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ABSTRACT
Introduction: The aim of this study was a retrospective clinical evaluation of the long-term prevalence of peri-implant diseases associated
with a modern rough-surface dental implant system.
Materials and methods: A total of 237 implants were inserted in 47 patients between 1994 and 2005. Peri-implant parameters (sulcus
bleeding, pocket depth and bone loss) were evaluated at a mean of 9.1 years after insertion. Based on these parameters, cases were
classified as healthy tissue, peri-implant mucositis and peri-implantitis. One-way analysis of variance was used to compare group
parameters.
Results: A total of 211 implants (89%) were healthy, 21 implants (9%) showed peri-implant mucositis and 5 (2%) showed peri-implantitis.
Risk factors for peri-implant diseases were alcohol (p<0.001) and nicotine abuse (p<0.001) and irradiation (p<0.001).
Conclusion: After a mean of 9.1 years, the TiOblast® dental implant showed a marginal rate of peri-implant disease. The calculated risk
factors for development of peri-implant diseases are in accordance to previous studies.
Keywords: Implant, Gingivitis, Mucositis, Peri-implant disease, Bone loss.

INTRODUCTION
Inflammatory lesions that develop in the tissues around
dental implants are collectively known as peri-implant
diseases. Etiopathogenesis of early and late peri-implantitis
is not well understood. A relation to peri-implant
environment, to soft tissue/implant interface, to patientrelated factors (smoking, systemic diseases, plaque control)
and to a host-parasite equilibrium is likely. A number of
studies have shown that bacterial infection plays the most
important role in the failure of dental implants.1-5 In
particular, adherence and colonization of microorganisms
to plaque-exposed biomaterials, such as titanium, are
discriminant factors for the development of an infection.6
Though, the bacterial biofilm alone is insufficient to explain
the disease initiation and progression.7 A peri-implant
disease following successful integration of an endosseous
implant may be the result of a discrepancy between bacterial
challenge and host response. Accordingly, it has been
suggested that periodontal tissue destruction is mainly
attributable to the host’s inflammatory response to the
bacterial challenge. Other factors, including diabetes
mellitus, nicotine and alcohol abuse, gender and irradiation,

have been shown to modify the host response to the bacterial
challenge and may increase the risk for periodontal disease
in time.
Studies of periodontal diseases are complicated by a
diversity of methodologies and definitions.8 To receive
homogenous data regarding prevalence and severity of such
biological complications, a consensus regarding definitioncriteria is required. In accordance with the classification of
periodontal disease, peri-implant disease includes two
entities: Peri-implant mucositis and peri-implantitis.
Definitions of the two peri-implant disease entities were
proposed in a consensus report from the 1st European
Workshop on Periodontology (EWOP). 9 Peri-implant
mucositis was defined as a reversible inflammatory reaction
in the soft tissues surrounding a functioning implant, and
peri-implantitis was described as inflammatory reactions
associated with loss of supporting bone around an implant
(Fig. 1).10-12
As there have been few long-term studies concerning
the prevalence of peri-implant diseases, the aim of this study
was to evaluate the long-term prevalence of peri-implant
disease associated with a rough-surface dental implant
system, together with possible risk factors.
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systematic, submerged surgical protocol.16 In cases of
insufficient bone volume for reliable implant placement,
augmentation and elevation of the maxillary sinus floor were
performed. Three months after sinus augmentation, the
dental implants were inserted under local anesthesia. The
inserted implants differed in diameter (3.5 and 4.0 mm) and
in effective length (8, 9, 11, 13, 15, 17 and 19 mm). In all
cases, prosthetic rehabilitation was facilitated by using
surgical templates to correctly align and position the
implants. After the healing periods (3 months after
augmentation, 6 months after implant placement), the
patient’s conventional dentures were adjusted when possible
and supplied with a soft liner. Two weeks after the second
stage of surgery, standard prosthetic treatment was carried
out, including the fabrication of implant-retained fixed
partial dentures and implant-supported removable partial
dentures. Most of the implants (79%) were provided with
bar-retained overdentures, while 12% of the implants
received a crown, 2% received a bridge, 3% received an
extension bridge and 4% received no prosthetic treatment.
Fig. 1: Peri-implantitis with severe bone loss for an implant
inserted in the maxilla

MATERIALS AND METHODS
Patients and Implants
From 1994 to 2000, 41 patients (25 men and 16 women;
mean age, 57 years) were admitted for treatment with
implant-supported prostheses. Eligible subjects were
provided with oral rehabilitation by fixed partial dentures
and implant-supported overdentures. A total of 237 implants
(TiOblast®; Astra Tech, Mölndal, Sweden) were applied
(116 in men and 121 in women). The implant system was
first tested in clinical trials in 1992.13 The implants are made
from commercially pure titanium which is blasted with
particles of titanium dioxide (TiO2). They are screw shaped,
surface enlarged and equipped with self-tapping anchorage.
The connection between the fixture and the abutment is
conical, and the surface is moderately rough with a Sa value
of 1.10 mm.14,15 A total of 86 implants were placed in the
maxilla; and 151 in the mandible. At the time of data
collection, the implants were in situ for a mean time of 9.12
years (5.3-11.23). Exclusion criteria were as follows: A
history of drug abuse and/or life-threatening diseases, severe
maxillomandibular skeletal discrepancy or excessive
parafunctional activity leading to wearing of prosthetic teeth
or fracture of dentures. Treatment planning for each patient
was based on the individual anatomical and morphological
situation, the patient’s expectations and esthetic and
cosmetic considerations.
Surgical and Prosthetic Procedures
All patients were treated by oral and maxillofacial surgeons
and prosthodontists in the same department using the same
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Clinical Analysis
The clinical analysis included the sulcus bleeding index (SBI)
according to Mühlemann and Son17 (0 = normal gingiva, no
bleeding with a periodontal probe; 1= normal gingiva,
bleeding; 2 = inflammatory altered gingiva, bleeding; 3 =
inflammatory swelling of the gingiva, bleeding; 4 = profuse
inflammatory swelling, bleeding and 5 = necrosis of the
gingiva). Periodontal pocket depth (PPD) was measured to
the nearest millimeter with a plastic periodontal probe (#12
Colorvue; Hu-Friedy, Chicago, IL, USA) at mesial, distal,
oral and vestibular sites.
Radiographic Analysis
Radiography via orthopantomogram was performed at the
time of follow-up examination. The current and postoperative orthopantomograms were compared to evaluate
the distance from the implant-abutment periphery to the apex
of the implant; the data were then pooled to calculate the
average marginal bone loss.18 With limitations, this method
has been shown to be reliable for this purpose.18,19 The cases
were divided into two groups according to bone loss around
adjacent implants: Time-dependent regular bone loss and
pathological bone loss.20
Classification of Tissue Conditions
Peri-implant conditions were classified as healthy tissue,
mucositis or peri-implantitis. Healthy tissue was defined as
PPD < 5 mm and/or SBI < 1. Non-inflammatory bone loss
was not taken into account. Peri-implant mucositis was
defined as SBI >1, PPD >5 mm and no pathological bone
loss (< 2 mm in the first year and 0.2 mm in each subsequent
year). Peri-implantitis was diagnosed when SBI >1, PPD
JAYPEE
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Table 1: Classification criteria of healthy tissue conditions, peri-implant mucositis and peri-implantitis and the corresponding number
of implants in the study
Parameter

Healthy tissue conditions

Peri-implant mucositis

Peri-implantitis

Sulcus bleeding index
Periodontal pocket depth
Bone loss
Number of implants

0-1
< 5 mm

2-4
> 5 mm
< 2 mm 1st year and < 0.2 mm/year
21

2-4
> 5 mm
> 2 mm 1st year and > 0.2 mm/year
5

211

>5 mm and pathological bone loss of >2 mm in the 1st
year and >0.2 mm in each subsequent year was detected
(Table 1).
Anamnesis
Information about the patient’s concomitant diseases,
smoking status and alcohol consumption was obtained with
a structured questionnaire.
Statistical Analysis
Descriptive statistics were calculated for all clinical and
radiographic parameters. One-way analysis of variance
(ANOVA) was performed to compare groups. Fisher’s exact
test was used to determine the influence of different
parameters. In all analyses, p < 0.05 was taken to indicate
statistical significance.

Fig. 2: The majority of implants exhibited a sulcus bleeding index
(SBI) of <1 (with 95% confidence intervals)

RESULTS
All patients included in the follow-up completed the
questionnaire. With regard to concomitant diseases, seven
patients had no systemic disease, one had diabetes mellitus
type 2, one had hepatitis A and two patients had
osteoporosis. Three patients were smokers, and three had a
history of alcohol abuse. Six percent of the patients had
known radiation anamnesis and received 78 implants. Sixtyeight percent of the implants were inserted without osseous
augmentation, and 27% received augmentation. The mean
SBI around the implants was 0.73 ± 0.69 (Fig. 2). The mean
PPD for all implants was 2.94 ± 1.29 mm (Fig. 3). Marginal
bone loss changes within the range of regular bone loss20
(Fig. 3) were observed in 232 (98%) of the implants. The
results regarding patients with healthy peri-implant tissue
conditions, peri-implant mucositis and peri-implantitis are
presented in Table 1. Risk factors for peri-implant diseases
(peri-implant mucositis and peri-implantitis vs healthy
tissue) were alcohol (p < 0.001), nicotine abuse (p < 0.001)
and irradiation (p < 0.001). Incidence of peri-implant
mucositis and peri-implantitis in relation to time since
implantation is shown in Figure 4. No correlation was seen
between time and peri-implant disease.
DISCUSSION
This retrospective study on the prevalence of peri-implant
diseases associated with the TiOblast dental implant was

Fig. 3: Mean periodontal pocket depth (PPD) and mean regular bone
loss (BL) of implants (with 95% confidence intervals)

carried out to add to the limited data available in the
literature. As it has been reported that the implant design
may be important with regard to the incidence of periimplant disease,21 it is desirable to eliminate implant design
as a confounding variable when analyzing factors associated
with the development of biological complications.
Accordingly, all patients in this study were treated with the
same implant system. Further, the lack of standardized and
internationally recognized success criteria makes it difficult
to compare different studies. In fact, some authors defined
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conditions and may be of use in planning further treatment.
In the present study, the prevalence rates of peri-implant
mucositis and peri-implantitis were lower than rates in other
studies.1,30 At the patient level, smoking was significantly
associated with peri-implant mucositis or peri-implantitis
in the present study. This finding is in accordance to results
in previously reported studies.31,32 The observation that
pathological bone loss is also closely associated with
excessive alcohol consumption was reported by GalindoMoreno et al33 as well. Irradiation has been shown to be a
risk factor for peri-implant mucositis and peri-implantitis,
as reported by Ben Slama et al.34
CONCLUSION
Fig. 4: Scatter plot showing healthy tissue conditions (1), peri-implant
mucositis (2) and peri-implantitis (3) in dependence to the time of followup. It can be seen that peri-implant mucositis as well as peri-implantitis
occur independent of time since implantation

their own criteria of success.5,22,23 In the present study, the
prevalence of peri-implant disease associated with the
TiOblast TM dental implant system was assessed by
evaluating SBI, PPD and changes in radiographic bone
height, in accordance with generally accepted success
criteria.9 These criteria have been shown to be important
indicators of peri-implant disease which may lead to preterm
loss of an implant.
The mean SBI, an indicator of the periodontal condition
around an implant, showed no or only slight inflammation
in 89% of the implants. This finding argues for a high level
of oral hygiene and is in agreement with findings of previous
studies.24,25 PPD reflects the amount of tissue resistance to
probing. Peri-implant sites with increased PPD are
associated with pathogenic microflora26 and may indicate
peri-implantitis requiring treatment. The validity of probing
the peri-implant mucosa has been evaluated in animal
experiments. Lang et al27 determined the histological level
of probe penetration in healthy and inflamed tissues around
implants in beagle dogs. The authors concluded that probing
around implants is a good technique for assessing the status
of peri-implant mucosal health and disease. In the present
study, the mean PPD was within the clinically acceptable
range (<5 mm) and was similar to the results reported in the
literature.25 The use of intra- and extraoral radiographs to
determine changes in marginal peri-implant bone loss is
widely accepted.28,29 The pathological bone loss determined
according to Albrektsson (< 2 mm in the first year and
0.2 mm in each subsequent year)20 was low in the present
study, and most of the implants that exhibited pathological
bone loss also showed increase in SBI and PPD. Thus,
pathological bone loss may be attributable to inflammation
in peri-implant tissues.1
The implant success rate was evaluated based on the
above parameters. Peri-implant conditions were classified
as healthy tissue, mucositis or peri-implantitis. This
categorization clearly represents peri-implant tissue
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Within the limitations of this study, the following
conclusions were drawn:
1. After a mean period of 9.12 years, the TiOblast dental
implant shows a marginal rate of peri-implant disease.
2. Risk factors for peri-implant mucositis and periimplantitis were alcohol and nicotine abuse as well as
prior irradiation.
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