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Abstract

Objective: To evaluate the predictability of narrow-diameter implants as a treatment option in routine clinical
practice. A literature review was performed of studies reporting clinical results obtained with these implants.
Survival rates, peri-implant bone loss and related complications were evaluated. The working hypothesis was that
narrow-diameter implants offer clinical results similar to those obtained with implants of greater diameter.
Material and Methods: A Medline-PubMed search covering the period between 2002 and 2012 was carried out.
Studies published in English and with a follow-up period of at least 12 months were considered for inclusion. A
manual search was also conducted in different journals with an important impact factor.

Results: Twenty-one studies meeting the screening criteria were included in the literature review. A total of 2980
narrow-diameter implants placed in 1607 patients were analyzed.

Conclusions: The results obtained from the literature indicate that narrow-diameter implants are a predictable treat-
ment option, since they afford clinical results comparable to those obtained with implants of greater diameter.

Key words: Narrow implant, survival rate, peri-implant bone loss, related complications.

Introduction

Treatment with dental implants offers a predictable so-
lution for most situations seen in routine clinical prac-
tice. However, bone availability is often a limiting fac-
tor in planning our treatments.

A number of surgical techniques allow us to increase
the available bone width, such as for example expan-
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sion with osteotomes (1), guided bone regeneration (2),
autologous bone grafts (3), crestal expansion techniques
(4), and osteogenic distraction (5,6).

Although these procedures offer good results in implan-
tology, they are not without complications (7,8). The as-
sociated inconveniences are increased morbidity, longer
healing times, and infection secondary to wound dehis-
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cence or membrane exposure (9,10). In patients with
deficient crest width, the utilization of narrow-diameter
implants therefore constitutes a technically more simple
treatment alternative.

The definition of a narrow-diameter implant is subject to
controversy. Although no universally accepted classifica-
tion of implant diameters has been established to date,
a narrow-diameter implant is generally taken to have a
diameter of > 3.0 mm and < 3.5 mm. Some recent stud-
ies with narrow-diameter implants have reported implant
success and survival rates similar to those obtained with
greater diameter implants (11,12). However, few studies
with prolonged periods of follow-up evaluating the pre-
dictability of these implants have been published.

The objective of the present literature review is to eval-
uate the predictability of narrow-diameter implants as
an alternative to other technically more complex pro-
cedures, based on the survival rates, changes in peri-
implant bone height and related complications.

Material and Methods

- Search strategy

A Medline-PubMed search was conducted of studies
published in English between January 2002 and June
2012 (both included), using the following MESH terms:
“narrow implant”, “survival rate”, “peri-implant bone
loss”, “related complications”. In order to minimize
search bias, we also conducted a manual search of rel-
evant articles published in four major implant journals
with an important impact factor (International Journal
of Oral & Maxillofacial Implants, Clinical Oral Im-
plants Research, Journal of Periodontology, and Clini-
cal Implant Dentistry and Related Research). The elec-
tronic and manual searches yielded fifty-one potentially
relevant studies, based on the review of the correspond-
ing abstracts. Following the full-text evaluation of these
publications, only twenty-one studies were found to
meet the inclusion criteria and were finally included in
the review.

- Selection of studies and inclusion criteria

A single reviewer carried out the search. The variables
of interest were implant survival, changes in peri-im-
plant bone height, and related complications. Implant
survival was defined as implant persistence in the mouth
at the time of evaluation.

The studies included in the review were required to
meet the following criteria:

o Full-text articles published in English in indexed
journals between January 2002 and June 2012 (both in-
cluded).

o Presentation of clinical results with implants of diam-
eter < 3.5 mm and > of 3.0 mm.

o Systematic reviews, randomized clinical trials, and
prospective or retrospective human cohort studies.

0 A duration of follow-up of at least 12 months.
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- Data extraction

All of the included studies were independently re-
viewed and analyzed. We collected data referred to the
design of the studies (type of study, duration of follow-
up, number of patients, number of implants, and type of
edentulism) and the characteristics of treatment (type
of implant, surgical technique employed, location of the
implants, and type of prosthetic restoration). We also
analyzed the variables reflecting the results of treatment
(survival rate, peri-implant bone loss, associated com-
plications [biological, prosthetic and aesthetic] and the
results obtained with immediate loading).

Results

- Variables associated to the study design (Table 1)

The review included four randomized clinical trials (13-
16), ten prospective studies (17-26) and seven retrospec-
tive studies (12,27-32). The follow-up periods ranged
from 12 months to 12 years.

The twenty-one reviewed studies included a total of
1607 patients. Five studies involved over 100 patients
(12,19,27,28,30). The patient age ranged from 13 to 87
years. Medically compromised subjects were excluded
in all the studies. A total of 2980 implants were included
in the review.

Regarding the type of edentulism, three studies includ-
ed only totally edentulous individuals (16,21,24), five
studies included both partially and totally edentulous
patients (13,19,22,30,31), seven studies included par-
tially edentulous cases (12,18,20,26-29), and six studies
included only patients with a single missing tooth (13-
15,23,25,32).

- Variables associated to the characteristics of treatment
(Table 2)

Use was made of implants with different designs and
surface treatments. The diameter of the implants ranged
between 3.0 and 3.5 mm, and the length between 8 and
18 mm. Apart from the study published by Comfort et
al. (17), in which machined screw-shaped narrow im-
plants (Brinemark System) were used, twenty studies
described results corresponding to implants with differ-
ent surface treatments (12-16,18-32). Two of these twen-
ty studies used both machined implants and implants
with surface treatments (27,28).

Regarding the location of the implants, nine studies pre-
sented results with implants placed only in the anterior
zone (13-16,21,23,25,29,32), two studies reported re-
sults with implants positioned only in the posterior zone
(20,27), and ten studies presented results correspond-
ing to both the anterior and posterior zones (12,17-19-
,22,24,26,28,30,31).

Three studies presented results corresponding to im-
plants positioned only in the mandible (16,21,32), an-
other three studies included implants only in the upper
maxilla (14,24,25), and fifteen studies included implants
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Table 1. Variables associated to the study design () Mean follow-up, TE: totally edentulous, PE: partially edentulous, P-TE: partially & totally

edentuolous, ST: single-tooth.
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AUTHOR TYPE OF STUDY FOLLOW-UP NUMBER PATIENTS TYPE OF
YEAR PERIOD /IMPLANTS EDENTULISM
EL SHEIKH ET AL. 2012 (26) PROSPECTIVE 24 MONTHS 20/30 TE
BARTER ET AL. 2012 (14) PROSPECTIVE 24 MONTHS 22/22 PE
ZEMBIC ET AL. 2012 (20) RANDOMIZED CLINICAL 12 MONTHS 44 /54 ST
TRIAL
LEE ET AL. 2012 (27) RETROSPECTIVE 1-12 (4.9) YEARS 338/ 541 PE
CHIAPASCO ET AL. 2012 (28) PROSPECTIVE 24 MONTHS 18/51 P-TE
AL-NAWAS ET AL. 2012 (21) RANDOMIZED CLINICAL 12 MONTHS 89/178 TE
TRIAL
GALINDO-MORENO ET AL. 2011 (15) RANDOMIZED CLINICAL 12 MONTHS 69/97 ST
TRIAL
MALO Y DE ARAUJO NOBRE 2011 RETROSPECTIVE 1-11 (5) YEARS 147 /247 PE
(16)
SOHN ET AL. 2011 (29) RETROSPECTIVE 23 + 4.3 MONTHS 32/62 PE
ARISAN ET AL. 2010 (30) RETROSPECTIVE 9.1 YEARS 139/316 P-TE
DEGIDI ET AL 2009 (19) RANDOMIZED CLINICAL 3 YEARS 60 /60 ST
TRIAL
DEGIDI ET AL. 2009 (18) PROSPECTIVE 4 YEARS 40/93 PE
FRANCO ET AL. 2009 (31) RETROSPECTIVE 25 MONTHS 36/94 P-TE
DEGIDI ET AL. 2008 (12) RETROSPECTIVE 20 MONTHS 237/510 PE
REDDY ET AL. 2008 (32) PROSPECTIVE 12 MONTHS 12/31 ST
VELTRI ET AL. 2008 (33) PROSPECTIVE 12 MONTHS 12/73 TE
ZARONE ET AL. 2006 (34) PROSPECTIVE 24-39 MONTHS 30/34 ST
ROMEO ET AL. 2006 (35) PROSPECTIVE 7 YEARS 68/122 PE
CORDARO ET AL. 2006 (36) RETROSPETIVE 23 MONTHS 31/44 ST
COMFORT ET AL.2005 (13) PROSPECTIVE 5 YEARS 9/23 P-TE
ZINSLIET AL. 2004 (17) PROSPECTIVE 6 YEARS 1547298 P-TE

in both the upper maxilla and mandible (12-14,17-20-
,22,23,26-31).

Regarding the surgical technique employed, a full-
thickness flap was raised for implant placement in all
the studies (12-32). Nine studies used a single-step sur-
gical protocol (12-15,20-22,26,27), five studies used a
two-step protocol (17,19,24,25,31), two studies included
both single and two-step surgical protocols (18,30), and
three studies performed surgery involving the raising

of a full-thickness flap without offering further details
(16,28,29). Only three studies presented results compar-
ing implants placed with a flapless technique versus the
raising of a full-thickness flap (15,23,29).

Six of the reviewed studies included only single-tooth
cases (13,14,15,23,25,26). Regarding the rest of the stud-
ies, three of them included only fixed partial prostheses
(12,18,20), two studies presented only results corre-
sponding to mandibular overdentures (16,21), and one
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Table 2. Variables associated to the characteristics of the treatment. OD: overdenture FPP: fixed partial prostheses ANT & POST: anterior &
posterior FTF: full-thickness flap.

AUTHOR TYPE OF | LOCATION SURGICAL TYPE OF RESTORATION
YEAR IMPLANT TECHNIQUE
EL SHEIKH ©33 MANDIBLE FTF oD
ET AL. 2012 (26) 10, 12, 14 mm | ANTERIOR SINGLE-STEP
BARTER 03,3 BOTH JAWS FTF
ET AL. 2012 (14) 10, 12mm | ANT & POST SINGLE-STEP FPP
TWO-STEP
ZEMBIC ©3,0 BOTH JAWS FTF
ET AL. 2012 (20) 13, 15 mm ANTERIOR FLAPLESS SINGLE-TOOTH
LEE ©3,3 03,4 BOTH JAWS SINGLE-TOOTH
ET AL. 2012 27) x3,5 ANT & POST FTF
8,9, 10, 11, FPP
11,5, 12, 13,
14, 15 mm
SINGLE-TOOTH
03,3 BOTH JAWS FTF FPP
CHIAPASCO 8,10, 12mm | ANT & POST SINGLE-STEP (0)))
ET AL. 2012 (28)
AL-NAWAS ©3.3 MANDIBLE FTF OD
ET AL. 2012 (21) 8,9,10,12,14 | ANTERIOR
mm
GALINDO-MORENO ©33 BOTH JAWS FTF
ET AL. 2011 (15) 11, 13, 15 mm SINGLE-STEP SINGLE-TOOTH
ANTERIOR
©33 BOTH JAWS SINGLE-TOOTH
MALO Y DE ARAUJO 10, 11,5, 13, FTF
NOBRE 2011 (16) 15 mm POSTERIOR FPP
SINGLE-TOOTH
SOHN ©3,0 BOTH JAWS FTF
ET AL. 2011 (29) 12, 15 mm ANTERIOR FLAPLESS FPP
ARISAN 03,3034 BOTH JAWS FTF FPP
ET AL. 2010 (30) 8,9,5, 11,13, | ANT & POST SINGLE-STEP
15 TWO-STEP oD
DEGIDI ©3,0 UPPER FTF SINGLE-TOOTH
ET AL 2009 (18) 13,15 mm MAXILLA
ANTERIOR
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Table 2. Continue.
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DEGIDI 3,0 BOTH JAWS FTF FPP
ET AL. 2009 (19) 11, 13, 15 mm | POSTERIOR
FPP
FRANCO ©3,0-03,5 BOTH JAWS FTF
ET AL. 2009 (31) 10,13,16 mm | ANT & POST TWO-STEP OD
DEGIDI ©3,3-93,5 BOTH JAWS FTF FPP
ET AL. 2008 (12) 8-18 mm ANT & POST
REDDY 3,0 BOTH JAWS FTF SINGLE-TOOTH
ET AL. 2008 (32) ANTERIOR FLAPLESS
VELTRI e 3,5 UPPER FTF FULL ARCH FIXED
ET AL. 2008 (33) 9,13, 15,17 MAXILLA TWO-STEP REHABILITATION
mm ANT & POST
ZARONE 3,3 UPPER FTF SINGLE-TOOTH
ET AL. 2006 (34) 10, 12, 14 mm MAXILLA TWO-STEP
ANTERIOR
SINGLE-TOOTH
ROMEO 033 BOTH JAWS FTF
ET AL. 2006 (35) 10,12 mm ANT & POST SINGLE-STEP FPP
CORDARO e 3,5 MANDIBLE FTF SINGLE-TOOTH
ET AL. 2006 (36) ANTERIOR
FULL ARCH FIXED
COMFORT 03,3 BOTH JAWS FTF REHABILITATION
ET AL. 2005 (13) 10,13,15mm | ANT & POST TWO-STEP FPP
SINGLE-TOOTH
ZINSLI 3,3 BOTH JAWS FTF FPP
ET AL. 2004 (17) 8,10,12 mm ANT-POST TWO-STEP OD

study included only cases of full arch fixed rehabilita-
tions (24). On the other hand, six studies presented re-
sults corresponding to both single-tooth cases and fixed
partial prostheses (26,27,28,29-31), two studies present-
ed results corresponding to single-tooth cases, fixed
partial prostheses and overdentures (19,22), and one
study presented results corresponding to both full arch
fixed rehabilitations and fixed partial prostheses (17).

- Variables associated to the results of treatment (Table 3)
The recorded implant survival rates were above 90% in all
the studies. Six studies published a survival rate of 100%
at the end of the follow-up period (14,20,22,24,29,32).
The lowest survival rate (90.9%) corresponded to the
study published by Barter et al. (18).

58 failures (implant loss) were recorded out of a total
of 2980 implants. Only five studies (12,27,28,30,31) of-
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fered information on the length of the failed implants
(43 implants). A larger number of failures were recorded
with implants measuring < 13 mm in length, compared
with implants > 13 mm in length. The authors did not
examine whether these data were statistically signifi-
cant or not.

Nineteen studies measured changes in peri-implant
bone height after implant loading (12-18,20-30,32). The
values ranged between 0.065 mm the first year accord-
ing to Galindo-Moreno et al. (13) and 1.74 mm after a
follow-up period of 10 years in the study published by
Malo and de Araujo (27).

In relation to the recorded complications, eleven stud-
ies (13,15-17,19,21,23,26,28,30,31) registered biological
complications. The latter were mainly related to a lack
of implant osseointegration and infectious problems.
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Table 3. Variables associated to the results of the treatment * 1 year ** 2 years *** 3 years =5 years # 10 years N.P = NOT PU-
BLISHED.
AUTHOR NUMBER OF SURVIVAL RATE | PERI-IMPLANT BONE | COMPLICATIONS
YEAR IMPLANTS LOSS
EL SHEIKH ET AL. 2012 (26) 30 98 % 0.8 ** BIOLOGICAL
BARTER ET AL. 2012 (14) 22 90.9 % 0.33 +£0.54 ** N.P
ZEMBIC ET AL. 2012 (20) 54 98 % 1.6 mm BIOLOGICAL
(0.8-4.6) * PROSTHETIC
AESTHETIC
LEE ET AL. 2012 (27) 541 98.1 % 0.07 £0.20 * BIOLOGICAL
PROSTHETIC
CHIAPASCO ET AL. 2012 (28) 51 100 % 0-1 mm N.P
AL-NAWAS ET AL. 2012 (21) 178 98 % 0.3+0.6 mm * BIOLOGICAL
GALINDO-MORENO 97 95.9 % 0.065 * BIOLOGICAL
ET AL. 2011 (15) PROSTHETIC
MALO Y DE ARAUJO NOBRE 247 95.1 % 1.16 mm * N.P
2011 (16) 1.53 mm .
1.74 mm #
SOHN ET AL. 2011 (29) 62 100 % 0.53+£0.37 mm * N.P
ARISAN ET AL. 2010 (30) UPPER MAXILLA BIOLOGICAL
316 923 % 1.32£0.13 mm PROSTHETIC
MANDIBLE AESTHETIC
1.28 £ 0.3 mm
DEGIDI ET AL 2009 (19) 60 100 % IMMEDIATE LOADING
0.85+0.71 mm PROSTHETIC
DELAYED LOADING
0.75 +0.63 mm
DEGIDI ET AL. 2009 (18) 93 100 % 1.16 £ 0.9 mm PROSTHETIC
FRANCO ET AL. 2009 (31) 94 95.7 % N.P BIOLOGICAL
DEGIDI ET AL. 2008 (12) 510 99.4 % IMMEDIATE LOADING
Imm N.P
DELAYED LOADING
0.9mm
REDDY ET AL. 2008 (32) 31 96.7 % 0.7 mm * BIOLOGICAL
AESTHETIC
VELTRI ET AL. 2008 (33) 73 100 % 03+0.13* N.P
ZARONE ET AL. 2006 (34) 34 97,06 % 1.2 £0.61 mm ** AESTHETIC
ROMEO ET AL. 2006 (35) 122 98.1 % 1.5+1.5 BIOLOGICAL
PROSTHETIC
CORDARO ET AL. 2006 (36) 44 100 % 0.8 ** AESTHETIC
COMFORT ET AL. 2005 (13) 23 95,6 % 0.41+0.17 * BIOLOGICAL
ZINSLI ET AL. 2004 (17) 298 96.6 % N.P BIOLOGICAL
PROSTHETIC
IMPLANT
FRACTURE
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Prosthetic complications were registered in eight stud-
ies (13-15,19,20,26,28,30). Only the study published by
Zinsli et al. (19) reported implant fractures. Specifically,
the authors recorded two fractures after an observation
period of less than two years in one case and more than
six years in the other.

Other prosthetic complications of lesser importance as-
sociated to the use of narrow-diameter implants were
also documented, such as screw loosening, prostheses
decementation, screw fracture or prostheses fracture.
Five studies presented results referred to aesthetic com-
plications (15,23,25,30,32). These problems mainly in-
volved a poor aesthetic outcome of the definitive restora-
tion or insufficient filling of the interproximal papilla.
Lastly, as regards of the results obtained with imme-
diate loading, only five studies (12,14,15,20,27) offered
information comparing an immediate loading proto-
col and a delayed loading protocol. In 2008, Malo and
de Araujo (27) published a retrospective study on 3.3
mm implants placed in posterior areas and rehabili-
tated following an immediate loading protocol. The re-
corded implant survival rate was 95.5% after 9 years of
follow-up. That same year, Degidi et al. (12) published
a study comparing delayed and immediate loading in
narrow-diameter implants placed in both anterior and
posterior zones. The reported survival rate was 99.4%
after a mean follow-up of 20 months. In 2009, the same
authors (20) reported a 100% survival rate with 3.0 mm
implants. In this study the authors treated patients with
partially edentulous posterior areas rehabilitated with
an immediate loading protocol followed-up on for 48
months. Likewise in 2009, Degidi et al. (14) published
another study comparing peri-implant bone loss and
probing depth between the two protocols. In this study,
involving a follow-up period of 36 months, the differ-
ences were not statistically significant. In 2011, Zem-
bic et al. (15) reported a survival rate of 98% for single
3.0 mm implants subjected to immediate loading and
followed-up on for one year.

Discussion

Some studies have found the survival of narrow-diam-
eter implants (3.0 - 3.5 mm range) to be comparable to
those obtained with standard-diameter implants (12,19).
This review only included four randomized clinical tri-
als supporting such performance (13-16).

Thirteen of the twenty-one studies included in the re-
view presented a mean follow-up period of at least 24
months (14,17-22,25-28,30,31). The patient sample was
quite large and included both totally and partially eden-
tulous individuals. Due to the great variety of implants
analyzed and the high survival rates recorded, it is dif-
ficult to establish a relationship between the character-
istics of the different surfaces and implant survival. Re-
garding length, the failure rate tended to increase when
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using implants measuring < 13 mm in length, compared
with longer implants. The statistical significance of
these results could not be analyzed.

In 2006, Cardaropoli et al. (33) reported a mean interproxi-
mal bone loss of 1.5 mm during the first year for standard-
diameter implants. Other authors, based on finite elements
analysis, found that an increase in implant diameter exerts
a greater effect in terms of the reduction of stress transmis-
sion than an increase in implant length (34).

The possibility is therefore raised that smaller-diameter
implants are associated to greater bone loss after func-
tional loading. The results obtained in this review con-
tradict this idea, since thirteen of the reviewed studies
recorded a mean bone loss of < 1 mm (12-14,16-18,21-
24,28,29,32). The greatest peri-implant bone loss value
was 1.74 mm, reported in a study published by Malo and
de Araujo, with a follow-up period of 10 years (27).
Independently of the surgical technique used, good
results were obtained with narrow-diameter implants
placed in both the anterior and the posterior areas of
both jaws.

Favorable results were also obtained with narrow-diam-
eter implants supporting different types of prosthetic
restorations, some of which implied increased biome-
chanical demands upon the implants.

Although some authors have related the use of narrow-
diameter implants with an increased risk of implant
fracture (35,36), no such association was observed in
this review. Indeed, only two fractures were recorded
out of a total of 2980 implants. In any case, these re-
sults are probably conditioned by the study designs in-
volved.

Since the need for bone grafts or regeneration tech-
niques was obviated, the incidence of biological com-
plications was relatively low. The recorded prosthetic
complications were generally few and easy to resolve.
Very little information was obtained on the aesthetic
complications associated to the use of narrow-diameter
implants.

Only five of the twenty-one studies included in the re-
view contributed information on the results obtained
with narrow-diameter implants subjected to immediate
loading (12,14,15,20,27). The follow-up periods in these
studies were 12 months, 20 months (mean follow-up),
36 months, 48 months and 9 years. Good results (with
implant survival rates of over 95%) were observed in all
of them. However, since the publications were so few,
further studies involving longer periods of follow-up
are needed in order to confirm these results.

Different factors may have influenced the results obtained.
Firstly, most of the studies excluded smokers, patients with
bruxism and medically compromised subjects from the
analysis of results. Secondly, bone quality - which condi-
tions primary implant stability - and the experience of the
clinician, may have exerted a decisive influence.
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Conclusion

Despite the limitations inherent to reviews of this kind,
the results obtained appear to confirm the idea that
treatment with narrow-diameter implants offers clini-
cal results in terms of implant survival, peri-implant
bone loss and associated complications similar to those
of treatment with implants of greater diameter. Further
studies are needed, with longer follow-up periods, in or-
der to confirm these conclusions.
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