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This report discusses the expanded use of narrow-diameter implants

(< 3.0-mm diameter) for permanent use and presents multiple clinical

uses for supporting permanent restorations. The increased applications of
narrow-diameter implants have expanded the options of treatment available
to clinicians based on the patients’ needs, desires, and limitations. The
advantages, disadvantages, indications, and limitations are presented for the
use of these narrow-diameter implants for permanent-case scenarios. These
implants can serve as a treatment option in cases where standard-diameter
implants cannot be placed due to limitations in volume or size of a planned
implant site or due to financially or medically compromised patients. Int J
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Standard-diameter implants (3.75-
to 4.1-mm-diameter) are being
increasingly used in treatment plan-
ning for fully and partially edentulous
patients.! Long-term studies have
reported the success of standard-
diameter implants with high survival
rates, successful osseointegration,
and high load-bearing capacities.?>
However, standard-diameter im-
plants (SDls) require sufficient bone
height, width, and quality; adequate
mesiodistal space; and ample dis-
tance from vital structures. Several
implant companies have produced
lines of narrow-diameter implants
(NDls; 2.9 to 3.3 mm) to try to over-
come the space limitations in eden-
tulous areas, butin many cases, even
implants of these diameters may be
too large to place in areas with lim-
ited space. When alveolar width is
limited or force factors are compro-
mised, bone augmentation may be
performed to allow for a 1-mm in-
crease of implant diameter.® Howev-
er, bone augmentation and guided
bone regeneration are not solutions
when space is limited in the man-
dibular incisor or maxillary lateral
incisor areas. Moreover, the cost of
SDI placement requiring augmen-
tation procedures may be prohibi-
tive for some patients. In addition,
a patient's complex medical history
can be a contraindication for inva-
sive augmentation procedures. This
would include patients with various
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Figs 1a to 1c (a) A 36-year-old woman presented with a retained deciduous maxillary
left lateral incisor. Preoperative radiographs showing the deciduous tooth (b) before
and (c) after extraction.

types of cardiovascular disease re-
quiring they take anticoagulants.
The less-invasive drilling protocol,
flap reflection, and avoidance of the
need for augmentation procedures
with NDIs results in less bleeding
and can oftentimes be completed
without stopping consumption of
anticoagulants. These limitations de-
crease the capability of SDIs to be a

universal implant treatment option.
A thorough assessment of these
variables is paramount in treatment
planning for implant placement to
decrease the risks of implant failure
or complications.

In cases where SDIs with diam-
eters between 2.9 mm and 4.3 mm
are unable to be used, mini im-
plants and NDIs with diameters

of less than 29 mm may be an
option.” Mini implants and NDls
have been categorized by diam-
eter, starting from Category 1 mini
implants (< 3.0 mm) and including
Category 2 (3.00 to 3.25 mm) and
Category 3 (3.30 to 3.50 mm).2 A
recent case series presented five
case reports using mini dental im-
plants in areas of deficient ridge
width or interdental space.’ How-
ever, permanent indications of
NDIs include not only replacement
of missing lateral maxillary or man-
dibular incisors but also retention of
overdentures, full-arch immediate
loading, and implant-supported res-
torations in areas where mesiodistal
distance limits the use of SDIs or
even implants with 2.9- to 3.3-mm
diameters (Table 1).%?' Despite
the various clinical advantages that
NDlIs present for specific conditions,
there has been limited discussion
in the literature of these expanded
uses of NDls.

The purpose of this report is to
present various expanded, perma-
nent uses of NDls, their indications,
and their limitations, and to dis-
cuss the advantages and disadvan-
tages of using NDIs for permanent
restorations.

Materials and Methods

The NDlIs discussed in this report are
all Category 1(1.8-,2.2-, and 2.4-mm
diameters) and come from the same
manufacturer (Anew, Dentatus). All
implants are one piece with a com-
bined roughened surface and 4-mm
machined coronal aspect. They are
self-tapping and are placed with a
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Figs 1d to 1f (d) Intracperative facial view
showing a reduced interdental span and
the NDI (2.2 x 14 mm) in place. (e) Radio-
graphic and (f) clinical views 19 years later,
showing the implant in place and restored
with a screw-retained porcelain-fused-to-
metal crown.

1.4-mm drill into dense type 1 bone,
followed by either the 1.8-mm or
2.0-mm-diameter drill depending
on the selected implant diameter.
A round bur is used to widen the
crestal osteotomy to accommodate
the machined collar. After implant
placement, a resin cylinder is placed
over the platform and secured with
a screw-retained cap. The provision-
al is fabricated with a 3-mm hole

drilled in the cingulum area to screw
the restoration to the implant. Care
must be taken to place the implant
in the ideal restorative position, us-
ing a surgical guide made from an
ideal wax-up, so it emerges in the
cingulum area of the placed res-
toration. The implant should be a
minimum distance of 1.2 mm from
the adjacent teeth. When placed
in an anterior area, the cone beam

computed tomography (CBCT)
scan simulation will help determine
whether proper implant placement
will require simultaneous buccal or
lingual augmentation using guided
bone augmentation in areas with
< 2 mm buccal or lingual bone. The
provisional should be adjusted to
be out of occlusion in centric and
excursions. Postsurgical instructions
should be given, stressing that the
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Table 1 Permanent Uses for Narrow-Diameter Implants

Applications

Indications

Limitations

Con?enitally missing
maxillary lateral incisor

Missing maxillary
incisor

Mandibular incisors

Overdenture

For a fixed single-tooth restoration in
a site with limited mesiodistal space

For a fixed single-tooth restoration in
a site with limited mesiodistal space

Mesiodistal limited space

For implant suerort in knife-edged
atrophic alveola

r ridges to avoid ridge

augmentation procedures

Decreased strength; may require addition of a
graft to enhance esthetics

Decreased strength; may require addition of a
graft to enhance esthetics

May require buccolingual augmentation of bone

May require buccolingual augmentation of bone
if standard-diameter implants are required

patient should not bite on the pro-
visional for at least 12 weeks. If the
patient is a bruxer, clencher, or
hard biter, an occlusal guard should
be made and worn at night. The
screw-retained final crown allows
easy access if the crown requires
replacement due to fracture, wear,
or requiring a change of shade. It is
recommended that these implants
be splinted to additional NDls or to
SDls to accommodate for additional
occlusal load if they are used in the

posterior areas.

Permanent Uses of NDls

Congenitally Missing or
Extracted Maxillary Lateral
Incisors

Two studies reported the prevalence
of congenitally missing lateral inci-
sors as 1.91% and 2.2% in two dif-
ferent ethnic populations.?#?* In fact,
the overall presence of hypodontia
of maxillary lateral incisors falls within
the reported range of 0.79% to 2.6%
of other studies.?? When restoring
a congenitally missing or extracted
maxillary lateral incisor, the limited
mesiodistal space is often a contra-

indication for the placement of an
SDI that requires a minimum me-
siodistal space of 6.0 to 6.5 mm for
successful permanent osseointegra-
tion. Placement of an NDI can be a
successful alternative in these cases,
which allows osseointegration and is
an esthetic solution for the patient,
without the reduction of adjacent
teeth, orthodontic movement, or
the inconvenience of a removable
prosthesis (Fig 1). In a retrospec-
tive study, Froum et al examined 19
NDls placed in 14 patients with con-
genitally missing lateral incisors and
reported a survival rate as well as a
patient satisfaction rate of 100%.
These results are consistent with the
survival rates of SDls (Fig 2).%*

Mandibular Anterior Incisor
Region

Although there are no reports on
the prevalence of missing mandibu-
lar incisors, this condition was found
to be more common in Japanese,
Chinese, and Korean populations.
Moreover, the congenital absence
of lower incisors can result in mini-
mal volume of bone for the place-
ment of endosseous implants in

locations favorable for subsequent
restorations.?> The mandibular an-
terior region is often a challenge to
restore when teeth are missing due
to its limited mesiodistal and/or buc-
colingual space. The alveolar ridge
may not have enough bone quanti-
ty, quality, or space for an SDI. More-
over, a tooth-supported removable
prosthesis requires the reduction of
sound tooth structure and may ex-
pedite the rate of bone resorption.
In these cases, NDlIs can be placed
and result in improved function and
esthetics. The NDI-supported pros-
thesis does not require any tooth
reduction for abutment teeth. When
the NDI is placed > 1.0 mm from
the adjacent teeth in mandibular
anterior regions, it can significantly
reduce the rate of bone resorption
(Fig 3). Froum et al? reported on the
success of NDI placement in nar-
row mandibular anterior regions in a
case series in which 10 of 14 subjects
each received an NDI in the mandib-
ular incisor areas and were followed
for 3 to 14 years. All implants were
successful and none showed no sur-
gical or prosthetic complications.
The NDls used in these cases usually
required diameters of 1.8, 2.2, and
2.4 mm (Anew, Dentatus).
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Fig 2 (a) An 18-year-old woman presented with congenitally
missing maxillary lateral incisors. (b and c) Preoperative
radiographs reveal a reduced mesiodistal distance between the
converging bilateral central incisors and canines. The distance
between adjacent teeth roots was 4 mm in both the (b) left and

(c) right lateral incisor areas. (d) Intraoperative occlusal view of

an NDI (1.8 X 10 mm) placed in the right lateral incisor position.

(e) Radiographic and (f) clinical views 14 years later, showing the
implants in place and restored with screw-retained porcelain-fused-

to-metal crowns.

Overdentures

The American Academy of Prosth-
odontics reported that 23 million
Americans were completely edentu-
lous and 12 million Americans were
edentulous in one arch.? While
implant-retained overdentures are
often an excellent treatment option
with a high success rate, there are

limitations on the size and length
of implants that can be placed
when the edentulous mandible
is severely resorbed. Oftentimes,
atrophic mandibular ridges require
extensive ridge augmentation in
order to increase the buccolingual
space for SDIs. However, the place-
ment of two to four NDIs can serve
as a better option to support an

overdenture (Fig 4). In an atrophic
mandibular ridge without extensive
augmentation procedures, Cho et al
reported that the placement of NDIs
instead of SDIs can reduce both the
cost and medical complications for
the patient while maintaining the
high success rate and patient satis-
faction of a standard overdenture.?
This longitudinal study of 14 to 36
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Fig 3 (a) A 53-year-old woman presented with a hopeless, mobile mandibular right central incisor, which was later extracted. (b) Preopera-
tive clinical and (c) radiographic views 6 months later revealed a reduced mesiodistal distance between the left central incisor and right
lateral incisor (measures 4.4 mm at the apices of the adjacent teeth). (d) Intraoperative occlusal view of the NDI (2.2 X 14 mm) placement
in the mandibular right central incisor position. (e) Radiographic and () clinical views 9 years later, showing the implant in place, restored
with a screw-retained porcelain-fused-to-metal crown.
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Fig 4 (a) The patient presented with an
atrophic edentulous mandible and a poorly
retained mandibular complete denture.

(b and c) A preoperative CBCT scan reveals
a severely atrophic edentulous mandible
with too limited of a buccolingual space to
accommodate SDIs. The red line indicates
the direction of the implant relative to the
surgical guide, as determined by CBCT
scan and Simplant software. (d) Intracpera-
tive facial view of four NDIs (2.2 X 14 mm)
following flapless placement in the edentu-
lous mandible. (e) A panoramic radiograph
taken at the 6-year follow-up of the NDIs in
situ supporting an overdenture.

months showed a success rate of
94.1% for immediately loaded NDls
for overdentures. A recent system-
atic review on the survival of mini
dental implants (NDls) retaining
mandibular complete overdentures
concluded that these implants have
excellent survival rates in the short
to medium term and should be con-
sidered "a reasonable alternative
treatment modality to retain man-
dibular complete overdentures.”?

Results

Ninety-six NDls (1.8 to 2.4 mm) have
been followed for 6 to 19 years in
84 patients with no implant loss or
complication other than changing
the shade of 8 restorations due to
patient aging.
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Discussion

For the most part, general use of
NDIs has been limited to the man-
dibular anterior region of the mouth.
However, recent studies have sug-
gested a broader range of NDI ap-
plications.®'? This review presented
the various indications of Category 1
(< 3.0-mm diameter) NDIs for per-
manent use. Each case should be
carefully assessed before treatment
to ensure the proper indication for
using NDls. Parameters that should
be considered prior to treatment
include the size and length of the
implant, region of the mouth, an-
ticipated occlusal load, bone quality
and quantity, proximity of implant
site to adjacent teeth or implant, vi-
tal structures, and the patient’s his-
tory and needs. The use of CBCT
scans to allow more thorough diag-
nostic planning is essential when us-
ing NDIs for the purposes discussed
in this review. These extended clini-
cal applications of NDlIs allow for a
broader range of treatment options
for differing case scenarios. To fully
understand the scope of the Cat-
egory 1 NDl's capability, permanent
uses were explored.

Guidelines for use of mini den-
tal implants have recently been
published? However, the implants
used in the present retrospective re-
port differ from the ones used in the
former report of five case series and
have a longer-term follow-up with
significantly more implants.

The use of NDIs for support
of permanent restorations is less
should be consid-
ered during treatment planning.
Permanent NDIs have become a

known and

recognized option for cases where
implants are required to be placed
in a specific location, as in cases of
congenitally missing maxillary lat-
eral incisors or in the mandibular
incisor region. The approach of us-
ing an SDI conflicts with the limited
mesiodistal buccal lingual space,
leaving the treatment plan with no
other choice than reduction of the
tooth structure for fixed restorations
or removable prostheses. NDIs offer
a solution requiring less mesiodistal
space for osseointegration, no bone
resorption, and are reported to have
similar survival rates as SDIs.® More-
over, in areas of deficient alveolar
bone requiring augmentation pro-
cedures, NDIs can be placed (and
splinted, if necessary) to avoid the
additional cost, pain, and morbid-
ity of these procedures. This allows
an implant option for patients who,
due to medical or financial reasons,
would otherwise not be candidates
for augmentation procedures to
place SDIs.? In addition, with CBCT
scans and guides currently avail-
able, many of the NDIs can be
placed flaplessly, thus reducing
time of surgery, cost, and pain.-?
Conventional solutions for limited
mesiodistal or buccolingual space
and patients with resorbed ridges
required bone augmentation, orth-
odontic tooth movement, or tooth
reduction. NDls offer an alternative
option because they require less
mesiodistal space and buccolingual
bone volume for successful implan-
tation and osseointegration, have a
reduced cost, and may be used in
medically compromised patients
due to their less-invasive placement
protocol.

Conclusions

This report presented various op-
tions for permanent use of NDlIs.
The significant advantages of NDls
range from reduced bone resorp-
tion and immediate loading capabil-
ities to cases of the implant lateral to
the inferior alveolar nerve and lim-
ited mesiodistal space. Selection of
the most ideal NDI diameter (1.8,
2.2, or 2.4 mm) should be made on
a case-by-case basis. However, this
review indicates the broad range
and relevant need for NDIs when
utilizing implant therapy for restor-
ing edentulous areas of the maxilla
and mandible.
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