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Background: Narrow diameter implants ([NDIs]; diameter
<3.75 mm) are a potential solution for specific clinical situa-
tions such as reduced interradicular bone, thin alveolar crest,
and replacement of teeth with small cervical diameter. NDIs
have been available in clinical practice since the 1990s, but
only a few studies have analyzed their clinical outcome.

Methods: From November 1996 to February 2004, 237
patients were selected, and 510 NDIs were inserted. Implant
diameter ranged from 3.0 to 3.5 mm, multiple implant sys-
tems were used, and 255 implants were restored immediately
without loading (IRWL). No statistical differences were detected
among the studied variables. Consequently, marginal bone loss
(MBL) was considered an indicator of the success rate (SCR) to
evaluate the effect of several host-, surgery-, and implant-
related factors. A general linear model (GLM) was used to
detect those variables statistically associated with MBL.

Results: Only three of 510 implants were lost (survival rate
[SRR] = 99.4%), and no differences were detected among the
studied variables. On the contrary, the GLM showed that delayed
loading and longer (>13 mm) and larger (3.4 and 3.5 mm) NDIs
reduced MBL.

Conclusions: NDIs have a high SRR and SCR, similar to those
reported in previous studies of regular diameter implants. More-
over, IRWL of NDIs is a reliable procedure, although a slightly
higher bone resorption is reported compared to delayed loading.
No implant fractures were detected in the present series.
J Periodontol 2008;79:49-54.
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T
he concept of osseointegration,
i.e., the direct anchorage of endo-
sseous implants made of com-

mercially pure or titanium alloy to the
bone, was a breakthrough in oral reha-
bilitation.1 Experimental and clinical
experience led to the establishment of
clinical guidelines for the predictable
achievement of osseointegration.2,3 The
identification of factors for the long-term
survival rate ([SRR]; total implants still in
place at the end of the follow-up) and
success rate ([SCR]; good clinical, radi-
ologic, and esthetic outcome) is the main
goal of the recent literature.4-19 Several
variables can influence the final result;
however, in general, they can be grouped
as surgery-, host-, implant-, and occlu-
sion-related factors.4 The surgery-related
factors consist of several variables, such
as an excess of surgical trauma, e.g.,
thermal injury,5 bone preparation, drill
sharpness, and design.6 Bone quality and
quantity are the most important host-
related factors,6,7 whereas length8 and
design,9-11 surface coating,12 and diame-
ter13-17 are the strongest implant-related
factors. Finally, quality and quantity of
force18 and prosthetic design19 are the
variables of interest among the occlusion-
related factors. All of these variables are of
interest in scientific investigations be-
cause they may affect the clinical out-
come.

The choice of implant diameter de-
pends on the type of edentulism, the vol-
ume of the residual bone, the amount of
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space available for the prosthetic reconstruction, the
emergence profile, and the type of occlusion. Narrow
diameter implants (NDIs; diameter <3.75 mm) have
specific clinical indications, e.g., where there is re-
duced interradicular bone or a thin alveolar crest,
and for the replacement of teeth with a small cervical
diameter. In general, it seems that guidelines devel-
oped for the surgical placement and prosthetic resto-
ration of regular size implants (RDIs; diameter = 3.75
mm) can be applied to NDIs; however, although NDIs
have been available since the 1990s, few studies13-17

have analyzed the clinical outcome of such implants.
These reports showed good medium- and long-term
results with two-stage surgical procedures.

In 2000, Vigolo and Givani13 presented a 5-year
retrospective study on 52 mini-implants for single-
tooth restorations. The NDIs§ had a diameter ranging
from 2.9 to 3.25 mm. Three implants were lost, with a
total implant survival rate ([SRR]; total implants still in
place at the end of the follow-up) of 94.2%. In a sub-
sequent report, Vigolo et al.16 studied 192 NDIs for
single-tooth or partial prostheses placed in 165 pa-
tients with a 7-year follow-up: the total implant SRR
was 95.3%. Two-stage surgery was performed in both
studies. The investigators concluded that NDIs have
an SRR similar to those reported in previous studies
of RDIs and suggested that NDIs can be included
successfully in implant treatment.

Zinsli et al.15 reported on 298 3.3-mm implantsi

inserted in 149 partially or completely edentulous
patients evaluated over a 10-year period. After a stan-
dard healing period (3 to 6 months), the implants were
restored with fixed restoration, such as single crowns,
fixed partial or complete prosthesis, or overdentures.
Complete prostheses or overdentures in the edentu-
lous jaw were the predominant types of restoration.
The cumulative 5-year implant survival rate was
98.7%; after 6 years, it was 96.6%. The investigators
concluded that the success of the 3.3-mm implants
seemed to be predictable if clinical guidelines were
followed and appropriate prosthetic restorations were
provided, failures of NDIs were infrequent, and pros-
thetic complications were not dependent on the use
of NDIs. However, fatigue fractures could occur after
a long period of loading.

In 2005,Comfort et al.17 reporteda5-yearprospec-
tive study on NDIs (diameter = 3.3 mm). Twenty-three
implants were placed with an SRR of 96%.

Although the above-mentioned studies reported a
good clinical outcome, only two studies15,16 analyzed
a large series, and none focused specifically on the ef-
fect of immediate loading on NDIs. Immediate loading
means placing the final or provisional prosthetic res-
toration immediately or within 48 hours of the surgical
procedure.20-23 It is referred to appropriately as im-
mediate loading when the prosthetic restoration is in

occlusal contact; otherwise, it is known as immediate
restoration without loading (IRWL).20

In addition, concerns may arise from the fact that
reduced diameter means a reduction in the contact
surface between the implant and the bone, and one
might ask if, in this condition, osseointegration is suf-
ficient to withstand the loading forces. Decreasing the
diameter also means increasing the risk for implant
fracture due to reduced mechanical stability and in-
creasing the risk for overload.13-17

In implant dentistry, the use of RDIs generally is
recommended to ensure adequate bone-to-implant
contact. Occasionally, the space available may be in-
sufficient for the placement of an RDI; in these cases,
an NDI can be an acceptable solution.14 NDIs are used
inareaswhereridgedimensionisnarroworspaceis lim-
ited. These conditions are found frequently in the max-
illa, especially insituationswhere teetharecongenitally
missing. Lack of sufficient space for an RDI also is com-
mon in the mandibular incisor, maxillary premolar, and
canine regions. Furthermore, the placement of an NDI
can be an alternative to bone-augmentation surgery in
patients with thin posterior mandibular ridges. Under
these conditions, NDIs have been used successfully in
delayed-loading conditions.13-17

For the above-mentioned reasons, it was decided
to perform a retrospective study on a large series of
510 NDIs to evaluate the clinical outcome with special
attention to IRWL implants.

MATERIALS AND METHODS

Data were collected as in previous studies.21-23 All
implants had a diameter <3.75 mm (NDI).

Patients
During the period from November 1996 to February
2004, 237 patients (91 males and 146 females; me-
dian age, 50 years; range, 18 to 80 years) were se-
lected. Informed written consent, approved by the
Ethics Committee of the University of Chieti-Pescara,
was obtained from patients to use their data for re-
search purposes. The patients were followed for a me-
dian of 20 months (range, 3 to 96 months) after
loading.

Subjects were enrolled in the study according to the
following inclusion criteria: controlled oral hygiene
(overall plaque score <20%24), the absence of any
lesions in the oral cavity, and sufficient residual bone
volume to receive implants ‡3.0 mm in diameter
and ‡8 mm in length. In addition, the patients agreed
to participate in a postoperative control program.

Exclusion criteria were insufficient bone volume to
contain implants <3.0 mm in diameter and <8 mm in
length; a high degree of bruxism, i.e., a dental erosion
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with dentin exposure of more than two teeth per jaw;
smoking >20 cigarettes/day; excessive consumption
of alcohol (;1 l/day of wine); localized radiation ther-
apy of the oral cavity; antineoplastic chemotherapy;
liver diseases; blood diseases; kidney diseases; im-
munosuppression; use of corticosteroids; pregnancy;
inflammatory and autoimmune diseases of the oral
cavity; and poor oral hygiene (overall plaque score
>20%24).

Data Collection
Before surgery, periapical radiographs, orthopanto-
mograms, and computed axial tomography scans
were taken. Periapical radiographs were used in the
follow-up period.

In each patient, peri-implant marginal bone levels
were evaluated by calibrated examination of periapi-
cal radiographs.Measureswere recordedafter surgery
and at the end of the observation period, i.e., by
February 2004. The measurements were made mesi-
ally and distally to each implant, calculating the dis-
tance between the edge of the implant and the most
coronal point of contact between the bone and the
implant. The bone level recorded just after the surgical
insertion of the implant was the reference point for the
subsequent measurements. The measurement was
rounded off to the nearest 0.1 mm. A scale loupe¶ with
amagnificationofseventimesandascalegraduated in
0.1 mm were used. All of the measurements were
made by three independent examiners.

SCR was evaluated according to the following cri-
teria: absence of persisting pain or dysesthesia, ab-
sence of peri-implant infection with suppuration,
and absence of implant mobility tested individually.25

In addition, we evaluated the absence of persisting
peri-implant bone resorption >1.5 mm during the first
year of loading and >0.2 mm/year during the subse-
quent years.

Implants
A total of 510 implants were inserted in 237 patients.
There were eight Ankylos,# 13 Brånemark,** 12
Frialit,†† nine IMZ,‡‡ 69 Maestro,§§ two Maximus,ii

13 Restore,¶¶ 345 XiVE,## and 39 XiVE TG*** im-
plants. Implant diameter ranged from 3.0 to 3.5 mm,
and implant length ranged from 8 to 18 mm. Table 1
shows a cross tabulation between implant location
and mean length/width of the case series. A total of
193 implants were inserted in the maxilla, and 258
were placed in bone with quality £D2 (bone quality
was defined as indicated by Misch:26 D1 = thick corti-
cal and dense cancellous bone; D2 = thick cortical and
fenestrated cancellous bone; D3 = thin cortical and
dense cancellous bone; and D4 = thin cortical and fen-
estrated cancellous bone). There were 67 immediate
postextraction implants, and 443 were placed in healed

sites. Half (255) were IRWL implants, and half were
delayed-loaded implants. Patients were treated alter-
nately with IRWL or the delayed-loaded protocol.

Surgical and Prosthetic Technique
All patients underwent the same surgical protocol.
Antimicrobial prophylaxis consisted of amoxicillin,
500 mg twice daily for 5 days, starting 1 hour before
surgery. Local anesthesia was induced by infiltration
with articaine/epinephrine, and post-surgical analge-
sia consisted of nimesulide, 100 mg twice daily for
3 days. Patients ate a soft diet for 4 weeks, and oral
hygiene instructions were provided.

After a crestal incision, a mucoperiosteal flap was
elevated. Implants were inserted according to the
procedures recommended. In the case of immediate
loading, a temporary restoration was relined with
acrylic, and trimmed, polished, and cemented or
screw retained 1 to 2 hours later. Occlusal contact
was avoided in centric and lateral excursions, i.e.,
IRWL. After provisional crown placement, a periapical
radiograph was impressed by means of a customized
holder device.††† This device was necessary to main-
tain the x-ray cone perpendicular to a film placed
parallel to the long axis of the implant. Sutures were
removed 14 days after surgery. The provisional crown
was removed 24 weeks after the implant insertion,
and a final impression of the abutment was made us-
ing polyvinylsiloxane impression material. The final
restoration was cemented in all cases and was deliv-
ered ;32 weeks after implant insertion. All patients
were included in a strict hygiene recall.

Table 1.

Demographics of Implant Location,
Length, and Width

Location

Cases

(N)

Length (mm;

mean [range])

Width (mm;

mean [range])

Incisor 158 14.5 (10 to 18) 3.3 (3.0 to 3.5)

Canine 33 14.5 (11 to 18) 3.25 (3.0 to 3.5)

Premolar 169 13.3 (9.5 to 18) 3.24 (3.0 to 3.5)

Molar 150 11.4 (8 to 15) 3.3 (3.0 to 3.5)

¶ Peak, Rolyn Optic, Covina, CA.
# Ankylos, DENTSPLY Friadent, Mannheim, Germany.
** Brånemark, Nobel Biocare, Gothenburg, Sweden.
†† Frialit, DENTSPLY Friadent.
‡‡ IMZ, DENTSPLY Friadent.
§§ Maestro, BioHorizons, Birmingham, AL.
ii Maximus, BioHorizons.
¶¶ Restore, Lifecore Biomedical, Chaska, MN.
## XiVE, DENTSPLY Friadent.
*** XiVE TG, DENTSPLY Friadent.
††† Rinn, Rinn CP, Densply Rinn, Elgin, IL.
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Statistical Analysis
No statistical differences were detected among the
studied variables by using the Kaplan-Meier product-
limit estimation.27 No or reduced marginal bone loss
(MBL) was considered an indicator of SCR to evaluate
the effect of several host-, surgery-, implant-, and
occlusion-related factors.

The difference between the implant–abutment junc-
tion and the crestal bone level was defined as the inser-
tion abutment junction (IAJ) and was calculated at the
time of surgery and during follow-up. Delta IAJ (DIAJ)
is the difference between IAJ at the last check-up and
IAJ recorded just after the operation. DIAJ medians
were stratified according to the variables of interest.
A general linear model was used to detect those vari-
ables associated with a DIAJ.28

RESULTS

Three of the 510 implants were lost during the follow-
up period with an SRR of 99.4%.

There was no statistically significant difference in the
median DIAJ (MDIAJ that corresponds to MBL and is in-
dicative of SCR) with regard to implant type (Ankylos:
-0.45 mm; Brånemark: -1.20 mm; Frialit: -1.20 mm;
IMZ: -1.40 mm; Maestro: -1.30 mm; Maximus: -1.15
mm; Restore: -1.20 mm; XiVE: -0.90 mm; and XiVE
TG:-0.45mm),site (maxilla:-1.00mmandmandible:
-1.00 mm), bone quality (£D2: -0.90 mm and
>D2: -1.00 mm), and postextractive site (postextrac-
tive: -1.00 mm and healed site: -1.00 mm). Statisti-
cally significant differences were detected regarding
MDIAJ for type of implant loading (delayed: -0.90
mm and immediate: -1.00 mm), NDI diameter (£3.3
mm: -0.97mmand >3.3mm: -0.81mm),and implant
length (£13 mm: -1.00 mm and >13 mm: -0.90 mm).

Table 2 shows that wider diameter (3.4 and
3.5 mm), longer length (>13 mm), and delayed load-
ing were related to a lower DIAJ, i.e., reduced MBL,
and, thus, a better outcome (or SCR).

The three failed implants are reported in Table 3.

DISCUSSION

Although a good clinical outcome was reported in the
above-mentioned studies,13-17 none focused on the
effect of immediate loading on NDIs. In the present
study, 510 NDIs were evaluated, with only three fail-
ures during a mean observation period of 20 months
(SRR = 99.4%).

No statistically significant differences were de-
tected among the studied variables by using the
SRR. No or reduced MBL was considered an indicator
of SCR to evaluate the effect of host-, surgery-,
implant-, and occlusion-related factors.

In general, length, surface, and diameter are con-
sidered relevant implant-related factors. Tarnow
et al.29 proposed using implants ‡10 mm in the case

of immediate loading. In the present series, where
IRWL was performed, implant length, diameter, and
type were not critical points for SRR. The implants that
failed were 13, 15, and 18 mm in length; two implants
were 3.4 mm wide, and one was 3.0 mm wide (Table
3). Conversely, a different SCR according to length
and diameter was found (Table 3) with a better out-
come with regard to reduced MBL over time for longer
and wider implants. This fact is related to an overload-
ing of bone around the implant because a reduced
diameter means a reduction in the contact surface
between the implant and bone. No statistically signif-
icant difference was detected with regard to implant
type. This could be due to a high number of analyzed
implant types (nine types) and to the small number
used for some types, i.e., approximately only 10 im-
plants were used of six types. This fact explains the
apparent paradox of no detected difference between
fixtures with platform switch, e.g., Ankylos, and
one-piece fixtures with no abutment connection at
the crest level, e.g., XiVE TG. It is well known that
the implant–abutment junctions retain bacteria; there-
fore, it had an impact on the vertical bone loss that
we did not detect.

Immediate loading of implants in postextraction
sites is one of the current main topics in implant den-
tistry, but only a few reports30,31 have focused on this
surgery-related factor. In the present study, 255 im-
plants were IRWL, of which 194 were inserted in
healed bone, and 61 were inserted in postextraction
sockets. No statistically significant differences were
observed. Consequently, the IRWL of NDI implants
inserted in postextraction sites could be considered
a predictable clinical procedure as it is for RDIs.23

Table 2.

Output of the General Linear Model
Reporting Variables Statistically
Associated With DIAJ

95% Confidence Interval

Parameter SE Sig. Lower Boundary Upper Boundary

Intercept 0.312 0.000 -3.441 -2.215

Age 0.001 0.004 1.258E-03 6.490E-03

Gender 0.035 0.000 5.908E-02 0.198

Loading 0.039 0.000 0.112 0.266

Diameter 0.096 0.000 0.264 0.642

Length 0.036 0.001 4.677E-02 0.190

Months 0.001 0.000 -1.631E-02 -1.167E-02

Sig. = significance.
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Bone quality, a host-related factor, is believed to be
the strongest predictor of outcome in immediate load-
ing. Misch32 reported that most immediately loaded
implants are placed in anatomical sites with bone
quality of D1 or D2. It is well known that the mandible,
in particular the interforaminal region, has better bone
quality than the maxilla; this is probably why several
reports33-35 are available regarding immediately
loaded implants inserted in the mandible with a high
SRR. In the present study, no statistically significant
differences were found between the mandible and
the maxilla and among different bone qualities. NDIs
probably could be used successfully in both jaws and
in sites with low-quality bone if careful patient selec-
tion and correct procedures are used.

CONCLUSIONS

NDIscanbe reliablewithahighSRRandSCR.Nodiffer-
ences were detected among the several implant types
used. Length and diameter seemed to influence MBL,
with better results for wider (3.40 mm £ diameter
<3.75 mm) and longer (>13 mm) NDIs. Immediate res-
toration ofNDIs seems tobea safeprocedure, although
slightly more bone resorption was found in the present
study compared to delayed-loaded NDIs. IRWL of NDIs
in postextraction sockets seems possible and seems to
have comparable results to those reported in healed
sites. Bone quality and sites did not seem to be major
limiting variables. Further studies are needed to better
define the use and indications of NDIs.
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