pyrig
No Co
 315
t fo
rP
ub
lica
tio
n
te
ss e n c e
n

ot

Q ui

by N
ht

CLINICAL ARTICLE

fo r

Eduardo Anitua, Jose M Errazquin, José de Pedro, Pedro Barrio, Leire Begoña, Gorka Orive

Clinical evaluation of Tiny® 2.5- and 3.0-mm
narrow-diameter implants as deﬁnitive implants
in different clinical situations: a retrospective
cohort study

Eduardo Anitua, MS,
DDS, PhD
Private practice in implantology and oral rehabilitation, Vitoria, Spain

Jose M Errazquin

Key words

failure, long-term follow-up, narrow-diameter implants, narrow implants, plasma rich
in growth factors (PRGF), survival analysis

Aim: The aim of the present study was to assess retrospectively the survival of narrow-diameter
implants (2.5 and 3 mm in diameter) in patients with insufﬁcient bone ridge thickness for placement
of standard-diameter implants.
Material and methods: Fifty-one patients with 89 inserted narrow-diameter implants (2.5 and
3.0 mm) were included. Patients were treated with one or more narrow-diameter implants between
June 2004 and December 2005. The observation period for all included implants was at least 3 years
after implant loading. Outcome measures were implant survival, complications and marginal bone
level changes evaluated on panoramic radiographs.
Results: The mean follow-up period for all implants was 48 months. Only one implant was lost,
yielding survival rates of 98.9% and 98.0% for the implant- and subject-based analyses, respectively.
Six complications were reported. Twenty-four months after implant insertion, mean bone loss was
1.26 mm (SD 0.51).
Conclusions: Narrow-diameter implants can be successfully used to treat narrow bone ridges up to
3 years after loading.

 Introduction
For more than two decades, the use of osseointegrated implants has progressively improved the treatment planning of patients who have lost their teeth
partially or totally. These advances have enabled the
restoration of partially edentulous dental arches, the
replacement of a single tooth and the use of maxillofacial, intrabuccal and extrabuccal prostheses for

signiﬁcant improvement of functional capacity and
aesthetics. By developing modiﬁcations in the designs
of the implants, it has been possible to adapt them to
the location as well as to the different characteristics of
the bone where they are to be implanted. Additionally,
it has been demonstrated that under certain circumstances the survival rates for short and wide-diameter
implants are comparable with those obtained with
longer implants and those of a standard diameter1-3.

Conﬂict of interest: The present article was funded by the Biotechnology Institute (BTI, Vitoria, Spain).
Gorka Orive and Leire Begoña are researchers at the Eduardo Anitua Foundation. Eduardo Anitua is the
scientiﬁc director of BTI.

Eur J Oral Implantol 2010;3(4):315–322

Private practice in implantology and oral rehabilitation, Irun, Spain

José de Pedro
Private practice in implantology and oral rehabilitation
in Logroño, Spain

Pedro Barrio
Private practice in implantology and oral rehabilitation
in Logroño, Spain

Leire Begoña, MSc
Eduardo Anitua Foundation,
Vitoria, Spain

Gorka Orive, PhD
Biotechnology Institute
(BTI), Vitoria, Spain
Correspondence to:
Eduardo Anitua
Instituto Eduardo Anitua,
c/ Jose Maria Cagigal 19,
10005 Vitoria, Spain
Tel: +34 945160652;
Fax: +34 945155095;
Email: eduardoanitua@
eduardoanitua.com

n

Eur J Oral Implantol 2010;3(4):315–322

Q ui

The placement of a regular-sized implant in a
reduced interradicular space may increase the risk
of violating the periodontal ligaments of adjacent
teeth. In addition, the disparity in size between the
implant, its restorative hardware and the smaller
replacement tooth may also provoke overcontouring
of the restoration4. In some cases, dental implants of
standard size cannot be placed on a regular basis, for
various clinical reasons. When the so-called ‘miniimplants’ came into use as temporary implants, the
aim was to remove them when the larger-diameter
implants were put into service. However, when clinicians attempted to remove these provisional miniimplants, they found it very difﬁcult as they were
integrated into the bone during the interim service
period. As a result, some companies producing miniimplants applied for approval of the small-diameter
implants for long-term use.
When inadequate bone width is present for placement of standard-diameter implants, most practitioners have been taught to suggest bone grafting, using
either autogenous bone or one of the many available bone substitutes, usually by bone block grafting.
However, all patients prefer minimally invasive techniques. Bone grafting is a well-documented procedure to restore lost bone volume, but it is associated
with increased morbidity and a prolonged treatment
time, with the necessary graft-healing period when
dentures cannot be worn5.
Narrow-diameter implants have the potential to
assist in this challenge. This type of implant can also
be used in other clinical situations, including narrow
interdental space, reduced bone ridge width, and the
rehabilitation of incisors characterised by limited cervical diameter6. In recent decades several studies4-22
have reported the use of narrow-diameter implants in
different clinical situations and using different surgical
techniques (immediate loading, with or without allografts, and single restorations). In most cases, satisfactory results have been obtained, achieving mediumand long-term cumulative survival rates equivalent to
those obtained in restorations using larger diameter
implants (between 94% and 100% survival rates).
The aim of the present study was to retrospectively assess survival of narrow-diameter implants
(2.5 and 3 mm in diameter) used as deﬁnitive
implants in patients with insufﬁcient bone ridge
thickness for placing standard-diameter implants,
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 Materials and methods
This article was written following the STROBE
(Strengthening the Reporting of Observational studies in Epidemiology) guidelines23.
The present study is an observational, retrospective,
multicentre clinical study. Four private centres in Spain
(Clínica Dental Dr Errazkin, Irun; Clínica Dental Dr Anitua, Vitoria; Clínica Dental Dr Barrio, Logroño; Clínica
Dental Dr De Pedro, Logroño) were involved and 51
patients with 89 inserted narrow-diameter implants
(2.5 and 3.0 mm in diameter) were included. Patients
were identiﬁed using their clinical records and all of
them who met the deﬁned criteria were included in the
study. All patients were treated with one or more Tiny®
narrow-diameter implants (Biotechnology Institute,
BTI, Vitoria, Spain) between June 2004 and December
2005. The observation period for all included implants
was at least 3 years after implant loading.
Patient inclusion criteria included both genders,
subjects with totally or partially edentulous jaws and
insufﬁcient bone ridge thickness (2.5–4 mm) for
standard implant placement who were treated by
2.5- and 3.0-mm narrow-diameter implants (one or
more). Exclusion criteria were patients whose implants
were loaded for less than 3 years. Only subjects with
good general health, without active infection or
severe inﬂammation in the areas for placement of the
implant prior to the operation, and without previous
treatment with radiotherapy in the head or neck in the
year prior to the intervention were included.

 Implant placement surgical protocol
All clinical centres followed the same surgical protocol and treatment plan. At least one panoramic
radiograph was taken for all patients prior to the intervention, to assess bone quality and quantity, and to
measure the ridge height and width of the supporting
bone. In most cases, a computerised axial tomography scan was also made to allow the physician to
make a detailed study using specialised software in
implant surgery planning (BTI Scan®, BTI). Rehabilitations were performed by six prosthodontists.

In the present study, 89 narrow-diameter implants
(2.5 and 3 mm in diameter), inserted in a total of 51
patients were included. The mean age of the patients
at insertion time was 54.84 years (standard deviation [SD] 12.6 years) (range 19 to 90 years). A total
of 39 patients were female (76.5%). Twelve subjects (23.5%) were smokers. Ten out of 51 patients
showed previous periodontal disease (19.6%), one
showed maxillary pathology (cleidocranial dysostosis), and two patients were affected by diabetes
mellitus (3.9%).
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and if none of the following events occured:

 Results

ot

Patients were referred to a series of periodic evaluations, consisting normally of evaluations at 2 to
3 days after intervention, at 1 month, at 3 months,
at 6 months and then once a year. The post-implant
assessment at each follow-up visit included different
clinical assessments to verify the status of the implant
(gingival health, prosthesis mobility, pain, infection,
alveolar ridge resorption and any complications).
Moreover, periodic panoramic radiographs were carried out to verify the state of the implant in the followup period. In each clinical centre, data were collected
from the patients’ clinical records. Variables were
registered regarding the patients, implants, surgery
and prosthesis. The primary outcome measure was
implant survival rate at the end of the observation
period (at least 3 years after implant loading). The
implant was considered to be successful if it complied with the following success criteria:
• a stable prosthesis
• absence of pain, infections or any other pathology related to the implants
• absence of a radiolucent line around the implant;

Implant loss was considered any implant lost due
to biological (failure to achieve osseointegration or
loss of acquired osseointegration) or biomechanical causes. Marginal bone levels were measured on
the panoramic radiographs taken directly after the
surgery and at least 24 months after implant placement. All panoramic radiographs were carried out
using a positioning pin (with the patient’s chin resting
on a standard device) and with the Frankfurt plane
parallel to the ground. Measurements on the panoramic radiographs were performed using computer
software (Sidexis XG, Sirona Dental Systems, Bensheim, Germany), which performs calibration of the
radiograph using a known length (implant length).
Once the radiograph was calibrated to a 1:1 ratio,
eliminating the possible presence of magniﬁcation,
measurements were made mesially and distally to the
implants, calculating the distance between the edge
of the implant and the most coronal 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.
Data collection and analysis were performed by
two independent examiners. The primary outcome
measure was implant survival. Descriptive statistics
were used. Peri-implant bone level changes were
averaged at the patient level.

n

 Clinical assessment

• implant loss
• fracture that makes support of the
impossible
• signiﬁcant bone loss
• lack of osseointegration.

Q ui

During the days prior to the intervention, all patients
received adequate prophylaxis and oral hygiene instructions. Patients received 1 g of amoxicillin and 1 g of
acetaminophen as prophylactic medication 1 h before
the intervention. Prior to the intervention, all patients
performed 1-min rinses with chlorhexidine digluconate 0.20% mouth rinse. Lips and the perioral area
were also cleaned with chlorhexidine. An inﬁltrative
anaesthesia was applied to all patients. Implant sites
were prepared using a low-speed drilling procedure
(125-50 rpm) without irrigation24. Before installation,
implants were carefully embedded in liquid plasma rich
in growth factors (PRGF®, BTI) with the aim of bioactivating the implant surface25.
After the intervention, patients were encouraged to take acetaminophen (1 g/8 h) or ibuprofen
(600 mg/8 h), in case of pain. Patients were also
instructed in the maintenance of proper oral hygiene
around implants. In addition, just after the intervention, a panoramic radiograph was taken to verify
adequate placement of the implant.
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Lengths (mm)

Implants

10

11.5

13

15

2.5

2

6

14

9

31

3.0

6

3

27

22

58

Total

8

9

41

31

89

Position

Adjacent
structures

Maxilla

Mandible

Right side

Bone type

Left side
Fig 1 Anatomic distribution of the 89 narrow-diameter implants. The y-axis shows the
anatomical location of implants whereas the x-axis illustrates both the frequency of the
inserted implants and the jaw location.

The frequency of the lengths and diameters of
the 89 narrow-diameter implants is given in Table 1.
Regarding implant positions, 66 implants (74.2%)
were inserted in the maxilla. Figure 1 shows the
anatomic distribution of the implants, and Table 2
provides the main anatomic, surgical and prosthetic
characteristics of the implants included in the study.
Regarding the prostheses used, more than a half
of the implants (55.1%) were rehabilitated with
ﬁxed partial dentures. Complete overdentures were
used in the 30.3% of the implants, whereas 13% of
the implants were rehabilitated with single crowns.
Most of the prostheses were cemented (80.9%).
Marginal bone loss was measured in 61 out of
89 implants (only those in which a panoramic radiograph was available 24 months post-insertion). Results
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%

Buccal

83

93.3

Lingual

1

1.1

Medial

5

5.6

1 tooth

2

2.2

1 implant

2

2.2

1 tooth + 1
implant

26

29.2

2 teeth

19

11.2

2 implants

49

55.1

I

6

6.7

II

30

33.7

III

37

41.6

IV

16

18.0

1

57

64.0

2

32

36.0

Crest expansion

Yes

69

77.5

No

20

22.5

Yes

46

51.7

No

43

48.3

Immediate

27

30.3

Deferred

62

69.7

0–15

16

18.0

15–30

37

41.6

30–40

36

40.5

Loading type
Frequency

No. of
implants

Surgical phases

Particulate bone
graft

Frequency

ot

Diameter (mm)

n

Table 1 Frequency of
the inserted narrowdiameter implants.
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Initial torque
(Ncm)

showed that mean marginal bone loss was 1.26 mm
(SD 0.51; median 1.26, range 0.24 to 2.73 mm).
The mean follow-up period for all implants was
48.06 months (SD 4.95). Table 3 shows the followup times for the non-failed implants and patients.
Only one implant failed during the observation
period. The patient (59-year-old female) receiving this implant suffered from rheumatoid arthritis
and presented an extremely resorbed cortical ridge.
The implant was placed in one surgical phase after
a ridge expansion procedure and using lyophilised
bone graft. Furthermore, the implant was immediately loaded, as a transitional implant.
During the study observation period, a total of
six complications were registered in six patients (two
infections, two pain episodes, one inﬂammation in

pyrig
No Co
 319
t fo
rP
ub
lica
tio
Table 3 Months of follow-up (from insertion of implant) by patients and implants.
n
te
ss e n c e
Follow-up
Patients
Implants

ot

fo r

Dental implants with a reduced diameter are
designed for speciﬁc clinical situations, such as placement of implants where bone width is narrow or
between adjacent teeth that have only a narrow
space between them. They are also a viable alternative to bone augmentation when poor alveolar
ridge width is encountered and in cases of restricted
mesiodistal anatomy. Narrow-diameter implants are
particularly useful when replacing small teeth such as
lateral maxillary and mandibular incisors.

n

 Discussion

Q ui

the mucosa around the implant, and one stomatitis).
Complications did not exceed 8 days in duration and
were described as mild, as they were well tolerated
by the subjects and did not interfere with their normal activities. One of the patients with an infection
received oral antibiotics for 4 days as treatment, while
in the other infection case, the area was drained. One
patient who presented pain received additional nonsteroidal anti-inﬂammatory drugs. Figures 2 and 3
show the clinical situations before and after treatment
in two patients involved in the study.
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(months)

N

%

Cum %

N

%

Cum %

42 to <45

5

10.0

10.0

9

10.2

10.2

45 to <50

26

52.0

62.0

47

53.4

63.6

50 to <55

16

32.0

94.0

29

33.0

96.6

55 to 60

3

6.0

100.0

3

3.4

100.0

Total

50

100.0

88

100.0

Cum, cumulative

The present study suggests that treatment with
narrow-diameter implants may be a useful alternative to treat narrow ridges. Only one implant failed
during the observation period (2.5 mm in diameter).
It has been suggested using ﬁnite elemental analysis
that wider implants may dissipate better the acting forces, thus reducing the stress in the surrounding bone26. As a consequence, it should be taken
into account that narrow-diameter implants may
potentially be more prone to failure than standarddiameter implants. This may be due to the reduced
available bone–implant contact area or to reduced
resistance to fatigue. The placement of 2.5-mm

a

b

c

d

Fig 2 Example of one
case involved in the
study. (a) The patient
was an 18-year-old
female with agenesis of
the lateral incisor. (b)
Assuming a mesiodistal
width of 6.2 mm, it
was decided to place
a 3.0-mm diameter
implant. (c) Immediate
loading was selected
for this implant. (d and
e) Results 3 years after
implant placement.

e
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Fig 3 Example of
another case involved in
the study. (a to d) Panoramic radiograph of a
58-year-old patient with
partial edentulism. The
ridge ranged between 3
and 4 mm. (e) Implants
were placed after ridge
expansion. Some Tiny®
implants were used as
transitional implants. (f)
Provisional prosthesis.
(g) When placing the
deﬁnitive prosthesis, all implants were
osseointegrated and
the transitional implants
were maintained. (h)
Final situation of the
patient 4 years after
implant placement.
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0.75 mm (SD 0.63) for the immediate and onestage groups, respectively. Results of the present
retrospective study are comparable to those reported
by other authors27 and those involving BTI implants
of different diameters and lengths28-30.
One important issue that should be kept in mind
when interpreting the present results is that they
come from a retrospective study. This type of study
has less validity than randomised prospective clinical
trials, due to issues of selection bias and confounding factors. Additionally, retrospective studies rely
on the completeness of data entered in the patient’s
chart, which may implicate the risk of missing data
because of misplaced, misﬁled or missing information in the chart.
Implant design and properties and the surface
condition of the implant may modify the percentage of bone–implant contact. This is particularly
important because the greater the percentage of
bone–implant contact, the less stress is applied to
the bone–implant interface. The narrow-diameter
implants used in the present study had a rough,
acid-etched surface that showed signiﬁcantly greater
bone–implant contact compared with machined- or
polished-surface implants31. In addition, all implants
were humidiﬁed with PRGF® in order to bioactivate their surfaces by creating a protein layer that
stimulated the mechanism of bone formation at the
implant–bone interface, which may promote faster
implant osseointegration32.
The marginal bone loss observed in the present
study was consistent with data reported in studies
involving narrow-diameter and standard-diameter
implants33. In a recent study published by Maló et
al21, a mean marginal bone resorption of 1.74 mm,
after placing 247 narrow implants, was reported in
patients with edentulous posterior regions.

 Conclusions
Narrow-diameter implants (2.5 to 3 mm) can be successfully used to treat narrow bone ridges up to 3
years in function. Longer follow-up periods of 10 or
more years are needed to validate the present good
results in a long-term prospective study.
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diameter implants, as well as 3.0-mm ones, must
always be splinted with two other implants, except
when these are placed as single implants in cases of
maxillary and mandibular lateral incisors.
One of the ﬁrst studies that evaluated the use of
narrow-diameter implants was published in 1999.
Polizzi et al7 evaluated the predictability of using
implants with a 3.0 mm diameter (30 implants in 21
patients) for single-tooth restorations in situations
when the mesiodistal dimension caused an unfavourable condition. The implants were in function
for 3 to 7 years, and only two complications occurred
(one failure and one replaced prosthesis), achieving
an overall success rate of 96.7%.
Shatkin et al15 conducted in 2007 the largest published study evaluating narrow-diameter implants. In
a retrospective analysis, the authors evaluated 2514
narrow-diameter implants (1.8 to 2.4 mm) placed
in 531 patients over a 5-year period. The mean
duration of follow-up was 2.9 years. The overall
implant survival was 94.2%. Statistically signiﬁcant
predictors of failure included the use of removable
prostheses, the posterior maxilla, atrophic bone
and smoking. The mean failure time for the failed
implants was approximately 6.4 months, correlating with the osseointegration period.
Terpelle and Khoury18 conducted in 2008 a
retrospective study with 337 narrow-diameter
implants (3.0 and 3.4 mm) inserted in 137 patients:
38 implants were loaded immediately. Only two
of the 337 implants were lost (3.4 mm), showing a survival rate of 99.4%. None of the immediately loaded implants was lost, and no major prosthetic complications were detected. At the same
time, Degidi et al19 conducted a study where 237
patients received 510 narrow-diameter implants
(3.0 to 3.5 mm). In this study, only three out of the
510 implants were lost (survival rate of 99.4%) and
no statistically signiﬁcant differences were detected
among the studied variables.
Degidi et al22 conducted a randomised clinical
trial comparing the bone loss pattern and soft tissue healing of immediate versus one-stage loaded
3.0-mm diameter implants in cases involving a single missing lateral maxillary incisor. Sixty narrowdiameter implants were placed in 60 patients. No
implant failures occurred and no statistically signiﬁcant differences were observed for bleeding
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