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Abstract
Objectives: The aims of this study were to identify with appropriate statistical tests
the risk factors associated with implant failure and to evaluate the long-term survival
of dental implants using implant loss as an outcome variable and performing an
implant-, surgery- and patient-based analysis of failures.

Material and Methods: A retrospective cohort study design was used. One thousand
sixty patients received 5787 BTIs implants during the years of 2001–2005 in Vitoria,
Spain. The potential influence of demographic items, clinical items, surgery-dependent
items and prosthetic variables on implant survival was studied. Implant survival was
analysed using a life-table analysis. Cox proportional hazards regression was used to
identify risk factors related to implant failure.

Results: Smoking habits, implant position, implant staging (two-stage implants) and
the implementation of special techniques were statistically correlated with lower
implant survival rates. Two risk factors associated with implant failure were detected
in this study: implant staging (two-stage implants) and the use of special techniques.
Additionally, the overall survival rates of BTIs implants were 99.2%, 96.4% and 96%
for the implant-, surgery- and patient-based analysis, respectively. Totally, 28 out from
5787 implants (0.48%) were lost during the observation period. Most of the patients
with implant failure (69.6%) presented chronic or aggressive periodontitis.

Conclusions: Implant staging and the use of special techniques are risk factors for
implant failure.
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In the last few decades, the field of
dental implantology is advancing sig-
nificantly, leading to more predictable
treatments for the rehabilitation of fully
and partially edentulous patients. Cor-
rect design of implant surface, faster
osseointegration of the implants, exten-

sive understanding of the biomechanical
properties of the implants and selection
of the suitable surgical technique
according to a patient’s bone quantity
and quality are major parameters affect-
ing the long-term survival and success
of dental implants.

A large number of longitudinal stu-
dies have evaluated the prognosis and
long-term functionality of the different
dental implants, reporting survival rates
of around 90–96% over periods of 5–10
years (Esposito et al. 1998, Berglundh
et al. 2002, Roos-Jansåker et al. 2006a).
However, many studies describe simple
implant survival in favourable locations
without assuming factors that could be

adverse to implant survival. Further-
more, most reports evaluating risk fac-
tors for failure are flawed in terms of
their statistical analyses. To address
these issues and properly evaluate the
long-term result of implant therapy, a
large number of implants installed in
different anatomical positions and after
different surgical procedures should be
considered. In addition, the potential
risk factors for failure should be care-
fully determined using powerful and
suitable statistical techniques.

In the present study, we report the
results of a 5-year clinical experience
with respect to the efficacy of 5787
Biotechnology Institute (BTIs) dental
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implants. We believe this is one of the
studies with the largest number of dental
implants under evaluation. The implants
under study present a micro-rough acid-
etched surface and a great cutting capa-
city due to their apex design. These
implants constitute the first bioactive
surface on the market (Anitua 2006) as
a preparation rich in growth factors
(PRGF), a limited volume of plasma
enriched in platelets, is used to humidify
the implant surface and thus create an
autologous protein layer that will accel-
erate and improve implant osseointegra-
tion (Anitua et al. 2004, 2006a). The
principal aim of this retrospective work
is to identify potential risk factors
related to implant failure-using a fail-
ure-time multivariate model. Addition-
ally, the long-term survival of 5787
implants was evaluated. To address
this issue, an implant-, surgery- and
patient-based analysis of failures has
been carried out with the aim of provid-
ing more complete, comprehensive and
comparable data. A better understanding
of the factors associated with implant
failure will provide data for improving
clinical decision-making and thus
enhance implant long-term success.

Material and Methods

The protocol followed national and
international (ICH rules) policies on
clinical studies. Patient selection was
based on the absence of any local or
systemic diseases that might contraindi-
cate the treatment. The study reports on
patients treated with BTIs implants
(Biotechnology Institute, Vitoria, Spain)
from January 2001 to December 2005.
During this period, 1060 consecutive
patients were provided with at least
one dental implant for a total number
of 5787 implants. No loss to follow-up
was observed during this retrospective
study. Before implant installation, den-
tate patients were, if needed, perio-
dontally treated to obtain periodontal
health.

Antibiotics were prescribed to each
patient for 6 days, starting 30 min.
before implant installation. Anti-inflam-
matory and analgesic drugs were also
administered 30 min. preoperatively.
Saline solution rinses (during 48 h) and
additional twice-daily chlorhexidine
(0.12% w/v) rinses were recommended
until sutures were removed. The latter
was mainly used in patients with a poor
oral hygienic situation. Patients were

instructed on how to maintain proper
oral hygiene around implants.

The clinical histories of all patients
were carefully evaluated and the surgi-
cal procedures were chosen as a func-
tion of the patient characteristics, the
anatomic peculiarities of the insertion
sites and intrinsic properties of the dif-
ferent BTIs implants. All implant
installations were performed by two
experienced surgeons following an ade-
quate treatment plan and rehabilitations
were carried out by three prosthodon-
tists. The latter included careful evalua-
tion of the patient’s clinical history, a
complete radiological evaluation (con-
ventional X ray and the BTI Scans

program), the elaboration of surgery
guides and the preparation of provi-
sional and final prostheses adapted to
each patient.

All implants were installed without
irrigation using a low-speed drilling
procedure (50 r.p.m.) (Anitua et al.
2007). Before installation, all implants
were carefully embedded in liquid
PRGF with the aim of bioactivating
the implant surface (Anitua et al. 2004,
2006, 2006a). PRGF was prepared from
the patient’s citrated blood, by centrifu-
gation at 460 � g for 8 min. at room
temperature, and the 0.5 ml fraction just
located above the sedimented red cells,
but not including the buffy coat, was
collected (Anitua et al. 2007). Immedi-
ately loaded implants were installed
only when bone densitometry deter-
mined by means of the BTI Scans

program was X500 Hounsfield units
and the insertion torque measured by a
dynamometric ratchet wrench ranged
between 45 and 65 Ncm. In these cases,
the suprastructure was placed within
approximately 24 h. In general, in the
rest of the cases healing was allowed for
a minimum of 3 months, after which
the surgical abutments were fitted.
Shortly thereafter, the suprastructure
was placed. Maxillary sinus elevation
was performed by an ultrasonic ostect-
omy approach as described elsewhere
(Torrella et al. 1998) using a mixture of
BioOsss with PRGF as the graft mate-
rial. In the case of crest expansion,
autologous bone obtained from a low-
speed drilling procedure (Anitua et al.
2007) mixed with PRGF was used as
graft material and, in a few cases, demi-
neralized human bone mixed with
PRGF was used.

Between January 2001 and December
2005, the patients were called in for oral
hygiene and clinical and radiographic

examinations at least twice a year. At
the end of the study, periodontal disease
status of the failing cases was evaluated
following the classification of perio-
dontal disease provided by Armitage
(1999). According to this, periodontal
diseases are classified on the basis of
extent and severity. Extent can be char-
acterized as localized (430% sites
involved) and generalized (X30% sites
involved). Severity can be defined on
the basis of the amount of clinical
attachment loss (CAL), being: slight
(1–2 mm CAL,) moderate (3–4 mm
CAL) and severe (X5 mm CAL).

Several items were used for data
analysis in the present report. These
variables include demographic items,
clinical items, surgery-dependent items
and prosthetic variables:

� Age at initial examination (categor-
ized into three categories: o45
years, 45–64 years and 465 years).

� Smoking habits (smoking X1 cigar-
ette per day was classified as a
smoker).

� Implant position (maxillary; mandi-
bulary; anterior 5 incisor/cuspid
region; posterior 5 premolar/molar
region).

� Implant diameter (ranging from 2.5
to 5.5 mm). Implant diameter was
divided into four categories: o3.3,
3.3, 3.75–4 and 4.5–5 mm.

� Implant length (ranging from 7.5 to
18 mm). Implant length was divided
into two categories: o10 and
X10 mm.

� Implant staging (one-stage versus
two-stage implants).

� Special techniques (immediately load-
ed implants, sinus elevation and crest
expansion). This item was divided into
two categories depending on the use or
not of the special techniques.

� Prosthetic items: divided into cemen-
ted bridge, cemented unitary and
hybrid overdenture.

Statistical analyses

Data collection and analysis was per-
formed by two independent examiners
(other than restorative dentists).
Descriptive statistics were performed
and absolute and relative frequency dis-
tributions for qualitative variables and
mean values and standard deviations
for quantitative variables were calcu-
lated. Initially, a database was created
using Microsoft Accesss. The principal
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variable under study was implant loss.
Implant loss was considered any im-
plant lost due to biological (failure to
achieve osseointegration or loss of
acquired osseointegration) or biomecha-
nical causes. From a temporal point of
view, implant loss was classified into
early implant loss (before functional
loading) or late implant loss (following
functional loading). The rest of the vari-
ables for data analysis of this report
included the previously cited demo-
graphic items, clinical items, surgery-
dependent items and prosthetic variables.

The overall survival rate of BTIs

implants was estimated by an implant-,
surgery- and patient-based analysis. In
the implant-based analysis, each
inserted implant was considered as the
analysis unit whereas in the surgery-
based analysis each patient was consid-
ered the analysis unit as many times as
the number of implant surgical sessions
undertaken. Assuming the latter, the
final number of patients increased to
1253. Finally, in the patient-based ana-
lysis each patient was considered only
one time independently of the number of
implants received.

In all types of analysis, implant sur-
vival as a function of time was analysed
using a life-table analysis (actuarial
method), comparing the survival rates
among the different variables with the
Wilcoxon test (Gehan). Cox propor-
tional hazards regression (forward step-
wise selection: � 2 log likelihood ratio
test) was used to identify the risk factors
related to implant failure. The covariates
under study include gender, age, smok-
ing habits, implant length and diameter,
implant position, implant staging,
immediate versus delayed loading and
the necessity for special techniques.

Data analysis was performed with
SPSS 13 for Windows statistical soft-
ware package (SPSS Inc., Chicago, IL,
USA). The level of statistical signifi-
cance was po0.05.

Results

A total of 1060 clinical histories were
revised during this study. At the begin-
ning of the study the mean age of the
1060 patients was 54 years (range 17–91
years). Six hundred and seventy four
patients were female (63.6%). Two hun-
dred twenty one patients were classified
as smokers (20.9%). A total of 5787
dental implants were inserted. The spe-
cific characteristics of the inserted

implants (length and diameter) are sum-
marized in Table 1. One hundred
seventy five patients (16.5%) received
only one implant, 175 patients (16.5%)
received two implants, 114 patients
(10.8%) received three implants and
596 patients (56.2%) received four or
more implants. Attending to the number
of surgeries, 882 patients (83.2%)
undertook one single surgical proce-
dure, 164 patients (15.5%) had two
surgical procedures, 13 patients (1.2%)
had three surgical procedures and one
patient undertook four.

Regarding implant position, 3101
were inserted in to the upper (53.6%)
and 2686 in to the lower jaw. A total of
4349 implants were installed in poster-
ior areas (75.2%). Figure 1 summarizes
the distribution of the 5787 dental
implants.

Considering the surgical approach,
4458 implants were installed using a
one-stage surgery (77%) and 1329
implants followed a two-stage surgery
approach. One thousand two hundred
and seventy-three implants (25.3%)
were installed following special techni-

ques: 207 implants followed an immedi-
ate post-extraction approach, graft
techniques were used in 1046 implants,
175 implants were inserted after crest
expansion and 34 implants after max-
illary sinus elevation. On the other hand,
4109 implants (71%) supported cemen-
ted bridges, 1042 complete prostheses
(18%) and 579 unitary cemented pros-
theses (10%). Use of screw-retained
permanent prostheses was residual
(0.07%).

Table 2 presents the length of obser-
vation time of the studied group by
patient, by surgery and by implant.
The total number of patients in the
surgical-based analysis was increased
to 1253 as each patient was considered
the analysis unit as many times as the
number of implant surgical sessions was
undertaken. 56.2% of the patients and
55% of the implants had a follow-up of
more than 24 months. The mean follow-
up period for all implants was
28.63 � 15.2 months, ranging from 2
to 59 months. In the case of the sur-
gery-based analysis, the mean follow-up
was 29.15 � 15.8 months, ranging from

Table 1. Characteristics of the inserted BTIs implants

Diameter (mm) Total

2.50 3.00 3.30 3.75 4.00 4.50 5.00 5.50

Longitude (mm) 7.5 – – – 36 20 61 27 2 146
8.5 – – 46 135 110 159 95 6 551

10.0 6 7 105 262 190 342 195 10 1117
11.5 10 6 86 221 168 246 123 4 864
13.0 14 27 222 541 384 264 146 4 1602
15.0 8 29 321 440 413 148 92 3 1454
18.0 – – 24 19 10 – – – 53

Total 38 38 69 804 1654 1295 1220 678 29 5787

Fig. 1. Anatomic distribution of the 5787 BTIs implants.
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2 to 59 months, whereas in the case of
patients, the mean follow-up was
30.45 � 15.9 months, ranging from 2
to 59 months.

Implant survival and implant loss

The overall survival rate of dental
implants was estimated by an implant-,
surgery- and patient-based analysis. At
the end of the study period, the survival
rates using the actuarial method were
99.2%, 96.4% and 96% for the implant-,
surgery- and patient-based analysis,
respectively (Fig. 2).

Totally, 28 of the 5787 implants
(0.48%) were lost during the observa-
tion period. Each case has been care-
fully analysed in order to properly
understand the causes of implant loss.
Fifteen implants in 15 patients were lost
within the first year of loading. An
additional 13 implants in 10 patients
were lost later. Fifteen implant losses
correspond to a one-stage surgery. A
complete description of the reasons for
each implant loss is summarized in
Table 3. Interestingly, the evaluation of
the periodontal disease status of the
failing cases revealed that 16 of these
23 patients (69.6%) presented chronic or
aggressive periodontitis (the remaining

five patients were edentulous). Briefly,
eight patients presented generalized
and severe chronic periodontitis,
four had generalized and moderate
chronic periodontitis and the remaining
four presented localized aggressive
periodontitis.

We investigated the potential influ-
ence of the different variables on
implant survival. After comparing the
survival rates among the different vari-
ables with the Wilcoxon test, statistical
significance was observed for the fol-
lowing items: smoking habits, implant
position, implant staging (two-stage
implants) and the implementation of
special techniques (Table 4). Briefly,
smoking was correlated with a lower
implant survival rate (po0.013) both
for the implant-based and for the
patient-based analysis. The rest of the
items were correlated with lower viabi-
lity rates only in the implant-based
analysis. In fact, implants inserted in to
the maxilla and those implanted with a
two-stage surgery showed lower implant
survival rates (po0.031 and po0.008,
respectively). Finally, the necessity for
special techniques also resulted in lower
survival rates (po0.033).

The multivariate Cox regression ana-
lysis of the different variables revealed

that when the implant was considered as
the analysis unit, only the use of special
techniques and the implant staging (two-
stage implants) had a significant influ-
ence on implant failure with respect to
the 10 events considered. In fact, the
risk for implant failure is 2.28 times
more likely in two-stage implants than
one-stage implants (po0.035, 95%
CI 5 1.06–4.90) whereas the risk for
implant failure is 2.5 times higher
when special techniques are used
(po0.04, 95% CI 5 0.18–0.85). Figures
3 and 4 describe the implant survival
rates using the Cox proportional hazards
regression evaluating the use of special
techniques (Fig. 3) and implant staging
(two-stage versus one-stage implants)
(Fig. 4). Finally, Fig. 5 illustrates the
clinical situation of one patient involved
in the study before and 5 years after
implant placement. The excellent
implant osseointegration 5 years post-
surgery and soft tissue integration of the
final prosthetic work are clearly shown.

Discussion

The patients included in the present
retrospective study were treated with
dental implants by two experienced
clinicians in oral surgery and dental
implantology. All implants were
installed following BTIs general guide-
lines for implant insertion, using a low-
speed drilling procedure and without
irrigation (Anitua et al. 2006b). In addi-
tion, all implants were humidified with
PRGF in order to bioactivate their sur-
faces by creating a protein layer that
stimulated the mechanism of bone for-
mation at the implant–bone interface
and promoted faster implant osseointe-
gration (Anitua et al. 2004, 2006). Sur-
gical procedures and patient’s follow-up
were similar for all individuals. Further-
more, because all patients were treated
with the same implants, the potential
differences between implants systems
were disregarded.

The long-term efficacy and prognosis
of dental implants is usually measured
by the survival rates. One outstanding
consideration when studying the survi-
val rate of a specific dental implant is to
evaluate a large number of implants
installed following different surgical
approaches and in different bone quality
and quantity locations. This should pro-
vide more objective and real informa-
tion on the efficacy and biosafety of the
implants. Some studies include only a

Table 2. Months of follow-up by patient, surgery and implant

Months of follow-up Implants Surgery Patients

frequency % frequency % frequency %

o12 1040 18.0 246 19.6 186 17.5
12–24 1577 27.3 304 24.3 242 22.8
24–36 1327 22.9 279 22.3 238 22.5
36–48 1052 18.2 229 18.3 200 18.9
48–60 791 13.7 195 15.6 194 18.3
Total 5787 100 1253 100.0 1060 100.0

Fig. 2. Implant survival rates for the implant, surgery and patient-based analysis.
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reduced number of implants and patients
whereas others describe simple implant
survival in favourable locations without
assuming factors that could be adverse
to implant survival. Additionally, many
studies present inefficient statistical ana-
lyses of the data that might lead to the
assumption of incorrect conclusions.

Here, we have studied the survival
rate of 5787 dental implants installed in
more than 1000 patients. The survival
rate of dental implants has been esti-
mated by an implant-, surgery- and
patient-based analysis in order to pro-
vide a more complete, comprehensive
and comparable data analysis. Our prin-
cipal aim has been to identify potential
risk factors associated with implant loss

in a statistically appropriate and valid
manner. This is, to our knowledge, one
of the studies with the largest number of
dental implants under evaluation. The
implants were placed following differ-
ent surgical approaches (one-stage and
two-stage surgeries, immediately post-
extraction, sinus elevation and crest
expansion) in different anatomical
positions and using different types of
prostheses.

The implants under study in this
retrospective study are characterized
by a great cutting capacity because of
their apex design and by a micro-rough
acid-etched surface that facilitates
implant insertion, minimizing compres-
sion and host bone damage. A rough

acid-etched surface has shown signifi-
cantly greater bone-to-implant contact
when compared with machined or
polished surfaces (Buser et al. 1991,
Wennerberg et al. 1995, Vörös et al.
2001). Furthermore, by humidifying
implant surfaces with PRGF it is possi-
ble to improve the biological properties
of the implants (Anitua et al. 2004).

The primary outcome variables, that
is the survival rates of the implants
using the actuarial method, were
99.2%, 96.4% and 96% for the
implant-, surgery- and patient-based
analyses, respectively. These results
improve the typical survival estimates
reported in the literature, which range
from 90% to 98% (Behneke et al. 2000,

Table 3. Description of implant failures and the main reasons detected for each implant loss

Patient Implant Surgery Implant loss

age gender smoking
habits

length
( mm)

diameter
( mm)

localization implant
staging

special
techniques

causes follow-up
(months)

57 Male Yes 15.0 5.00 13 2 stage Yes Bruxist
Immediate load
Overload in bone class III

2

71 Female No 10.0 2.50 11 1 stage No Crest expansion in extremely
reabsorbed crest

3

38 Female Yes 10.0 3.30 21 2 stage Yes Heavy smoker
Narrow crest

3

45 Female Yes 15.0 3.30 42 1 stage Yes Immediate load in post-extraction
site

3

60 Female Yes 10.0 4.50 35 1 stage No Short implant pushed out by tongue 3
55 Male No 13.0 4.00 14 1 stage No Bruxist

Bone class IV
4

70 Male No 10.0 3.75 17 1 stage No Bone class IV 4
49 Female No 11.5 3.30 34 2 stage No Extreme expansion 4
45 Male Yes 11.5 3.30 24 1 stage No Immediate load

Bone class III
4

57 Female Yes 8.5 4.00 16 2 stage No Bone class IV 4
48 Female Yes 8.5 3.75 13 2 stage No Very narrow crest 5
55 Female No 15.0 4.00 18 2 stage No Pterigoides 5
70 Female No 10.0 3.75 14 1 stage No Immediate load in bone class III 5
60 Female No 8.5 3.75 12 2 stage No Nasal floor lift 7
43 Female Yes 10.0 5.00 47 1 stage No Bone class IV 10
53 Female No 15.0 3.30 14 1 stage Yes Bone class IV 12
40 Female Yes 13.0 4.00 27 2 stage Yes Tuberosity bone class IV 12
58 Female No 10.0 3.30 11 2 stage Yes Extreme expansion 12
61 Male Yes 15.0 5.50 44 1 stage Yes Immediate load

Bruxist
18

48 Male No 18.0 3.30 22 1 stage Yes Narrow crest
Post-extraction implantation
without flap elevation

20

54 Male Yes 13.0 4.00 16 2 stage Yes Sinus lift by compression 21
53 Male No 11.5 4.50 46 1 stage No Severe bone loss because of

compression
25

45 Female No 11.5 3.30 24 1 stage No Immediate load after narrow crest
expansion

32

47 Male Yes 13.0 3.75 14 1 stage Yes Bone class III 34
48 Male No 11.5 3.75 15 1 stage Yes Bruxist suffering depression 35
48 Male No 13.0 3.75 24 2 stage Yes Bruxist suffering depression 45
48 Male No 11.5 3.75 25 2 stage Yes Bruxist suffering depression 40
42 Female No 8.5 3.75 45 2 stage No Fracture because of cantilever

overload
38
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Weibrich et al. 2001, Leonhardt et al.
2002). In a recent article revising 59
references of six implant manufacturers,
a 5-year implant survival rate of 96%
(CI: 93–98%) was demonstrated (Eckert
et al. 2005).

In our study only 28 implants were
lost during the observation period, lead-
ing to an overall failure rate of 0.48%.
Most of these implant losses were con-
centrated in a small number of indivi-

duals. In fact, three out of 28 implant
losses (10%) occurred in the same
individual, a bruxism patient under
anti-depression medication. We have
carefully analysed each implant loss in
order to determine the exact reasons that
most likely led to the loss of the
implants. Interestingly, most of the
patients (70.8%) with implant failure
presented a moderate or advanced perio-
dontitis. Periodontitis patients may be

exposed to a higher risk for peri-implan-
titis, which in turn may lead to implant
loss (Roos-Jansåker et al. 2006b).
Baelum & Ellegaard (2004) reported
78% 10-year survival rates for implants
placed in periodontitis patients, indicat-
ing that the prognosis might be less
favourable in patients with a history of
periodontitis. In a more recent article,
the risk variables associated with
peri-implantitis were analysed in 212
partially edentulous subjects rehabili-
tated with osseointegrated implants.
Results show that subjects with perio-
dontitis, diabetes and poor oral hygiene
were more prone to developing peri-
implantitis (Ferreira et al. 2006).

Although it is not possible from the
data presented herein to definitely
ascribe implant loss to the periodontal
disease status of the patients, it is pos-
sible that the latter may at least in part
contribute to some of the implant fail-
ures detected in this study. To address
this issue properly, we will analyse,
follow and collect the periodontal dis-
ease status of all patients involved in
future prospective studies.

Regarding the potential risk factors,
although a significant relationship
between smoking habits and implant
loss was not observed in this study, the

Table 4. Univariate analysis of implant survival using a life-table analysis, comparing the survival rates among the different variables with the
Wilcoxon test (total patients 5 1060 patients; total implants n 5 5787)

n Median survival
time (months)

Cumulative proportion
surviving at end
of interval

SE Statistical comparison
among groups

(Wilcoxon–Gehan)

Patient Male 2105 54 0.987 0.002 NS
Female 3682 54 0.994 0.005
o45 years 773 54 0.992 0.004 NS
45–64 years 4045 54 0.991 0.002
464 years 969 54 0.991 0.002
Non Smokers 4488 54 0.993 0.002 p 5 0.013
Smokers 1299 54 0.989 0.003

Diameter o3.3 mm 107 18 0.990 0.010 NS
3.3 mm 804 54 0.988 0.004
3.75–4 mm 2949 54 0.992 0.002
4.5–5 mm 1927 48 0.996 0.002

Length X10 mm 5090 54 0.992 0.002 NS
o10 mm 697 54 0.990 0.006

Localization Maxilla 3101 54 0.989 0.003 p 5 0.031
Mandible 2686 54 0.996 0.002
Anterior 4349 54 0.994 0.002 NS
Posterior 1438 54 0.991 0.002

Stages One stage 4458 54 0.995 0.001 p 5 0.008
Two stage 1329 54 0.983 0.006

Special techniques Non 4529 54 0.995 0.001 p 5 0.033
Yes 1258 54 0.981 0.006

Prosthetic items Cemented bridge 4115 54 0.992 0.003 NS
Hybrid-Overdenture 1046 54 0.990 0.004
Cemented unitary 593 54 0.993 0.004

Global 5787 54 0.992 0.002

Fig. 3. Survival estimates using Cox proportional hazards regression attending to the
necessity of special techniques.
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comparison of the survival rates among
the different variables demonstrated that
smoking reduces the implant survival
rate. Many studies have reported a dele-
terious effect of smoking on implant
survival (Wilson & Nunn 1999, Hinode
et al. 2006). Recently, a systematic
literature review was performed to
investigate whether smoking interferes
with the prognosis of dental implants.
The results from this systematic review
indicated significantly enhanced risks of
biological complications among smo-
kers and considered smoking as a sig-

nificant risk factor for dental implant
therapy (Strietzel et al. 2007). The lack
of statistical significance for smoking in
this study may be related to the small
number of individuals with implant loss,
thereby reducing the power of the sta-
tistical analysis.

A similar behaviour has been
observed for implant position (upper
versus lower jaw). Upper jaw implant
insertion was not found to be a risk
factor for implant loss. However, the
survival estimates were significantly
lower than those for implants placed in

the mandible. These results might be a
consequence of the overall less favour-
able osseous situation in patients
demanding a maxillary reconstruction.
In fact, the number of implants inserted
according to a two-stage protocol (1139
in the upper versus 190 in the lower
jaws, po0.001) and special techniques
(904 in the upper versus 354 in the
lower jaws, po0.001) performed in the
maxilla were significantly higher than in
the mandible. In a recent study evaluat-
ing 4680 implants in 1140 patients,
implants placed in the maxilla experi-
enced almost twice the failure rate of
those inserted into the mandible (Moy
et al. 2005). Other studies have also
shown these results, suggesting a
higher failure for implants inserted into
the maxilla (Eckert & Wollan 1998,
Davarpanah et al. 2002).

The only two factors that showed
significant association with implant
loss in the multivariate Cox model and
thus were considered risk factors for
implant failure were the use of special
techniques and implant staging (two-
stage implants). The latter is a contro-
versial concept as some authors report
no differences between one-stage
versus two-stage implants (Baelum &
Ellegaard, 2004) while others indicate
that one-stage implants have a lower
survival rate than two-stage im-
plant systems (Vehemente et al. 2002).
The fact that patients following one-
stage implant showed better results
may reflect good treatment planning
for the reason that more complicated
treatments would preferentially be per-
formed in two stages. In line with our
results, a recent study identified implant
staging (two-stage implants) as a risk
factor significantly associated with
implant failure (Chuang et al. 2002).

Retrospective studies rely on the
completeness of data entered in
the patient’s chart. This may implicate
the risk of missing data because of
misplaced, misfiled or missing informa-
tion in the chart. There is no reason,
however, to believe that any of these
records were selectively missing due to
the presence or absence of any key
variable. On the other hand, despite
the robust statistical analysis for failure
time data, the incomplete recording of
some confounding risk factors such as
periodontal disease status for all the
patients may hamper a more complete
interpretation of the results. This should
be kept in mind when interpreting the
results.

Fig. 4. Survival estimates using Cox proportional hazards regression attending to implant
staging (one-stage versus two-stage implants)

Fig. 5. Example of one case involved in the study. (a) Radiograph before surgery; (b)
Radiograph after implant placement; (c) Implant osseointegration 5 years post-surgery; (d)
Perfect esthetic integration of the definitive prosthesis.
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In summary, the principal outcome of
this retrospective study is that we have
demonstrated that the survival rates of
5787 BTIs implants were 99.2%,
96.4% and 96% assuming a patient-,
surgery- and implant-based analysis,
respectively. These data indicate that
treatment with BTIs implants is safe
and predictable, which, in our opinion,
may help to improve decision-making of
clinicians. The 28 implants lost during
the observation period (0.48%) have
been carefully studied and the main
reasons for those implant failures have
been determined. Another key finding is
that we have identified two risk factors
associated with implant failure: implant
staging (two-stage implants) and the
necessity for special techniques. It is
also important to remark that this is a
retrospective study on implant survival
and therefore other clinical parameters
will need to be considered to appreciate
a long-term clinical success. However,
although this retrospective study has
less validity than randomized prospec-
tive clinical trials, especially due to
issues of selection bias and confound-
ing, the information provided in this
study might help clinicians to improve
their decision-making and thus enhance
implant success.
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Clinical Relevance

Scientific rationale for the study:
Although the long-term functionality
of dental implants is welldocumen-
ted, many studies describe simple
implant survival in favourable loca-
tions and most reports evaluating risk
factors for failure are flawed in terms
of their statistical analyses. It is
therefore important to analyse a large
number of implants inserted into

different anatomical sites and under
different surgical procedures using
an implant- and patient-based analy-
sis of failures and identify the risk
factors related to implant failure in a
statistically valid manner.
Principal findings: Implant staging
and the use of special techniques
are risk factors for implant failure.
Additionally, overall survival rates
were 99.2%, 96.4% and 96% for

the implant-, surgery- and patient-
based analysis, respectively.
Practical implications: The data pre-
sented herein contribute to better
understanding of the factors asso-
ciated with implant failure. The latter
might help to improve clinical deci-
sion-making and thus enhance
implant long-term success.
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