal, i.e., a lost
implant. Implant failure could be either early (the inad-
equacy of the host to establish or promote osseointegration
in the early stages of healing) or late (the failure of either the
established osseointegration or function of dental implants)
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[33]. Fracture of an implant was also considered as a failure
[20].

A mini-implant-retained overdenture was defined any
removable dental prosthesis that covers and rests on one or
more dental mini-implants.

An overdenture was considered a failure in the follow-
ing situations: (1) loss of the supporting implant(s); (2) new
implants were placed in the jaw in order to support a fixed
full-arch prosthesis; (3) change of attachment system; and
(4) complete transverse fracture of the overdenture.

MBL was defined as loss, in an apical direction, of alveo-
lar bone marginally adjacent to the dental implant, in rela-
tion to the marginal bone level initially detected after the
implant was surgically placed [34]. Studies using the long-
cone parallel technique for periapical radiographs were
considered.

Data extraction

From the studies included in the final analysis, the follow-
ing data was extracted: number of patients, patients’ age and
sex, implant healing period, number of supporting implants
per overdenture, implant surface modification, number of
attachments per overdenture, type of attachment used, use
of a metal structure/cast mesh for reinforcement of the pros-
thesis, occurrence of implant and/or prosthesis failure, time
from implant/prosthesis installation to failure, occurrence of
technical complications, follow-up time.

Information on the following technical complications
was collected, when available: fracture of acrylic teeth, frac-
ture of prosthesis acrylic base, complete transverse fracture
of the overdenture, attachment male or female part loose,
attachment female part fracture or worn out, replacement
of attachment components, overdenture relining, implant
fracture.

Contact with authors for possible missing data was
performed.

Analyses

The mean, standard deviation (SD), and percentage were
calculated for the aforementioned variables, whenever suit-
able. The test performed were the following: Kolmogorov—
Smirnov (to evaluate the normal distribution), Levene’s
test (to evaluate homoscedasticity), Student’s t-test or
Mann-Whitney (for two independent groups, continuous
variables), Pearson’s chi-squared or Fisher’s exact test
(for categorical variables). The log-rank (Mantel-Cox) test
was used to compare the survival distributions of implants
between the maxilla and the mandible. The interval sur-
vival rate (ISR) of implants and prosthesis was calculated
using the information for the period of failure retrieved
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from the included studies, and the cumulative survival rate
(CSR) was calculated over the maximal period of follow-
up reported, in a life-table survival analysis. The degree of
statistical significance was considered p<0.05. These data
were statistically analyzed using the SPSS version 28 soft-
ware (SPSS Inc., Chicago, IL, USA).

A meta-analysis applying the DerSimonian-Laird ran-
dom-effects method (DerSimonian and Laird, 1986) was
performed to calculate the estimated MBL under different
follow-up times. The I? statistic was used to express the per-
centage of the total variation across studies due to heteroge-
neity, with 25% corresponding to low heterogeneity, 50%
to moderate and 75% to high. A meta-regression assessing
the relationship between mean MBL and follow-up was per-
formed. The data were analyzed using the statistical soft-
ware OpenMeta[ Analyst] [35].

Results
Literature search

The study selection process is summarized in Fig. 1. The
search strategy in the databases resulted in 2,466 papers
(432 in PubMed/Medline, 110 in Web of Science, 1,924
in Scopus). A total of 386 articles were cited in more than
one database (duplicates). The reviewers independently
screened the abstracts for those articles related to the aim of
the review, leading to the exclusion of 1,927 articles as the
studies were not related to the subject. Of the resulted 153
studies, 114 were excluded due to one or more reasons for
exclusion, according to the exclusion criteria. Hand-search-
ing of journals and of the reference lists of selected studies
yielded 2 additional papers, not eligible though. Thus, 39
studies were included in the review [10, 18, 19, 36-71].

Description of the studies

Detailed data on every publication is presented in Table S1,
in the Supplementary Material. Table 1 presents the sum-
marized global data of the included studies, also separately
between overdentures installed in different jaws.

The 39 included publications reported 3,787 mini-
implants supporting 1,026 overdentures (109 in maxillae,
896 in mandibles) in 1,005 patients. Twenty-one patients
had mini-implant-retained overdenture in both the max-
illa and mandible. The 1,005 patients consisted of 396
men and 496 women, with no information on sex for 114
patients. The mean follow-up was 28.1+19.8 months (min-
max 0.3-84.0). A total of 202 mini-implants failed, after a
mean of 9.4+ 11.8 months (min-max 0.3-60.0). Failure at
the patient level was 133/1,005 (13.2%). Seventy-six out
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Fig. 1 Study screening process

of 1,026 prostheses were considered as failures, the main
reason (n=69; 90.8%) being transversal fracture of the
overdenture.

Most of the implants in the mandible were submitted to
immediate loading, while in the maxilla the delayed load-
ing protocol was more commonly applied. O-ring-ball was
the most commonly used attachment system, followed by
Equator, Locator, and bar-clip system. A high rate of trans-
versal fracture of the prosthesis and wear of the attachment
parts was observed. Relining of the prosthesis base was a
common needed maintenance process.

Analyses

Actotal 0of 202 mini-implants were considered as failure, with
a clear concentration of failures in the first year of follow-up
(Table 2). The 7-year CSR was 91.4%. The CSR was lower
at 5 years for mini-implants placed in the maxilla (87.1%,
Table 3) in comparison to mini-implants placed in the man-
dible (92.3%, Table 4), and the difference in survival was
statistically significant (»<0.001; Log-rank test).

The survival of implants submitted to early/delayed load-
ing was lower than implants immediately loaded (p<0.001;
Log-rank test), which was true even when only mandibular
implants were considered (p=0.005; Log-rank test). This,
however, was the opposite when only maxillary implants
were considered (p<0.001; Log-rank test).

When only mandibular overdentures were considered,
there was a higher implant failure rate (p<0.001; Log-rank
test) among 2-mini-implant retained overdenture (43/548,
92.2% survival) in comparison to 4-mini-implant retained
overdenture (90/2384, 96.2% survival).

Unfortunately, information about the time point of failure
for the overdentures was available for only 19 of the 76 fail-
ures. Therefore, a life-table analysis for the prostheses was
not carried out.

Table 5 shows the results of the meta-analyses for the out-
come MBL under different follow-ups. The estimated mean
MBL gradually increased from 0.518 mm (<6 months) to
1.260 mm (58.8-90 months).

A meta-regression considering the effect of follow-up on
the mean MBL (Fig. 2) resulted in the following first-degree
equation:
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Table 1 Summarized data of the included studies

Variable Global Maxilla Mandible
Implants / Patients (n) 3,787/ 1,005 621/109 3,166 / 896
Men / Women, n (%) 396 (44.4) / 495 (55.6) 41 (38.0) / 67 (62.0) 355(45.3) /428
(54.7)
Not available 114 1 113
Age (years), mean=+SD (min-max) 66.8+17.1 (6-92) 67.5£15.4 (52-92) 66.4+£22.3
(6-92)
Implants per patient, mean+ SD (min-max) 3.8+1.5(2-12) 6.6+£2.0 (2-12) 34+1.0 (2-6)
Implants per patient, n patients (%)
2 271 (27.0) 1(0.9) 270 (30.1)
3 5(0.5) - 5(0.6)
4 602 (59.9) 11 (10.1) 591 (66.0)
5 35(3.5) 7 (6.4) 28 (3.1)
6 59 (5.8) 57 (52.3) 2(0.2)
7 9(0.9) 9(8.3) -
8 9(0.9) 9(8.3) -
10 8(0.8) 8(7.3) -
12 7(0.7) 7 (6.4) -
Implants per prosthesis, mean+SD (min-max) 3.7£1.2 (2-10) 5.7+1.1 (2-10) 3.5£1.0 (2-6)
Implants per prosthesis, n prostheses (%)
2 257 (26.8) 1(0.9) 274 (29.9)
3 5(0.5) - 3(0.5)
4 615 (59.9) 19 (17.4) 596 (65.0)
5 48 (4.7) 14 (12.8) 34 (3.7)
6 68 (6.6) 60 (55.1) 8(0.9)
7 9(0.9) 9(8.3) -
8 5(0.5) 5(4.6) -
10 1(0.1) 1(0.9) -
Follow-up (months), mean+SD (min-max) 28.1£19.8 (0.3-84.0) 32.9£16.9 (0.8-60.0) 27.1£20.2
(0.3-84.0)
Healing time, n (%)
Immediate loading 1,961 (64.3) 20 (7.0) 1,941 (70.3)
0.5-3 months 781 (25.6) 76 (26.5) 705 (25.5)
4—-6 months 307 (10.1) 191 (66.6) 116 (4.2)
Not available 738 334 404

Implant failure, n/total (%)
Implant level
Patient level
Time of failure (months), mean=SD (min-max)

Mandibular
Primary failure, n (%) *
Immediate loading
Healing 0.5-3 months
Healing 4—-6 months
Failed implant replaced by a new one ®, n/total (%)
Prosthesis failure, n/total (%)
Time of failure ¢ (months), mean+SD (min-max)

Reason for prosthesis failure, n (%)
Prosthesis fracture
Loss of implants

Received additional implants in order to make a fixed full-
arch prosthesis

Attachment system, n prostheses (%)
O’Ring-Ball

202/3,787 (5.3)
133/1,005 (13.2)
9.4+11.8 (0.3-60.0)

-/93
20/69 (29.0)
32/40 (80.0)
47/80 (58.8)
76/1,026 (7.4)
21.8+17.8 (2-60)

69 (90.8)
6(7.9)
1(1.3)

776 (75.6)

69/621 (11.1)
37/109 (33.9)
10.0+10.7 (0.8-39.0)

/13
1/16 (6.3)

32/40 (80.0)
20/46 (43.5)
16/109 (14.7)
16.5+10.8 (2-27)

12 (75.0)
3(18.8)
1(6.2)

103 (94.5)

133/3,166 (4.2)
96/896 (10.7)
9.1+12.3
(0.3-60.0)

-/80
19/53 (35.8)
27/34 (79.4)
60/917 (6.5)
2334193
(3-60)

57 (95.0)
3(5.0)

673 (73.4)
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Table 1 (continued)

Variable Global Maxilla Mandible
Equator 114 (11.1) 4(3.7) 110 (12.0)
Locator 113 (11.0) 2(1.8) 111 (12.1)
Bar-clip 23 (2.3) - 23 (2.5)

Technical complications, n/total (%) °
Fracture of acrylic teeth 16/276 (5.8) 3/56 (5.4) 13/220 (5.9)
Fracture of acrylic base 12/255 (4.7) 0/56 (0) 12/199 (6.0)
Transversal fracture of prosthesis 69/477 (14.5) 12/69 (17.4) 57/408 (14.0)

Attachment— matrix part
Fracture 9/1,433 (0.6) 0/340 (0) 9/1,093 (0.8)
Loose 6/1,269 (0.5) 0/340 (0) 6/929 (0.6)
Fell off 33/1,786 (1.8) 9/365 (2.5) 24/1,421 (1.7)
Wear 250/1,301 (19.2) 0/340 (0) 250/961 (26.0)

Attachment— patrix part
Fracture 1/1,353 (0.1) 0/340 (0) 1/1,013 (0.1)
Wear 49/250 (19.6) 0/6 (0) 49/244 (20.1)
New component 186/1,687 (11.0) 9/340 (2.6) 177/1,347 (13.1)
Relining 105/437 (24.0) 14/69 (20.3) 91/368 (24.7)

New overdenture

23/79 (29.1)

23/79 (29.1)

? Failure up till prosthetic loading

b For the cases with available information

¢ Time of prosthesis failure was available for only 19 cases

Table 2 Life-table survival analysis showing the cumulative survival rate of mini-implants to support overdentures

Interval start time Number enter- ~ Number with- Number Implant Survival rate within Cumulative proportion ~ SE
(years) ing interval drawing during exposed to failures each interval- ISR surviving at end of inter-
interval risk (%) val- CSR (%)

0 3787 322 3626.0 114 96.9 96.9 0.3
1 3351 1124 2789.0 54 98.1 95.0 0.4
2 2173 1094 1626.0 14 99.1 94.2 0.4
3 1065 277 926.5 14 98.5 92.7 0.6
4 774 120 714.0 1 99.9 92.6 0.6
5 653 548 379.0 5 98.7 91.4 0.8
6 100 86 57.0 0 100.0 91.4 0.8
7 14 14 7.0 0 100.0 91.4 0.8

ISR - interval survival rate, CSR - cumulative survival rate, SE— standard error

Table 3 Life-table survival analysis showing the cumulative survival rate of mini-implants to support overdentures in the maxilla

Interval start time Number enter- ~ Number with- Number Implant Survival rate within Cumulative proportion ~ SE
(years) ing interval drawing during exposed to failures each interval- ISR surviving at end of inter-
interval risk (%) val- CSR (%)

0 621 6 618.0 45 92.7 92.7 1.0
1 570 30 555.0 14 97.5 90.4 1.2
2 526 319 366.5 7 98.1 88.7 1.3
3 200 52 174.0 3 98.3 87.1 1.6
4 145 0 145.0 0 100.0 87.1 1.6
5 145 145 72.5 0 100.0 87.1 1.6

ISR - interval survival rate, CSR - cumulative survival rate, SE— standard error

y=0.528+0.011x, where:

Follow-up =0.011 (0.006, 0.017), standard error 0.003,

p<0.001.

Intercept=0.528 (0.362, 0.694), standard error 0.085,

p<0.001.

There was an estimated increase of 0.011 mm in MBL
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Table 4 Life-table survival analysis showing the cumulative survival rate of mini-implants to support overdentures in the mandible

Interval start time Number enter-  Number with- Number Implant Survival rate within Cumulative proportion ~ SE
(years) ing interval drawing during exposed to failures each interval- ISR surviving at end of inter-
interval risk (%) val- CSR (%)

0 3166 316 3008.0 69 97.7 97.7 0.3
1 2781 1094 2234.0 40 98.2 96.0 0.4
2 1647 775 1259.5 7 99.4 95.4 0.4
3 865 225 752.5 11 98.5 94.0 0.6
4 629 120 569.0 1 99.8 93.9 0.6
5 508 403 306.5 5 98.4 92.3 0.9
6 100 86 57.0 0 100.0 92.3 0.9
7 14 14 7.0 0 100.0 92.3 0.9

ISR - interval survival rate, CSR - cumulative survival rate, SE— standard error

Table 5 DerSimonian-Laird random-effects model analysis for MBL under different follow-ups

Follow-up Studies*/ implants (n) MBL estimate (95% CI) (mm) SE p value Heterogeneity

(months)

<6 8/748 0.518 (0.382, 0.654) 0.069 <0.001 =0.037, p<0.001, *=96.914
12 14/951 0.655 (0.405, 0.905) 0.127 <0.001 =0.217, p<0.001, [=98.557
18-24 7/330 0.878 (0.460, 1.296) 0.213 <0.001 2=0.306, p<0.001, ’=97.966
36 5/360 0.948 (0.494, 1.402) 0.232 <0.001 =0.263, p<0.001, ’=98.460
58.9-80 6/408 1.260 (0.940, 1.580) 0.163 <0.001 2=0.132, p<0.001, =93.239

MBL- marginal bone loss, 95% CI- 95% confidence interval, SE— standard error

* When data on MBL for all implants in a study was not available (as a global mean value), then data on the mean value of the different sub-
groups of study was entered. In these cases, each sub-group was considered as one “study”

e e O ?
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o
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Fig.2 Scatter plot for the meta-regression with the association between Every circle represents a study or a different follow-up point in a same
follow-up (in months) and mean marginal bone loss (MBL). Positive study, and the size of the circle represents the weight of the study in the
values mean bone loss, while the negative values mean bone gain. analysis. The blue line represents the fitted line plot
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for every additional month of follow-up, with statistical
significance.

Quality assessment

All included studies were classified as “good” according
to the quality assessment tool (see Tables S2 and S3, Sup-
plementary Material). In most cases the main issues in the
publications were related to not well-described statistical
methods, and to the inclusion of non-consecutive patients in
the studies. These issues were not a problem though, since
there was information about follow-up as well as the main
outcome, namely, mini-implant failure.

Discussion

The purpose of the present review was to assess the clinical
outcomes of overdentures retained by dental mini-implants.
The results showed that mini-implants used to retain/sup-
port overdentures present a high CSR over 7 years, namely
91.4%.

Most of the implant failures happened during the first
year. Moreover, a high rate of primary failure (up to pros-
thetic loading) was observed among the implants that were
not submitted to immediate loading. A considerable per-
centage of implants fail in the early period after implant
installation [72], regardless of the follow-up time [73]. One
has to consider that a reduced implant diameter means a
reduction in the bone-implant contact surface area, which
could compromise the osseointegration process [74], or not
be enough to withstand loading forces [75]. Furthermore,
mini-implants usually are the option for rehabilitation in
sites with poorer bone quality and lack of bone volume,
which may not only directly influence the implant initial
stability values [76], but also statistically affect implant
survival rates in a negative manner [77]. All this may have
a substantial impact on prosthetic rehabilitation plan [78],
since the rehabilitation with mini-implants may be already
seen as the last resource for an implant-retained prosthesis,
due to the scarcity of available bone, without the need of
more invasive approaches such as bone grafting procedures.

Immediate loading of the mini-implants was common
for overdentures in the mandible, but very uncommon for
overdentures in the maxilla. This may be related to the max-
illary bone being more trabecular and softer than the man-
dibular bone, which is denser (Lekholm and Zarb, 1985),
which in turn is generally perceived as resulting in lower
primary stability, greater micromotion, and consequently a
greater risk of maxillary implants to osseointegrate when
submitted to immediate prosthetic loading [77, 79-81]. In
fact, it was observed in the present results that the survival

of immediately loaded implants was lower than implants
submitted to early/delayed loading, when only the max-
illa was considered. Due to the reduced diameter of mini-
implants, it may be prudent to undersize the preparation of
the implant bone sites, as well as to do not immediately load
the implants when the clinically perceived primary stabil-
ity is lower than an insertion torque value of 10 Nem and
an resonance frequency analysis of 60 [82]. According to a
recent review, however, implants supporting fixed prosthe-
ses (not overdentures) in the maxilla subjected to immediate
loading present high survival rates [83].

When only mandibular overdentures were considered,
there was lower implant survival for 2-mini-implant-retained
in comparison to 4-mini-implant-retained mandibular over-
denture. It has been suggested that 2-mini-implant-retained
mandibular overdenture could be used for cost-effectiveness
clinical situations [41], although a 4-mini-implant-retained
overdenture is associated with higher patient satisfaction
[43]. Moreover, a FEA study observed that an overdenture
retained by 4 implants is steadier than one retained by 2
implants when functioning with the anterior teeth. In the
same study it was also observed that under the simulated
action of cutting food with the anterior teeth, the maximum
stress value in the abutments with the 2-implant model was
three-fold than with the 4-implant model, suggesting that
higher risk of damage to the abutments in 2-implant over-
dentures [84]. Due to the aforementioned reasons, the use of
4 mini-implants to retain mandibular overdentures is recom-
mended instead of only 2 mini-implants.

The attachment system most commonly used was of the
O-ring-ball system. This can be associated with narrow
diameter of the mini-implants, which limits the space for
wider, more elaborated, attachment systems. And also, to
the fact that mini-implants are usually commercialized as
one-piece implants.

There was a high rate of transversal fracture of the
prosthesis, which usually happens due to the thinning and
weakening of the acrylic resin bases in the area of the pros-
thesis that harbors the matrix part of the attachment sys-
tems [85]. This type of fracture is commonly reported by
studies in which existing complete dentures are transformed
into implant-retained overdentures [86]. Metal frameworks
could minimize the occurrence of overdenture fractures
[57].

Considering the relatively high rate of some technical
complications, it can be said that mini-implant-retained
overdentures may require frequent maintenance follow-ups
to address the complications, which is usual with implant-
retained overdentures [87, 88]. It has been suggested that
substituting the direct chairside attachment matrix pick-up
technique with an indirect laboratory procedure may reduce
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the number of complication events and consequently of
maintenance appointments [89].

A high rate of prosthesis relining was observed, some-
thing that is expected in cases of immediate loading (the
majority of the cases observed in the review), probably due
to progressive subsiding of the postoperative swelling [88].
This must be weighed with the suggestion that immediate
loading may result in lower postoperative symptoms and
lower levels of pain and functional discomfort during the
6-week healing period [16].

Regarding MBL, a finite element analysis (FEA) study
showed that the stresses in cortical bone decrease in inverse
proportion to the increase in implant diameter with both ver-
tical and lateral load [90]. More specific to mini-implants,
stress and strain occurring are mainly localized at the corti-
cal bone around the bone-implant interface [91], with higher
bone loading in comparison to standard diameter implants,
which could increase the risk of MBL around mini-implants
[92]. However, the present results seem to indicate that
MBL around mini-implants retaining overdentures present
acceptable results in relation to wider diameter implants
[93].

Limitations of the present review include the fact that
there was a considerable number of confounding factors.
There was no information about how many implants were
inserted and failed in several different conditions for most
(if not all) of the studies. Studies reported the presence of
diabetics among the patients, as well as smokers, bruxers,
and patients taking selective serotonin reuptake inhibitors,
proton-pump inhibitors, or bisphosphonates, which are
medications commonly prescribed for the elderly. All these
factors could have had a considerable impact on implant
failure rates [94-99]. Furthermore, the retrospective nature
of many studies results in flaws manifested by the gaps in
information. In addition, several studies presented small
cohort sizes and short follow-ups. The global number of
mini-implant supported overdentures installed in the max-
illa reported in the literature is still small, so more studies
are needed in order to draw more robust conclusions.

Based on present results, it can be recommended the use
of 4 mini-implants in the mandible for retaining overdenture
prostheses, as there is a better implant survival prognosis for
this option in comparison to when only 2 mini-implants are
used. Mini-implants should not be immediately loaded when
the clinically perceived primary stability is low, something
that can be quantitatively verified by the values of insertion
torque and resonance frequency analysis. Due to the high
rate of prosthesis transversal fracture, it is recommended
the manufacture of overdentures with metal frameworks,
which could minimize the occurrence of this complication.
It is recommended that dentists maintain a regular and close
follow-up of patients rehabilitated with this mini-implant

@ Springer

supported overdentures, due to the expected high preva-
lence of technical complications. Moreover, substituting the
direct chairside attachment matrix pick-up technique with
an indirect laboratory procedure may reduce the number
of complication events and consequently of maintenance
appointments.

Conclusions

Although presenting a high 7-year CSR and acceptable
MBL, mini-implant-retained overdentures may require fre-
quent maintenance follow-ups, due to the high rate of tech-
nical complications.

Supplementary Information The online version  contains
supplementary material available at https://doi.org/10.1007/s00784-0
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