MINIREVIEW

Are mini-implants an alternative
to standard-diameter implants?

What must | be aware of
when using mini-implants?
Dental implants are an indispens-
able part of the dental treatment
spectrum and represent an integral
component of contemporary pros-
thodontic treatment concepts. The
use of implants for both removable
and fixed prosthodontics offers
clinically relevant advantages, which
have been recorded for patients in
the form of an improvement in the
oral health-related quality of life and
masticatory function, as well as,
better long-term restorative treat-
ment prognosis [9].

Implant-prosthetic concepts
The prognosis for fixed restorations
on implants is very good (5-year
prognosis 96.4 %, 10-year prognosis
93.9 %) and corresponds to the prog-
nosis for short-span restorations on
teeth [29]. Thus, through the use of
implants, the grinding of the natural
teeth and long-span bridges can be
avoided, while free-end edentulous
spaces can also be treated. Moreover,
it is possible to restore the edentulous
jaw with a complete denture using
4-8 implants [25, 26].

In the case of removable den-
tures, the use of implants in the
edentulous jaw (1-6 implants in the
mandible and 4-8 implants in the
maxilla) can significantly improve
the masticatory function and satis-
faction with dental restorations. Pa-
tients prefer good fixation and low
rotation of dentures [9]: special con-
sideration is needed to provide an
utmost quadrangular support, while

the axes of rotation and selection of
the attachment system concept must
be thoroughly thought out. In order
to achieve the best possible reten-
tion and support for a denture in a
partially edentulous dentition, so-
called strategic implants, which are
placed in strategically important
positions, can be used. In cases of
complete edentulism, one or two
implants may be used to reduce the
the denture’s rotation. A rigidly sup-
ported, removable denture, or more
specifically, a denture that wobbles
less, not only leads to better patient
satisfaction, but also to less wear and
tear of the attachment systems, and
thus to a better long-term prognosis.
The prognosis of strategic implants
is very good and comparable to that
of single-tooth implants [22].

The use of implants is thus rec-
ommended in many cases requiring
prosthetic rehabilitation. This has
been documented for almost 20 years
in the McGill Consensus Statement,
which describes the rehabilitation of
an edentulous patient with a com-
plete denture as being an inadequate
restoration and therefore demands
the use of at least 2 implants in the
mandible [16]. According to current
data, the minimum number of im-
plants in the edentulous mandible
can be defined as a single implant
placed near the mandibular symphy-
sis [23].

Narrow-Diameter-Implants
(NDIs)

The described implant-prosthetic
concepts for standard diameter im-

plants (> 3.5 mm) have been investi-
gated and are evidence-based. The re-
sults, however, cannot be generalized
1:1 with regard to reduced diameter
implants.

Reduced diameter implants are
also called Narrow-Diameter-Im-
plants (NDIs). They have diameters
that range between 1.8-3.5 mm and
can be divided into 3 categories based
on their diameter [20]:

Category 1 is comprised of mini-
implants (MDI, 1.8-2.5 mm) which
are basically one-piece. Category 2
(diameter 2.5-3.25 mm) and cat-
egory 3 (diameter 3.3-3.5 mm) con-
sist of two-piece implants.

Category 3 NDIs that are made
of pure titanium (titanium grade IV)
have only one fifth of the mech-
anical load capacity (200N vs.
1000 N) in comparison to standard-
diameter implants (4.1 mm) [5]. This
reduction of implant diameter con-
sequently leads to an increased risk
of fracture, at least in theory. There-
fore, the susceptibility to fracture of
the two-piece category 2 and 3 im-
plants can be reduced by making
modifications to the implant-abut-
ment connection, which allows for
thicker implant wall thickness, or by
employing titanium-zirconium al-
loys with a higher fracture resis-
tance. Category 1 implants cannot
be made of pure titanium due to the
high fracture potential; instead, they
are produced from a titanium alloy
(Titanium Grade V, Ti6Al-4V ELI)
and are a single piece, as a two-piece
design would reduce the wall thick-
ness.
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It is also known from materials
science and finite element studies
that a change in implant geometry
leads to a changed force distribution
into the peri-implant cortical bone
[19]. In this regard, a change in im-
plant diameter has a greater effect
than a change in implant length [8]:
an increase in diameter from 2.5 mm
to 3.3 mm reduces the stress on the
cortical bone by 30.7 %, whereas an
increase in implant length from
8.5 mm to 15 mm reduces it by only
1.7 %.

This raises the question of the
survival prognosis of reduced diam-
eter implants, especially in cases of
compromised bone supply. It should
be noted that in spite of the fact that
very good implant survival and suc-
cess rates have been documented for
standard-diameter implants [24],
these were not achieved in cases of
poor bone quality and quantity [7,
15].

The scientific data published to
date on NDIs shows very good results
with regard to implant survival and
success which is comparable to that
of standard implants (90-100 %) [6,
35, 36]. Nonetheless, a recent review
indicates that there are significant
differences between the 3 categories
of NDIs in terms of failure rates: cat-
egory 2 and 3 show very good prog-
noses, which are comparable to stan-
dard-diameter implants. In contrast,
category 1 implants which are mini-
implants with a diameter of 2.5 mm
or less, show a significantly higher
risk of implant loss with an odds
ratio of 4.54 (CL: 1.51-13.65) [33].
Therefore, if possible, a category 2
and 3 NDI or a category 1 implant
which is thicker should preferably be
chosen.

Modern category 3 NDIs show
very good results and, with regard to
the prosthetic concepts described
above, can probably be employed
similarly to standard implants in
many cases. The use of category 2 and
3 NDIs is unproblematic for the indi-
cation of lower incisor and upper lat-
eral incisor single-tooth implants, but
their use in the molar region, where
high masticatory loads exist, is not rec-
ommended [19, 33]. If these principles
are followed, a very good implant sur-
vival rate (90-100 %) has been docu-

mented for fixed restorations on re-
duced diameter implants [36].

Mini-implants

The extremely resorbed alveolar bone
can be so thin, however, that only
category 1 implants are possible
without bone augmentation. There
are thus clinically relevant indi-
cations for this implant group: in a
recent review of category 1 implants,
very good survival rates (98 %) and
success rates (93 %) were reported for
the indication stabilization of a com-
plete mandibular denture [27]. For
the same indication, in a recently
published prospective 5-year study
performed at the University of Bern,
a survival and success rate of 100 %
for immediately loaded 1.8 mm di-
ameter implants [12, 13] was docu-
mented. However, the use of category

Figure 1 The mini-implant (1.8 mm
diameter)

Figure 2 Four interforaminal mini-implants with corresponding overdenture

1 NDIs for the indication of fixed res-
torations does not seem advisable. Al-
though mini-implants can function
well as described above, they should
not be taken lightly. The success of
therapy with mini-implants depends
on patient selection and the experi-
ence of the dental practitioner [31].
In a study conducted in 5 centers and
on 1029 examined implants, it was
shown that the average implant sur-
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vival rate was 91 %. When the data
was assessed for each particular
center, however, the situation was as
follows: Four centers achieved success
rates of over 90 % while the fifth
achieved a success rate of only 69 %,
as 13 from 42 implants were lost [10].
An intensive analysis of the surgical
procedure therefore seems advisable:
the surgical procedure is in principle
very straightforward, but the drilling

(Fig. 1 and 2: Ines Badertscher, University Bern)
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protocol must be adapted to each in-
dividual patient [35]. Conventional
drilling is not performed, but rather a
perforation of the cortical bone, as
the implant always has a self-drilling
and self-cutting feature. For 1.8 mm
diameter implants, a torque of
45 Ncm should by no means be ex-
ceeded because the risk of fracture in-
creases considerably: based on the
scientific data published to date, it is
evident that thin implants are some-
what susceptible to fracture during
insertion. In a prospective study per-
formed at the University of Belgrade,
implant surgery was accompanied by
a 2.5 % implant fracture rate (3 of
120) [32], and in a retrospective
evaluation from the USA, a 0.8 %
fracture rate was documented during
implant insertion [35]. An increased
implant fracture rate after loading
with the removable denture could
not be demonstrated thus far: the im-
plant fracture rate of 1 % in the man-
dible, which was determined in a re-
cent multicenter study from Ger-
many (4 of 402 MDI implants) [28]
corresponds to the reported data on
standard-diameter implants [18]. This
positive data on the clinical fracture
stability of MDIs in removable pros-
thetics is probably due to the way the
denture is connected to the implant:
MDIs are one-piece implants with
1.8 mm ball attachments that are
connected to the denture by means
of polymerized matrices (metal hous-
ings with an inserted rubber O-ring).
The only contact which is permitted,
however, is between the ball and the
rubber O-ring; no contact between
the metal matrix housing and the
ball-shaped patrix is allowed. This de-
sign feature means that the denture is
only retained and not supported on
the mini-implants. As with conven-
tional complete dentures, mucosal
support on the alveolar process mu-
cosa occurs. In this manner, the ma-
trices serve to increase retention and
reduce denture rotation. Wear is also
limited to the rubber O-ring of the
matrix in every matrix and patrix sys-
tem in the oral cavity [1]. This is an
advantageous feature because the
wear of the patrix cannot be compen-
sated, as it is fixed to the implant
body and cannot be replaced. On the
other hand, the rubber ring is easily

replaceable. The rubber O-rings dis-
play a retention force of 5-9 N; this is
comparable to blue and pink locator
inserts (Zest-Anchors, Escondido,
USA) [2]. Normally, 20 % of the
rubber O-rings must be replaced after
one year [28]. The precision of the
O-rings is very good which means
that the original retention force after
replacement can be restored predict-
ably [2].

The use of mini-implants has
been shown to considerably improve
the masticatory function and biting
power in both older and younger pa-
tients [14], although elderly patients
needed more time to attain the im-
provements in masticatory function
[12]. In spite of these benefits, the re-
tention of the implant overdentures
using the O-rings of the MDI ma-
trices is less rigid than the anchorage
provided by a milled parallel-walled
bar. This represents a certain loss of
comfort which must be taken into ac-
count during individual therapy
planning. Nevertheless, in a prospec-
tive 5-year study, it was shown that
the oral health-related quality of life
improved significantly through the
use of 4 interforaminal implants [30].
The mobility can also bring about a
clinically relevant benefit: the spheri-
cal ball-shaped patrices of the mini-
implants display hardly any tartar
build-up and the peri-implant muco-
sa is usually healthy, which can be at-
tributable to the self-cleaning effect
of the rubber O-rings [37]. It should
be emphasized that the absence of
peri-implant keratinized mucosa did
not lead to increased bone resorption
rates [13]. For prophylactic reasons,
however, a peri-implant keratinized
mucosa is still recommended for
easier implant hygiene.

In the edentulous mandible,
mini-implants have been proven to
be a safe therapy option for better re-
tention of removable dentures. [10,
13, 35]. In addition to their indi-
cation in edentulous patients, par-
tially edentulous patients can also
benefit from the use of mini-im-
plants.

Corresponding concepts for mini-
supportive implants have been pub-
lished: 1-4 implants could be used in
the lower jaw and 1-6 implants in the
upper jaw depending on the number

and distribution of the remaining
teeth [3]. However, the characteristics
of the above described ball attach-
ments must be taken into account for
the mini-strategic implants: The at-
tachments on the teeth are always
more rigid than those on the 1.8 mm
balls. The effect of the mini-strategic
implants is that the denture is better
retained, but not better supported.
This implies that the restoration in
the area of the mini-strategic implants
is still supported by the mucosa and
the natural attachment teeth can then
act as a fulcrum. Thus, the denture ex-
hibits a certain degree of mobility and
this should be taken into account dur-
ing planning and patient education.

Clinical tips for
mini-implant use
The simple surgical and prosthetic
procedure, which requires minimal
material and time, coupled with less
follow-up care, is highly valued by
dental practitioners [34]. For pros-
thetic planning, it is important to note
that mini-implants should be well dis-
tributed and respect a minimum dis-
tance of 4 mm from each other. If the
distance is less than 4 mm, difficulties
arise in positioning the matrices side
by side due to the matrix housing size.
In patients with strong masticatory
forces and thin mandibular dentures,
where the plastic coating of the matrix
is less than 2 mm thick, there is an in-
creased denture fracture risk in the
area of the matrix housing [11]. In a
study by Mundt et al., a fracture rate
of 20 % was determined for MDI-im-
plant-overdentures which had no
model cast reinforcement [28]. The in-
corporation of a lingual 1 mm thick
reinforcement band made of cast alloy
is recommended in such cases [13]. In
a recent prospective study with 5-year
results, a 35 % fracture rate was deter-
mined for mandibular dentures with-
out model cast reinforcement. After
the model cast reinforcement was
adopted, no further fractures occurred
[13]. A lingual reinforcement, or more
specifically, a lingual thickening of a
mandibular prosthesis by about
2-4 mm is well tolerated by many pa-
tients and is not perceived as disturb-
ing [4].

The recommendation of a model
cast prosthesis after a fracture has oc-
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(Fig. 3a and 3b: N. Enkling, University Bern)

Figure 3a and. 3b Example case from the mini-implant study performed at the University of Bern, 5 years after implant placement:
4 immediately loaded interforaminal implants 1.8 mm x 1.3 mm/overdenture; a) frontal view; b) top view

curred can lead to disagreements
with the patient: therefore, it is advis-
able to offer a model cast reinforce-
ment as a matter of principle, which
can even be integrated at a later
point in mandibular dentures. In the
maxilla, a model cast reinforcement
should be planned from the outset,
as the thickness of the denture is con-
sistently reduced.

According to the clinical protocol
for mini-implant systems, 4 implants
in the mandible and 6 implants in the
maxilla are needed for implant over-
denture retention. If a minimum in-
sertion torque of 35 Ncm is achieved,
mandibular MDIs may be loaded im-
mediately. In the case of lower pri-
mary stability values, immediate
loading in the mandible is not advis-
able and a soft relining is recom-
mended instead; just after a 3-month
healing period, the matrix housings
can be polymerized and the delayed
loading of the implants performed.
In the maxilla, a 6-month healing
period is generally recommended be-
fore loading. However, data from the
University of Montreal in Canada
show that in the mandible, a torque
of 15 Ncm would be sufficient for im-
mediate loading [21].

Despite the good implant survival
outcomes in the mandible, the same
results should not readily be assumed
for the maxilla, as the rates of im-
plant loss are higher in the eden-
tulous maxilla. Shatkin et al. report a
survival rate of 95.1 % for mandibu-
lar and 83.2 % for maxillary overden-
tures [35]. The working group for im-
plantology and biomaterials research
at the University of Bonn reported
similar results with respect to the dif-
ferences between the upper and

lower jaws, although these are mo-
mentarily still being scientifically
evaluated. With regard to the in-
creased rates of implant loss in the
macxilla, there appears to be a cluster
effect, meaning that more implants
are lost in single patients. Increased
caution is therefore required in the
edentulous maxilla. This assessment
is consistent with the recommen-
dations of the International Team for
Implantology (ITI) and its SAC sys-
tem: the edentulous mandible is clas-
sified surgically as being straightfor-
ward and the edentulous maxilla as
being complex.

Conclusion

The simplicity of treatment and low
material costs result in the fact that
social indications can also be treated
with mini-implants. Using MDIs, it is
possible to come close to the goal, as
formulated in various scientific state-
ments, of restoring the edentulous
mandible in patients using implant-
supported overdentures [16]. Treat-
ment with 4-6 mini-implants also
opens up new possibilities for a mi-
nimally invasive approach. Future
scientific studies are necessary in
order to explore the limits for mini-
implant indication. Mini-implants
already represent an established and
well documented treatment option
for treating the edentulous man-
dible. On the other hand, they are
not suitable for the indication
of fixed restorations in masticatory
load bearing areas. Their mechanical
inferiority compared to standard-
diameter implants has been proven
and it must be taken into account
when determining their indication
[5, 17, 19].
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