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Extraction of teeth is followed by gradual resorption of the

bone of the residual ridge. As a consequence, the denture

bearing area gradually reduces and may become inadequate for

denture support. Approximately 35 years ago osseointegrated

endosseous titanium implants were introduced for fixation of

dental prosthesis. Patients with a severely resorbed mandible

treated with implant retained mandibular overdentures appear

to experience less complaints, to be more satisfied and to have

better subjective chewing abilities compared with patients

wearing conventional dentures (Boerrigter et al. 1995). Many

different endosseous implant systems are currently used in oral

implantology. Roughly, a distinction can be made between

implants inserted in a one-stage approach and implants inser-

ted in a two-stage approach. If an implant is inserted in a two-

stage approach, the implant is submerged during the first sur-

gical procedure (Figure 1.1). During the second surgical proce-

dure the soft tissue covering the implant is reflected and after

removing the covering screw, a transmucosal abutment is con-

nected (Figure 1.2). At the junction between implant and abut-

ment is a microgap, which is situated at crestal level. By con-

trast, in a one-stage implant system the transmucosal part is

usually integrated into the implant (Figure 1.3). The microgap

11
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Figure 1.1. A two-stage IMZ implant is 
inserted in the jaw. A thin screw is connected
to the implant and covered by oral mucosa.

Figure 1.2. After an osseointegration period
of 3 months the implant is exposed, the 
covering screw is removed and a healing
abutment is connected. This abutment will be
replaced by a titanium connector during
manufacturing the new prosthesis. The arrow
marks the microgap at crestal level.

Figure 1.3. A one-stage ITI implant is inserted
in the jaw. The transmucosal part is integrated
into the implant that perforates the oral
mucosa. On top a temporary screw is connec-
ted. This screw will be replaced by the further
prosthetic provision after an osseointegration
period of 3 months. The arrow marks the
microgap a few millimetres above crestal
level.

Figure 1.4. A two-stage IMZ implant is inser-
ted in the jaw in a one-stage procedure. 
A healing abutment is connected at once to the
implant perforating the oral mucosa. In this
way a second surgical procedure after the 
osseointegration period is not required. The
arrow marks the microgap at crestal level.



in this implant type is situated a few millimetres above crestal

level. Both one-stage and two-stage implants showed favoura-

ble results. Because only one surgical procedure is required for

one-stage implants this implant type appears to be the implant

of choice for mandibular overdenture treatment (Batenburg et

al. 1998b). Insertion of implants in a one-stage procedure has

several advantages (Buser 1999):

• only one surgical intervention is required, which is much

more convenient for the patient; 

• there is a cost-benefit advantage;

• there is a time-benefit since the prosthetic phase can start

earlier because there is no wound healing period involved

related to a second surgical procedure;

• during the osseointegration period, the implants are

accessible for clinical monitoring.

However, there are situations in which it is favourable to insert

implants in a two-stage procedure (Røynesdal et al. 1999);

• in combination with a bone augmentation procedure and

guided bone regeneration when the wound has to be 

closed tightly to prevent bone or membrane exposure;

• to prevent undesirable loading of the implants during the

osseointegration period when the temporary suprastruc-

ture can not be adjusted effectively;

• to provide the possibility to remove supramucosal and

transmucosal parts when the patient is not able to perform

a sufficient level of oral hygiene and when possible infec-

tions endanger general health;

• when implants are inserted in patients who will receive

radiotherapy in the implant region in the foreseeable 

future.

Moreover, the coronal part of the implant is located at crestal

level, giving the possibility for a more flexible emergence 

profile of the transmucosal part;

It has been proposed that marginal bone loss is more extended

around two-stage implants compared to with one-stage

implants (Hermann et al. 1997, Buser et al. 1999). Possibly, the

microflora colonising the microgap or their products are

responsible for the occurrence of this bone loss (Lindhe et al.

1992, Quirynen et al. 1993, Ericsson et al. 1995, Persson et al.

1996). However, when measured on standardised intra-oral

radiographs, marginal bone loss has been observed around

one-stage ITI implants as well (Weber et al. 1992, Batenburg et

al. 1998b). This implies that the suggestion that the microgap

is entirely responsible for marginal bone loss is questionable.

In several recent studies, applying two-stage implants in a

single surgical procedure has been reported to be promising

(Bernard et al. 1995, Ericsson et al. 1994, 1996, 1997, Becker et

al. 1997, Collaert & de Bruin 1998, Abrahamsson et al. 1999,

Røynesdal et al. 1999, Fiorellini et al. 1999) (Figure 1.4). In this

way the advantages of both system types are combined and

there are two additional advantages. First, the surgeon only

needs to have a two-stage implant system in stock for execu-

ting both submerged and non-submerged procedures. Second,

there is a possibility to switch per-operatively or during the

osseointegration period from a non-submerged procedure to a

submerged procedure if this appears to be preferable. 

The general aim of this study was to evaluate in a clinical trial

the possibility of using a two-stage implant system in a one-

stage procedure.

Specifically, the aims of this investigation were:12
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• to evaluate the long term treatment outcome of two man-

dibular two-stage implants supporting an overdenture in a

retrospective study (chapter 2).

• to provide an overview of the common peri-implant micro-

biology and to assess, based on the evidence available in

the literature, whether bacteria associated with periodonti-

tis exert a possible risk for peri-implant tissue breakdown

(chapter 3).

• to compare the crestal incision with the labial flap design

when inserting a two-stage implant system in a one-stage

procedure (chapter 4).

• to compare peri-implant clinical parameters, radiographic

bone loss and microbial colonisation following the inser-

tion of two-stage implants, either inserted in a one-stage

or two-stage procedure, and one-stage implants (chapters

5,6,7 and 8). 
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Chapter 2
Overdentures stabilised by two
IMZ implants in the lower jaw;
a 5-8 year retrospective study

This chapter is an edited version of the manuscript: Heydenrijk, K., Batenburg,

R.H.K., Raghoebar, G.M., Meijer, H.J.A., van Oort, R.P. & Stegenga, B.

(1998) Overdentures stabilised by two IMZ implants in the lower jaw; A retro-

spective study. European Journal of Prosthodontics and Restorative Dentistry; 6:

19-24. 17
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INTRODUCTION

Extraction of the teeth results in gradual resorption of the bone

of the alveolar ridge. As a consequence, the denture bearing

area gradually reduces and may become inadequate for den-

ture support. Many patients then complain that their dentures

are loose resulting in pain and discomfort during normal oral

functioning (van Waas 1990).

Implant stabilised overdentures offer a potential solution for

patients presenting with severe mandibular bone resorption.

High success rates have been reported for osseointegrated

dental implants stabilising overdentures in edentulous man-

dibles (Albrektsson et al. 1988, Adell et al. 1990, Mericske-Stern

1990, Quirynen et al .1991, Mericske-Stern et al. 1994,

Versteegh et al. 1995, Babbush & Shimura 1993, Spiekerman et

al. 1995). In most studies, Brånemark or ITI implants have been

used. 

Long-term results of mandibular overdentures stabilised with

IMZ implants (i.e., with more than 5 years follow-up) are 

limited to the study of Spiekerman et al. (1995). 

The aim of this study was to evaluate clinical and radiographi-

cal parameters of peri-implant tissues and the prosthodontic

after-care in patients treated with an IMZ implant stabilised

mandibular overdenture after a loading period of at least 5

years.

MATERIAL AND METHODS

Patients selection 

Forty-three edentulous patients were selected for treatment

with mandibular overdentures stabilised by two IMZ implants

at the Department of Oral and Maxillofacial Surgery and

Maxillofacial Prosthetics between January 1987 and March

1990. The selected patients had been referred by their dentist

or general physician because of severe dissatisfaction with

their lower denture. Forty patients (10 men and 30 women)

with a mean age of 55 ± 11 years (range 36-75 years) agreed to

participate in this study. The other three patients were not

available for evaluation because they died during the follow-up

period (two patients) or had move abroad (one patient).

Treatment procedures 

During the first visit, a routine clinical examination was carried

out and diagnostic panoramic and cephalometric radiographs

were recorded. The interforaminal bone height was between 12

and 17 mm as measured at the symphysis area on a lateral

cephalogram (Cawood V-VI, Cawood & Howell 1988). Two tita-

nium plasma sprayed IMZ implants (IMZ, Friatec, Mannheim,

Germany) were inserted in the lower jaw in the canine regions,

according to the surgical procedure described in detail by

Kirsch (1983). The first three postoperative weeks patients were

not allowed to wear the lower denture. After this period, the

lower denture was relieved in the implant area, relined with a

soft liner and replaced. Abutment connection was performed

after a healing period of three months. When an implant ap-

peared to be mobile, it was removed and after a healing period 19
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of four months a new implant was inserted.

The subsequent prosthodontic treatment was performed accor-

ding to a standardised procedure (Batenburg et al. 1993), con-

sisting of the fabrication of both an implant-retained overden-

ture and a maxillary denture. The implants were connected by a

round bar with clip attachment to stabilise the mandibular

overdenture. An oral hygiene program was initiated two weeks

after abutment connection with frequent recall visits during the

first six months. Subsequently, the patients were recalled every

six months for a control visit and evaluation of their oral 

hygiene status.

Evaluation and data collection

All patients were recalled for a clinical and radiographical 

evaluation between January and March 1995. 

The clinical examination included:

• assessment of the peri-implant soft tissues. The soft tissue

indices (plaque index, bleeding index, gingival index) are

listed in Table 2.1. After removal of the bar, pocket depths

were measured with a periodontal probe (Merritt-B, Hu

Friedy, USA) at four sites of the abutment (mesial, buccal,

distal, lingual). The probing depth was defined as the dis-

tance between the top of the gingival margin and the tip of

the periodontal probe.

• assessment of implant mobility both on clinical palpation

and with the Periotest® (Periotest, Siemens AG,

Bensheim, Germany).

• assessment of lip and chin dysaesthesia, by soft stroking

the lower lip and chin with a cotton pellet and pinching

with tweezers (Wismeijer et al .1997).

In spite of their lack of sharpness and standardisation, espe-

cially in the interforaminal region, panoramic radiographs were

used because they were the only type of radiographs available

for this retrospective study. Radiographs were recorded, all with

the same radiographic device, immediately prior to the ‘abut-

ment operation’ (i.e., three months after implant insertion (T0),

one year after insertion of the overdenture (T1), and at the time

of evaluation (T2), were compared with regard to the marginal

bone height. The bone height mesially and distally of the

implant was related to the implant length according to the cri-

teria in Table 2.1. The highest score per implant was used as

outcome value.

Data on prosthodontic aftercare were obtained from the patient

records. The prosthodontic evaluation included the need for

clip and bar corrections, relining procedures and the need for

fabricating new maxillary or mandibular dentures.

20
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Table 2.1. Definition of plaque, bleeding and gingiva indices according to
Mombelli et al. (1987) and Löe and Silness (1963) and the loss of bone related
to the implant length (Boerigter et al. 1997).



Data analysis

Possible relationships between the clinical and radiographical

parameters were tested, with the chi-square test, with a level of

significance of 0.05.

RESULTS

Implant survival

The time between the implant insertion and the evaluation ran-

ged from 65 to 96 months (median 74 months). Three implants

had to be removed in two patients at abutment connection due

to mobility. After a healing period of four months, new

implants were inserted. Because these three implants were

evaluated approximately 6 years after insertion, they were

included in this study and therefore 83 implants in 40 patients

could be evaluated. In a third patient, one implant appeared to 

be clinically mobile after six years of loading. It was striking

that the patient had reported recent emotional distress com-

bined with severe clenching. On the panoramic radiograph a

small radiolucent line was observed around the implant. At a

routine control visit, six months previously, no such signs were

obvious. In addition, there were no problems with oral hygiene

maintenance and on the panoramic radiograph of one year pre-

viously, no signs of radiolucency were observed. The implant

was removed and replaced by four new implants in the interfo-

raminal region four months later. At present (follow-up period

18 month, therefore these implants were not included in the

evaluation), the implants are clinically stable and the patient

functions well with her denture.

Clinical parameters

Table 2.2 summarises the results regarding the plaque, 

bleeding and gingiva indices at T2.

The mean pocket probing depth was 3.1 ± 1.0 mm (range 1-7

mm). At 31 implant sites (18 implants) the pocket probing

depth was more than 4 mm. Five of these implants showed

signs of inflammation (bleeding, gingival index >0), while 13

implants (72%) showed gingival hyperplasia without any sign of

inflammation. In general, there was no significant association

between pocket depth, bleeding index, and gingival index (p >

0.05).

The median periotest value (PTV) was -4 (range -7 to +6). One

implant was mobile on palpation and had a PTV of +6.

Radiographical evaluation

Table 2.3 shows the bone height scores related to the implant 21
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length according to the criteria defined in Table 2.1. Eighty-four

percent of the implants showed no measurable loss of bone

height between the scores at T1 and T2. In 11% the bone level

was lower at T2 (i.e., the bone score at T2 was higher) as com-

pared to T1 or T0 (Figure 2.1).

Peri-implant marginal bone height scores and gingival inflam-

mation or pocket depth were not significantly related (p>0.05).

22
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Table 2.3. Combinations of bone height scores (according to Table 2.1) as
assessed on panoramic radiographs at T0 (prior to abutment connection), T1
(one year after insertion of the new dentures) and T2 (at the evaluation).

Figure 2.1. Three panoramic radiographs of the same patient made at T0
(bone score 0), T1 (bone score 1) and T2 (bone score 2). The arrows mark the
bone level.



Prosthodontic aftercare

After overdenture insertion, the patients visited their dentist 16

times on average (range 6 to 32 times) during the 5-8 years fol-

low-up period. Eight of these 16 visits were due to routine con-

trol visits, while the other visits were to adjust the dentures or

the suprastructure. Twenty patients (all treated before 1989)

had been provided with plastic clips, while the other patients

had a mandibular overdenture with metal clips. Fifty-three clips

(including all plastic clips) in 34 patients had to be replaced

and 18 new bars (16 patients) were made. Four new maxillary

dentures and seven new mandibular overdentures have been

made during the follow-up period. Mandibular overdentures

were relined 34 times in 24 patients, while 19 maxillary 

dentures were relined in sixteen patients.

DISCUSSION

At the time of evaluation, the vast majority (94%) of the

implants were still functioning well. For an implant to be regar-

ded a “success”, several clinical and radiographical criteria, as

suggested by Albrektsson et al. (1986) must be met. A success-

ful implant must be immobile and there must be absence of

clinical signs and symptoms such as pain, infection and pa-

raesthesia. Implant mobility is indicative for lack of osseo-

integration, possibly related to the presence of inflammation or

functional overloading. Therefore, immobility should be a hard

success criterion, and a mobile implant should be regarded a

failure. According to the criteria suggested by Albrektsson et al.

(1986, 1991), immobility of clinical testing is required. Smith &

Zarb (1989) additionally required a solid ringing sound on per-

cussion as a sign of immobility. The periotest value (PTV) has

been proposed as a more objective evaluation of the periodon-

tal health status of natural teeth (d’Hoedt & Schramm-Scherer

1988, Olivé & Aparico 1990, van Scotter & Wilson 1991), and

has been suggested to be a reliable and reproducible objective

quantification of bone apposition around an implant (Teerlinck

et al. 1991, van Steenberghe & Quirynen 1993).

In our material, one implant was mobile on palpation; this

implant showed a PTV of +6. Thus, according to the

Albrektsson criteria this implant must be regarded as a failure.

Radiographically, vertical bone loss around this implant could

be observed. Although the cause for this bone loss was not

obvious, it might be associated with occlusal overloading, pre-

sumably due to clenching (Quirynen & van Steenberghe 1992).

One implant had a PTV of +5 and was clinically immobile while

more than 2/3 of the implant length was covered with bone. All

other implants were immobile and scored a PTV £0. Normal

PTV ranges for most implant systems have previously been

determined to vary from < +5 to +8 (d’Hoedt & Schramm-

Scherer 1988). Furthermore, absence of palpable movement of

a natural tooth has been described to correspond to PTV of <

+10 (van Scotter & Wilson 1991). Although normal PTV ranges

for IMZ implants in the mandible with titanium inserts have

not been described previously, it seems reasonable to regard a

PTV of < +5 as “normal” based on these figures. The results of

our study are compatible with this cut-off point, although we

do not have an explanation for the relatively low PTV for the

mobile implant.

Our results indicate that most patients had healthy peri- 23
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implant tissues. The outcomes of the clinical parameters are in

accordance with previous reports on implant-stabilised over-

dentures (Quirynen et al. 1991, Mericske-Stern et al. 1994,

Gotfredsen et al. 1993, Naert et al. 1994, Batenburg et al. 1994,

Boerrigter et al. 1997). Probably, this relates to the performance

and maintenance of adequate oral hygiene based on the strict

initial oral hygiene program during the first six months and

subsequent six months evaluations of the oral hygiene status. 

A striking finding in our material was the low bleeding preva-

lence. As suggested by Mericske-Stern et al. (1994), absence of

bleeding on probing is reliably associated with maintenance of

healthy peri-implant tissues. Of the implants that were in place

at evaluation, only one implant showed a bleeding index > 1.

This finding supports the high level of clinical health of peri-

implant tissues.

The relatively high percentage of implants with pockets of more

than 4 mm associated with gingival hyperplasia without any

sign of inflammation suggests that these pockets must be

regarded ‘pseudo-pockets’. Given the high standard of oral

hygiene generally seen in these patients, no adverse effects are

to be expected from this clinical situation with regard to the

implant prognosis.

High plaque scores are usually correlated with high bleeding

scores and other parameters related to gingival health. The lack

of any significant association between pocket depth, bleeding

index, and gingival index we found in our study has been repor-

ted previously (Mericske-Stern 1990, Naert et al. 1994), and is

likely attributable to the limited number of implants with hig-

her scores on the indices. However, in a prospective longitudi-

nal study, Mericske-Stern et al. (1994) demonstrated a higher

bleeding prevalence with increased plaque or increased pro-

bing depths.

Another clinical criterion for “success” relates to paraesthesia

as a possible surgical risk due to damage of the mental nerve

(Ellies & Hawker 1993). Although paraesthesia as a result of

mental nerve damage has been reported previously (Wismeijer

et al. 1997) none of our patients experienced a paraesthesia in

lip and chin region. Provided the surgical procedure has care-

fully been carried out, insertion of two IMZ implants in the

interforaminal region may therefore be regarded a safe proce-

dure in this respect. The risk of nerve damage is probably 

higher when four implants are inserted.

Radiographical criteria for “success” include absence of peri-

implant radiolucency and a vertical bone loss of less than 0.2

mm annually following the implant’s first year of functioning

(Albrektsson et al. 1986). Regarding the former item, the

implant that appeared to be mobile after six years showed a

peri-implant radiolucent line on the orthopantomogram, and

should be regarded a failure according to this criterion as well.

Due to the retrospective nature of the present study we were

only able to compare the marginal bone height on the panora-

mic radiographs recorded three months after implant insertion,

(T0), one year after insertion of the new dentures (T1), and at

the time of evaluation (T2). As shown in Table 2.3, the bone

level around 70 (84%) implants at the evaluation was compara-

ble to the level one year after denture insertion. Nine implants

(11%) showed a reduced peri-implant bone height at T2 as

compared to T1. However, there is no evidence to show

whether this bone loss occurred in an episodic or continuous

manner. 24
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Our findings do not support those of previous studies

(Spiekermann et al. 1995, Albrektsson et al. 1988), in which an

annual bone loss ranging between 0.07 and 0.54 mm has been

reported. However, our assessments are based on a less dis-

criminating scale because panoramic radiographs were the only

type of radiographs available for this retrospective study. In

prospective research projects the use of reproducible intra-oral

radiographs are preferable, allowing for more reliable quantifi-

cation of peri-implant bone loss (Meijer et al. 1992, Meijer et

al. 1993).

According to Albrektsson’s criteria, the evaluation period must

be at least five years. Of the originally inserted implants (n=80

in 40 patients), four implants were lost and one implant ap-

peared to be mobile. Three of the lost implants were replaced

and could be included in the present evaluation as they have

been in place for 67 and 73 months, respectively. Thus, of 83

implants, five implants (6%) must be regarded ‘failures’ accord-

ding to the Albrektsson criteria. This success rate is in accord-

ance with the results of most previous studies on overdentures

(Quirynen et al. 1991, Mericske-Stern et al. 1994, Babbush &

Shimura 1993, Spiekermann et al. 1995, Parel 1986, Naert et al.

1988, Enquist et al. 1988). The reason for the failures during the

healing period is uncertain. The most likely explanations include

surgical trauma or bacterial infection. The loss of an implant

after a loading period of six years is even more obscure.

In three previous studies in which the prosthodontic aftercare

was assessed (Mericske-Stern 1990, Versteegh et al. 1995,

Boerrigter 1996) the frequency of common prosthodontic

adjustments was comparable to our results. In our patient

material, the clip and bar construction had to be adjusted rela-

tively often. A possible explanation may be that for the patients

treated until 1989 (20 patients) a round bar with a plastic clip

was fabricated. In many cases, the plastic clips appeared to

cause wear to the bar to an extent that made its replacement

necessary. Another disadvantage of plastic clips is that they

cannot be activated. Therefore, it was decided to provide the

other 20 patients with a mandibular overdenture with a metal

clip.

From this study, it can be concluded that the clinical and radio-

graphical peri-implant tissue condition appears to remain ade-

quate for IMZ implants connected by a bar to provide proper

support and long-term stability for a mandibular overdenture.
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INTRODUCTION

Root-formed endosseous implants are commonly used for the

fixation of prosthetic constructions. Brånemark and co-workers

(1969) were the first to describe the anchorage of dental pros-

theses on osseointegrated dental implants. Over the years,

many different implant systems have been introduced and the

indications for their application have gradually been extended.

Although high success rates have consistently been reported

for many implant systems (Fiorellini et al. 1998), failures lead-

ing to implant removal still occur. The overall failure rate for

Brånemark implants is 7.7% over a 5-year period (Esposito et

al. 1998a). The failure rates in the edentulous maxilla and man-

dible are 10% and 3%, respectively, while in partially edentu-

lous patients 4% of the implants are lost (Esposito et al.

1998a). For other implant systems comparable failure rates

have been reported (Fiorellini et al. 1998). 

To achieve consensus on the terminology, ‘Implant failure’ is

defined as the inadequacy of the host tissue to establish or to

maintain osseointegration (Esposito et al. 1998a), and ‘Peri-

implantitis’ is defined as the inflammatory process affecting

the tissue around an osseointegrated implant in function,

resulting in loss of supporting bone  (Mombelli & Lang 1998). 

Failing implants are characterised by loss of supporting bone

and mobility. Patients experience spontaneous pain as well as

pain on clenching, percussion or palpation, and deep pockets

may be present. Referring to the occurrence in time, early and

late failures can be distinguished. In early failure, osseointegra-

tion has never been established, thus representing an interfer-

ence with the healing process. Early failures occur prior to

prosthetic rehabilitation (Esposito et al. 1998a). Surgical trau-

ma, insufficient quantity or quality of the bone surrounding the

implant, premature loading of the implant, and bacterial infec-

tion have been implicated as causes for early implant failure

(Adell et al. 1981, Tonetti & Schmid 1994). In late failure, the

established osseointegration is not maintained, implying pro-

cesses involving loss of osseointegration. Late failures occur

following prosthetic rehabilitation (Esposito et al. 1998a). Late

failures can be divided into two subgroups, one including

implants failing during the first year of loading (‘soon’ late fail-

ures) and one including implants failing in subsequent years

(‘delayed’ late failures). Each makes up about 50% of the late

failures. It seems reasonable to attribute most of the ‘soon’

late failures to overloading in relation to poor bone quality and

insufficient bone volume. The ‘delayed’ late failures probably

can be attributed to progressive changes of the loading condi-

tions in relation to bone quality and volume and peri-implanti-

tis (Esposito et al. 1998b, Tonetti & Schmid 1994). 

Peri-implantitis accounts for approximately 10% of failing

Brånemark implants (Esposito et al. 1998a). The higher preva-

lence of ITI and IMZ implant failure due to peri-implantitis has

been attributed to differences in implant design and surface

characteristics (Esposito et al. 1998a), but this assumption still

remains to be proven. There is evidence supporting the view

that periodontal pathogens, mainly belonging to the group of

gram-negative anaerobic rods, play an important role in devel-

oping peri-implantitis. In this article, this evidence is reviewed

against the background of the current knowledge of the com-

mon peri-implant microbiology.

33
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METHOD

This paper provides a comprehensive review of the studies

published in the international English language peer reviewed

literature concerning the subgingival microflora surrounding

root-formed endosseous oral implants in humans. Publications

presented in abstract form were ignored. Due to major differ-

ences between study designs and (or) methodologic short-

comings, it was not possible to execute a meta-analysis that

includes a sufficient number of studies.

Microbial colonisation of the mouth without implants

It has been estimated that about 400 different species are

capable of colonising the dentate oral cavity and that any indi-

vidual may harbour over 150 different species (Socransky &

Haffajee 1997). Samples from the healthy gingival sulcus con-

tain relatively few (103 – 106) cultivable organisms, predomi-

nantly consisting of Gram-positive cocci and rods, principally

Actinomyces naeslundii (14%), Actinomyces gerencseriae (11%),

Streptococcus oralis (14%) and Peptostreptococcus micros (5%) (Slots

1977, Tanner et al.1998, Haffajee et al. 1998, Ximénez-Fyvie et

al. 2000). Gram-negative anaerobic rods comprise 13% of the

total cultivable organisms on the average. Many of the suspect-

ed periodontal pathogens belong to this anaerobic group, 

indicating that colonisation with putative periodontal patho-

gens in healthy subjects without signs of gingival inflammation

is possible (Tanner et al.1998).

Subgingival bacterial counts range up to more than 108 in deep

periodontal pockets. There is general agreement that periodon-

titis is an infectious disease associated with only a few of the

bacterial species found in dental plaque (Riviere et al. 1996).

With the development of periodontitis there is a shift towards a

subgingival flora containing a higher proportion of Gram-nega-

tive rods and decreased proportions of Gram-positive species.

In an established periodontal lesion, low numbers of cocci and

high numbers of motile rods and spirochetes are seen.

Increased proportions of P. gingivalis, B. forsythus and species of

Prevotella, Fusobacterium, Campylobacter and Treponema have been

detected (Haffajee et al. 1998, Ximénez-Fyvie et al. 2000). 

P. gingivalis was isolated in 79% of periodontitis patients (Griffen

et al. 1998). However, it is still unknown whether the presence

of the Gram-negative bacteria is secondary to altered nutrition-

al and anaerobic conditions because of the inflammatory pro-

cesses and pocket formation, or responsible for the periodontal

destruction (Slots 1977). To become associated with destructive

periodontitis, the microorganisms must comply several criteria

(Socransky & Haffajee 1997):

• the species should be found more frequently and in higher

proportions in cases of infection compared to non-dis-

eased sites (association);

• absence of the species should be accompanied by a paral-

lel remission of disease (elimination);

• production of antibodies or cellular immune response is

directed specifically at that species (host response);

• potentially damaging metabolites are produced or proper-

ties possessed by a species (virulence factors); 

• periodontal disease progression conferred by the presence

of a species at a given level is evaluated in a prospective

study (risk assessment). 34
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On basis of these criteria several species have been related to

the aetiology of destructive periodontal diseases, of which A.

actinomycetemcomitans and P. gingivalis have the strongest associa-

tion. A. actinomycetemcomitans is the most important micro-organ-

ism in juvenile periodontitis, while P. gingivalis is considered to

be associated with adult periodontitis and refractory periodon-

titis. In low numbers, P. intermedia and P. nigrescens have been

found in periodontally healthy subjects, but they may also be

associated with the development of periodontitis. To affect

periodontal tissues, these species probably must persist in the

subgingival area at elevated levels over extended periods of

time. Furthermore, B. forsythus is found more frequently in

periodontal patients and its levels are related to probing depth

and periodontal breakdown (Haffajee & Socransky 1994,

Haffajee et al. 1998, Ximénez-Fyvie et al. 2000). Other bacteria

associated with periodontal destruction include Fusobacterium

nucleatum, Campylobacter rectus, Peptostreptococcus micros, Treponema

denticola and Treponema vincentii. Like P. intermedia, these species

are probably opportunistic pathogens with relatively low patho-

genic potential and have to colonise the subgingival area for

longer periods of time at elevated levels to be able to affect the

periodontium. 

Most of the above mentioned periodontal pathogens are Gram-

negative anaerobic rods. It is, therefore, not surprising that

there is a shift towards a subgingival flora containing relatively

more Gram-negative rods and less Gram-positive species

during the development of periodontitis. 

Following full mouth tooth extraction, changes occur in the tis-

sues and/or surfaces that are available for microorganisms to

adhere to. When patients with severe periodontitis become

edentulous, A. actinomycetemcomitans and P. gingivalis are no longer

detectable within a month after full mouth tooth extraction,

suggesting that their primary habitat is the dentition or the

periodontal sulcus (Danser et al. 1994). Furthermore, a marked

reduction or even elimination of spirochetes as well as a reduc-

tion in lactobacilli, yeasts, Streptococcus mutans and Streptococcus

sanguis occurs in edentulous adults with or without dentures

compared to dentate patients (Socransky & Manganiello 1971).

It seems that no significant periodontopathic flora, capable of

constituting a risk factor or reservoir for transmission (Danser

et al. 1994), e.g. when implants will be inserted, is left following

full mouth tooth extraction.

Microbiota around stable implants

In edentulous patients, the subgingival area around implants

mainly consists of Gram-positive facultative cocci and non-

motile rods. On clinically stable implants S. sanguis and

S. mitis are the most predominant organisms, while motile rods,

spirochetes, fusiforms and filaments are infrequently found

(Mombelli & Lang 1994). A. actinomycetemcomitans and P. gingivalis

are seldom detected, whereas P. intermedia and P. nigrescens are

more common. The peri-implant flora in edentulous patients is

comparable with the flora colonising the oral soft tissues of

denture wearing edentulous patients without implants and the

subgingival flora of periodontally healthy dentate patients

(Gusberti et al. 1985, Nakou et al. 1987, Mombelli et al. 1988,

Sordyl et al. 1995, Danser et al. 1995). Furthermore, the peri-

implant microbiota is established quite soon after implant

insertion and significant subsequent shifts do not occur 35
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(Mombelli et al. 1988, Mombelli & Mericske-Stern, 1990). These

data show that the microflora is stable in healthy cases, com-

prising a microbiota in which periodontal pathogens are only

present at low or below detectable levels.

In partially edentulous patients, the total number of peri-

implant microorganisms is increased and the proportion of

motile rods, spirochetes and cocci is increased when compared

to edentulous patients (Quirynen & Listgarten 1990, Dharmar

et al. 1994, Papaioannou et al. 1995). Quirynen et al. (1996) iso-

lated the periodontal pathogens P. intermedia/P. nigrescens, A. acti-

nomycetemcomitans and P. gingivalis in 9(26%), 1(3%) and 1(3%) of

the partially edentulous patients, respectively, and in none of

the edentulous patients. More specifically, they observed that

the proportion of spirochetes and motiles around the implants

had increased at the expense of the proportion of cocci if the

flora of the remaining teeth harboured more than 20% spiro-

chetes. The concept that the composition of the subgingival

microflora around implants in partially edentulous patients is a

resultant of the composition of the flora around the teeth has

been confirmed in other studies (Kohavi et al. 1994, Mombelli

et al., 1995, Quirynen et al. 1996, Papaioannou et al. 1996,

Mengel et al. 1996, Kalykakis et al. 1998, Keller et al. 1998, Lee

et al. 1999a, 1996b, Sbordone et al. 1999, Hultin et al. 2000).

Thus, the peri-implant microflora in partially edentulous

patients seems to depend on the periodontal flora of the

remaining dentition. Like in edentulous patients, colonisation

of the implant sites with the flora specific for that patient

occurs soon after the implants are in contact with the oral envi-

ronment without major changes over time (Koka et al. 1993,

Leonhardt et al. 1993, Pontoriero et al. 1994, Mengel et al.

1996, van Winkelhoff et al. 2000). However, Kalykakis et al.

(1994) and Papaioannou et al. (1995) have reported some time-

dependent changes in the peri-implant flora. Papaioannou et

al. (1995) reported an increase of the proportion of motile rods

and spirochetes at the expense of cocci around implants.

Kalykasis et al. (1994) reported an increase with time of the

putative periodontal pathogens, such as P. gingivalis, A. actinomy-

cetemcomitans or P. intermedia. Because of the retrospective nature

of latter studies, the authors executed cross-sectional statistics

and only limited conclusions can be drawn. The true time effect

can only be judged based on sufficiently large prospective lon-

gitudinal studies (Koka et al. 1993, Leonhardt et al. 1993,

Pontoriero et al. 1994, van Winkelhoff et al. 2000). It is general-

ly assumed that no significant changes in the oral microbiota

occur on the long term and that present (potential) pathogens

do not necessarily act as being peri-implant pathogenic (Koka

et al. 1993, Leonhardt et al. 1993). 

It has been suggested that differences in the microbiota might

occur due to various implant characteristics (a.o. material,

coating, roughness, shape) (Esposito et al. 1998a). However,

studies of Alcoforado et al. (1990), Rams et al. (1991),

Mombelli et al. (1995) and Lee et al. (1999a) could not relate

the presence of particular microorganisms to a particular

implant system. Thus, although only limited data are available

comparing the microflora of different implant systems, the

implant type and surface roughness do not seem to be of 

significant importance in the peri-implant microflora.

36
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Microbiota around failing implants

A wide variety of microorganisms can be cultivated from the

peri-implant region of failing root-formed endosseous implants

in (partially) edentulous patients. Implant failure cannot be

related to a specific microorganism, but certain bacteria are

more frequently present around failing implants than others

(Table 3.1).

Mombelli et al. (1987) isolated an increased proportion of

Gram-negative anaerobic rods in edentulous and partially

edentulous patients, particularly high levels of P. intermedia,

Fusobacteria and spirochetes. Alcoforado et al. (1990) observed

high proportions of P. micros and P. intermedia, C. rectus, and

Fusobacterium species. Listgarten & Lai (1999) isolated B. forsyt-

hus (59%), spirochetes (54%), Fusobacterium (41%), P. micros (39%),

and P. gingivalis (27%) around many of the failing implants in

partially edentulous patients. Van Winkelhoff et al. (2000) eval-

uated the microflora of periodontal pockets and the peri-

implant sulcus in 20 partially edentulous patients at four occa-

sions, ranging from implant insertion up to 1 year after loading.

Pre-operatively, P. gingivalis was isolated in 3 patients. In one of

these patients, two implants were lost within 12 months after

abutment connection due to loss of osseointegration. In this

prospective study, the authors suggest that P. gingivalis might

have played a role in this implant failure, although this obser-

vation is rather casuistic. 

The results of the above mentioned studies suggest similarities

between the microbiota around failing implants and the micro-

biota associated with periodontitis. Because totally edentulous

patients often lack potential periodontal pathogens, which are

more common in dentate patients, it is of great interest to

compare the microbiota around failing implants in edentulous

and partially edentulous patients. Unfortunately, in only one

study the microbiota of a failing implant in an edentulous

patient is reported (Mombelli et al. 1988). Other studies evalu-

ating the microbiota of failing implants included edentulous as

well as partially edentulous patients, but the authors did not

describe their observations for each separate patient group.

Therefore, the incidence or the pattern of failure in edentulous

and partially edentulous patients cannot be compared. Also

the question as to whether peri-implantitis is more common in

either partially edentulous or edentulous patients remains

unsolved. The latter might provide a clue in resolving the dis-

cussion whether the actual oral microbiota is the cause or the

result of peri-implantitis. 

Malmstrom et al. (1990) and Fardel et al. (1999) concluded that

implants inserted in patients with a history of refractory (recur-

rent) periodontitis probably are at increased risk of failure pre-

sumably because the chance to harbour potential periodontal

pathogens is higher. The distressing results of these two case

reports can easily lead to the hypothesis that implant insertion

is contra-indicated in patients with (a history of) refractory

periodontitis. However, this is not supported by larger studies

in these periodontal patients which report success rates exceed-

ing 90% (Rams et al. 1991, Leonhardt et al. 1993, Nevins &

Langer 1995). In the study of Leonhardt et al. (1993), 19 dentate

periodontal patients were followed-up for 3 years after implant

insertion. Pre-operatively, more than 30% of the patients was

colonised with A. actinomycetemcomitans or P. gingivalis and nearly

all patients harboured P. intermedia. Within one month after

implant insertion these microorganisms were found around 37
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Table 3.1. Studies evaluating the microbiota of the peri-implant area of failing implants. 

Publication Study  Patients  Implants  Time of   Results
Design N N Type failure

Mombelli ‘87 Retro.    7     8 ITI ND Failing implants harboured a flora similar to adult periodontitis with
E+PE increased proportions of P. intermedia, Fusobacterium spp. and spirochetes.

P. gingivalis was not isolated.

Mombelli ‘88 Prosp. 1 E 1 ITI 0-4 months* Chronologically, increased proportions of Actinomyces odontolyticus followed by
Fusobacterium spp. and spirochetes were found around the failing implant.

Alcoforado ‘90 Retro. 12  18 5  ND A great diversity in the microbial composition with oral as welll as 
E+PE different primarily non-oral organisms were isolated around the different failing implants.

Becker ‘90 Retro. 7 15 4  6-12 months** A. actinomycetemcomitans, P. gingivalis and P. intermedia were frequently found 
E+PE different at moderate levels around failing implants.

Malmstrom ‘90 Retro. 1 PE 4 Brån. 0-2 months** C. rectus, F. nucleatum and E. corrodens were assiociated with implant failure in a
patient with rapidly progressive periodontitis.

Quirynen ‘90 Retro. 4 4 Brån. ND Implants failing due to overload demonstrate a flora similar to periodontal 
E+PE health while implants failing due to inflection are colonised by a periodonto-

pathic flora.

Rosenberg ‘91 Prosp. 5 PE, 32 4 different 2-18 months** In implants failing with infection many suspected periodontopathic
6 E organisms constitute high proportions of the cultivable microflora while 

implants failing from suspected traumatic influences demonstrate a flora similar
to periodontal health.

Rams ‘91 Retro. 1 PE 1 Tri-Stage 10 months** High proportions of Fusobacterium spp. and Peptostreptococcus prevotii were 
isolated in the failing implant.

Listgarten ‘99 Retro. 41 41 ? ND High incidence of B. forsythus, spirochetes, Fusobacterium spp., P. micros and 
   ND P. gingivalis

Winkelhoff ‘00 Prosp. 1 PE 2 Brån. 0-12 months** Implant loss was assiociated with high levels of P. gingivalis.

Retro-retrospective; Prosp-prospective; E-edentulous; PE-partially edentulous; ND-not defined; Brån-Brånemark; * after implant insertion; ** after loading.



most implants, but at the 3-years evaluation, peri-implant 

marginal bone loss exceeding 0.5 mm was observed in only one

patient. These results suggest that the presence of periodontal

pathogens does not necessarily result in the development of

peri-implantitis, but the presence of other (co)-factors is required

as well. In other words, local or systemic circumstances are

needed to give the supposed periodontopathic microorganism

the opportunity to become really pathogenic and causative for

infection. 

Quirynen & Listgarten (1990) and Rosenberg et al. (1991)

observed significant differences of the peri-implant flora in

cases of failure due to infection or associated with traumatic

overloading. In patients with failing implants due to infection

many spirochetes and motile rods could be cultivated while the

peri-implant flora of implants failing due to overloading

resembled that of subjects with periodontal health. It seems

realistic to conclude that it is possible to insert implants with

acceptable success rates in periodontal patients as long as the

number of potential periodontal pathogens is kept at a low

level (Leonhardt et al. 1993) and other potential (co-)factors

are within normal limits. 

Effect of mucosal clinical variables and peri-implant bone
level on the microflora

For teeth, clinical parameters like plaque index, bleeding index,

gingiva index and probing pocket depth are positively correla-

ted with the presence of suspected periodontal pathogens

(Savitt & Socransky 1984). It is of interest to note that compara-

ble associations have been reported for dental implants in

several studies. Positive correlations have been found between

the bleeding index and the proportion of motile organisms

(Papaioannou et al. 1995) and also between probing pocket

depth and the composition of microflora (Lekholm et al. 1986a,

Sanz et al. 1990, Rams et al. 1991, Mombelli & Mericske-Stern

1990, Palmisano et al. 1991, Dharmar et al. 1994, Papaioannou

et al. 1995, Quirynen et al. 1996, Danser et al. 1997, Tanner et

al. 1997, Keller et al. 1998) (Table 3.2). In other studies, how-

ever, no such associations have been established (Lekholm et

al. 1986b, Adell et al. 1986, Aspe et al. 1989, Mombelli et al.

1995, Sbordone et al. 1999). Although suspected periodontal

pathogens were identified at implant sites in these studies, the

clinical parameters were not indicative of deteriorating support

or implant failure. This supports our hypothesis that co-factors

are required for periodontopathic bacteria to become pathoge-

nic.

Probing pocket depth has been found to be the most important

clinical parameter in relation to the peri-implant microbiota

(Rams et al. 1991). With increasing pocket depth, a significant

decline in cocci and increase of other morphotypes (motiles

and spirochetes) as well as for the total number of organisms

was observed (Rams et al. 1991). Other clinical parameters

seem to be less significant in relation to the peri-implant

microbiota. 

A few studies revealed the microbiota of implants with peri-

implant bone defects (Leonhardt et al. 1993, Mengel et al.

1996, Augthun & Conrads 1997, Salcetti et al. 1997, Leonhardt

et al. 1999, Hultin et al. 2000) (Table 3.3). Again, these bone

defects could not specifically be related to the presence of cer-

tain microorganisms, but certain microorganisms were detec- 39
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Table 3.2. Studies evaluating the correlation between clinical parameters and the peri-implant microflora. 

Publication 
Study  Patients  Implants  Time of   

Results
Design N N Type sampling

Lekholm ‘86a Retro.    20     125 Brån. 0.5-12 Deeper pockets were correlated with increasing presence of spirochetes.
E+PE years

Sanz  '90 Retro. 13 PE 13 ESCI ND Pathogens associated with active periodontitis lesions were detected in higher
frequencies and percentages in implants with pockets ≥4mm, GI≥2 or CCF≥40.

Mombelli ‘90 Prosp. 18 E 36 ITI 2-3 The relative proportion of Capnocytophaga was related to PPD and bleeding.
years

Rams ‘91 Retro. 9PE 40 Tri- 7-10 Increased PPD was related to decreased proportion of cocci and increased 
Stage months proportion of motiles. Pockets >7 mm harboured more Fusobacterium spp. and 

P. prevotii (1 patient).

Palmisano ‘91 Retro. 25 43 Integral 1 PPD was positively correlated with spirochetes and negatively correlated with
E+PE year cocci.

Dharmar ‘94 Retro. 24 64 Brån. ND PPD was positively correlated with motile rods and negatively correlated with
E+PE cocci.

Papaioannou ‘95 Retro. 297 561 Brån. 1-120 PPD was positively correlated with spirochetes, fusiforms and filaments and 
E+PE months negatively correlated with cocci. BOP was positively correlated with motile rods.

Quirynen ‘96 Retro. 159 PE 300 Brån. 1-11 Samples from peri-implant pockets ≥4 mm showed increased proportions of 
years spirochetes and motiles.

Danser ‘97 Retro. 20 E 91 Brån./ 1-12 Subjects harbouring P. intermedia showed pockets ≥5 mm.
IMZ years

Tanner ‘97 Retro. 12 12 ND ND Implants with deeper probing depths or increased bone loss were frequently 
  ND colonised by B, forsythus, F. nucleatum and C. rectus.

Keller ‘98 Retro. 15 PE 60 ITI 0.5-5 C. rectus was found more frequently in pockets ≥4 mm. P. gingivalis, 
years Selenomonas spp., P. melaninogenica and A. naeslundii were only isolated from 

pockets ≥4 mm.

Retro-retrospective; Prosp-prospective; E-edentulous; PE-partially edentulous; ND-not defined; Brån-Brånemark; ESCI-endosteal sapphire ceramic implant;
GI-Gingiva; Index; CFF-crevicular fluid flow; PPD-probing pocket depth; BOP-bleeding on probing.



table or present at higher levels in peri-implant bone defects.

Menger et al. (1996) did not find any correlation between the

subgingival microflora and peri-implant marginal bone loss,

while other authors reported some correlations. 

Frequently P. intermedia, P. gingivalis, A. actinomycetemcomitans, B.

forsythus, T. denticola, P. nigrescens, P. micros and F. nucleatum were

isolated in implants showing bone defects (Leonhardt et al.

1993, 1999, Salcetti et al. 1997, Augthun & Conrads 1997, 

Hultin et al 2000). Again co-factors seem to be required for

periodontopathic bacteria to be associated with peri-implant

bone loss.

CONCLUSIONS

The peri-implant tissues of dental implants are colonised by a

large variety of oral microbial complexes. The microflora which

is present in the oral cavity before implantation determines the

composition of the newly establishing microflora around

implants. Implants with signs of deterioration (peri-implantitis)

show a microbiota resembling that of adult or refractory perio-

dontitis. These implants yield large amounts of gram-negative

anaerobic bacteria with Fusobacteria, spirochetes, B. forsythus and

‘black pigmenting bacteria’ such as P. intermedia and P. nigrescens. 41
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Table 3.3. Studies evaluating the correlation between marginal bone loss and the peri-implant microflora. 

Publication 
Study  Patients  Implants  Time of   

Results
Design N N Type sampling

Leonhardt ‘93 Prosp.    19 PE     63 Brån. 0-36 Three implants in 1 patient showed at the 3 years evaluation bone loss 
months >0.5 mm. These implants were colonised with P. intermedia.

Mengel ‘96 Prosp. 5 PE 36 Brån. 12 months No correlation was found between the subgingival microflora and peri-implant
marginal bone loss.

Augthun ‘97 Retro. 12 E 18 IMZ 6 years All implants showed bone loss exceeding 5 mm. Most implants were colonised
by A. actinomycetemcomitans and Prevotella spp.

Salcetti ‘97 Retro. 29 E+PE 69 ND- 1 year Implants showing >2 mm bone loss harboured more frequently F. nucleatum, 
P. micros and P. nigrescens.

Leonhardt ‘99 Retro. 88 E+PE ND Brån. 5-7 years Implants with bone loss ≥3 threads after the first year of loading were frequently
colonised by P. gingivalis, P. intermedia or A. actinomycetemcomitans. Staphylococcus
spp., enterics and Candida spp. were found frequently.

Hultin ‘00 Retro. 15 PE 55 Brån. 10 years 5 implants showed bone loss >2 mm. These implants were colonised by 
A. actinomycetemcomitans, P. gingivalis, P. intermedia, B. forsythus and T. denticola.

Prosp-prospective; Retro-retrospective; E-edentulous; PE-partially edentulous; ND-not defined; Brån-Brånemark.



P. gingivalis and A. actinomycetemcomitans are infrequently cultivated

putative periodontal pathogens. It is controversial to what

extent the recovered organisms are the cause of the failure or

that the actual microbiota is merely a result or a manifestation

of changed intra-oral circumstances. After all, it has been

shown that periodontal pathogens can be present in the sub-

gingival area around implants for a long period of time without

resulting in signs of destructive processes or implant failure.

Moreover, when peri-implantitis is present around one of mul-

tiple implants in the same patient, the other implants (which

are exposed to the same oral environment) do not necessarily

show signs of deterioration. Therefore, the role of oral microbi-

ota in implant failure is subject of discussion. Local circum-

stances (e.g. unsatisfactory oral hygiene, bone defects, deep

pockets, overload) as well as systemic conditions (e.g. diabe-

tes, smoking, genetic factors) may be important contributing

factors as well. This is in agreement with the current periodon-

tal literature in which it is increasingly emphasised that systemic

factors play a role in the development of periodontitis (Wilson

1999, Wilson & Nunn 1999, Kronström et al. 2000). The known

periodontal pathogens are linked to periodontitis in different

ways. A. actinomycetemcomitans and P. gingivalis seems to play a

primary role in the development of periodontitis (Griffen et al

1998, Haffajee et al. 1998, Timmerman et al 2001). However,

these microorganisms are infrequently found in peri-implanti-

tis. Other periodontal pathogens play a secondary role in the

development of periodontitis. They must be present in high

numbers or a co-factor is required for these pathogens to come

to expression (Haffajee et al. 1998). Therefore, we postulate the

following hypothesis. Microorganisms have the potential to act

as a promoter or catalyst in implant failure, but they need a

suitable oral environment to do so. In other words, favourable

local circumstances or systemic conditions are required to

allow microorganisms to become pathogenic. As A. actinomyce-

temcomitans and P. gingivalis are infrequently found in peri-

implantitis patients and other periopathogens are thought to

be less pathogenic, local circumstances and systemic conditions

are probably more important in implant failure than the 

presence of periopathogens only. This hypothesis is in agree-

ment with the increasing evidence in periodontology support-

ing bacteria to cause the disease, but the individual’s genetic

make-up and environmental influences determine the severity

of the disease (Wilson 1999, McGuire & Nunn 1999). Peri-

implantitis can be considered as being multi-factorial as well,

including host related factors (Wilson & Nunn 1999, Kronström

et al. 2000). Probably a complex interplay between the bacterial

challenge and host factors determines whether a rapidly

progressing peri-implantitis develops leading to implant failure.

Specific micro-organisms may play a role in initiating this 

process, but more likely are of importance in its maintenance

or its progression.

Future research should concentrate on discovering relevant

local and systemic conditions in the aetiology of peri-implanti-

tis. If these latter conditions are known, patients at risk can be

defined and pre-operative measures to increase implant surviv-

al can possibly be implemented. Probably this is a more 

rational approach than a microbial survey as such. In other

words, a microbial survey can be reserved for patients who are

potentially at risk thus saving the costs and reducing the use of

antibiotics in eradicating periodontalpathogens. 42
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INTRODUCTION

An implant-stabilised overdenture has been shown to be a pre-

dictable solution for problems with retention and stability of a

lower denture in the majority of patients with a severely resorb-

ed mandible (Mericske-Stern et al. 1994, Versteegh et al. 1995,

Jemt et al. 1996, Boerrigter et al. 1997, Heydenrijk et al. 1998,

Batenburg et al. 1998). Many different implant systems can be

used successfully for this purpose. Usually, the implants are

inserted in a submerged way and uncovered after an osseointe-

gration period of 3-6 months to connect an abutment. The

rationale for this approach is to minimise the risk of infection,

to prevent apical down growth of mucosal epithelium, and to

avoid early loading (Brånemark et al. 1977). Nevertheless, stu-

dies with regard to implants that have been inserted in a non-

submerged way also have claimed high success rates (Henry &

Rosenberg 1994, Bernard et al. 1995, Astrand et al. 1996, Buser

et al. 1997, Becker et al. 1997, Collaert & De Bruin 1998,), indi-

cating that these complications do not necessarily occur. Most

of these studies concern the ITI dental implant-system

(Straumann AG, Waldenburg, Switzerland) in which the abut-

ment is an integral part of the implant. A major advantage of

the non-submerged procedure is that only one surgical inter-

vention is necessary. Obviously, this is much more convenient

for the patient, which is especially advantageous for elderly and

medically compromised patients. Moreover, there is a consid-

erable cost-benefit advantage.

In contrast to the straight two-stage implants, one-stage

implants (such as the ITI dental system) are cup-shaped to pre-

vent peri-implant mucosal overgrowth. Despite this shape, in

more than 30% of the implants peri-implant hyperplasia occurs

to an extent that necessitates subsequent peri-implant soft tis-

sue correction in the first postoperative month (Buser et al.

1990). The two approaches also differ with respect to the surgi-

cal technique to expose the alveolar process for implant inser-

tion. For implant insertion in a submerged way, a flap is usually

made in the labial mucosa, while one-stage implants are com-

monly inserted after exposure of the alveolar process by way of

a crestal incision. In recent studies, different incision tech-

niques were compared in a two stage surgical procedure

(Casino et al. 1997, Kwakman et al. 1998). In the study of

Casino et al. (1997), no statistically significant differences were

found between the different incision techniques, while in the

study of Kwakman et al. (1998) there was a preference for the

labial mucosa flap. Using this technique, an adequate deepened

vestibule was created and the mentalis muscle pull around the

implants was reduced, resulting in a significantly smaller pocket

depth when compared to other incision techniques.

In a larger study, we are currently evaluating the feasibility of

inserting different implant systems in a one-stage procedure.

As part of this evaluation, a clinical trial was designed in which

different implant systems are compared. To decide which

should be the surgical approach of choice in this trial, the pres-

ent pilot study was conducted. In this article, we describe a

new technique for inserting a two-stage implant system in a

non-submerged way, and report on a comparison of this tech-

nique with the commonly executed crestal incision approach.
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MATERIAL AND METHODS

Patient selection

For this study, 10 consecutive edentulous patients were includ-

ed. All patients had a severely resorbed mandible (Cawood

class V-VI) resulting in reduced stability and insufficient reten-

tion of the lower denture. Patients with a history of radiothera-

py of the head and neck or with a previous history of preprost-

hetic surgery or implantology were excluded.

Treatment methods

All patients were treated with two IMZ implants (Friedrichsfeld

AG, Mannheim, Germany) inserted in the mandibular canine

regions in a non-submerged manner, each about one cm from

the midline. The patients were allocated to one of two groups,

A and B, by simple randomisation. The groups differed with

respect to the surgical approach. In group A (5 patients) a

labial mucosa flap was used. The incision was made approxi-

mately 10 mm from the top of the alveolar process in the vestib-

ular mucosa and the ends extended to the top of the alveolar

process. A split thickness mucosal flap was reflected in which

the periosteum was incised just labial of the crest exposing the

crest and the lingual side of the alveolar ridge. The edge of the

alveolar ridge was flattened with a round bur under copious

irrigation with a sterile saline solution. The implants (4 mm

diameter) were inserted as described previously by Kirsch

(1983). The mucosa flap was then replaced and small incisions

through the keratinized mucosa were made at the site of the

implants. Four millimetre healing abutments were then con-

nected to the implants through these incisions. Finally, the flap

was sutured in the depth of the labial sulcus (Figure 4.1).

In group B (5 patients), an incision was made through the at-

tached mucosa on top of the alveolar ridge. Labially a vertical

incision was made in the midline, after which labial and lingual

mucoperiostal flaps could be raised to expose the surgical

field. The alveolar ridge was flattened with a round bur under

copious irrigation with a sterile saline solution. The implants (4

mm diameter) were inserted as described previously by Kirsch

(1983). After connecting the 4-mm healing abutments, the

wound was primarily closed and sutured (Figure 4.2).

In both groups, postoperative analgesics and 0.2% chlorhexidi-

ne mouthrinses were prescribed. Antibiotics were not pre-

scribed. Patients were not allowed to wear their mandibular

denture during the first two weeks following surgery. After two

weeks, the patients were recalled for removal of the sutures

and adjustment of the lower denture by selective grinding the

implant region. Oral hygiene instructions were provided, as

needed, 2, 6 and 12 weeks after the surgical procedure. Three

months after implant insertion, manufacturing of a new upper

denture and a mandibular overdenture was started. A uniform

prosthetic procedure was followed by one prosthodontist for all

patients. A Dolder bar connecting the implants supported the

overdenture.

Data collection

To evaluate the clinical course following the surgical procedure,

assessments were performed by one observer on three occa-

sions, i.e., two weeks (W2), six weeks (W6) and 12 weeks (W12)

after implant insertion, addressing implant loss, the degree of

peri-implant inflammation, using the modified Löe and Silness 52
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index Löe & Silness 1963), and the mucosa level. Recession

was defined as the distance between the top of the healing

abutment and the marginal border of the peri-implant mucosa.

When the mucosa was above the healing abutment level, a

negative value was recorded. A completely submerged implant

was designated as ‘overgrown’.

The long-term performance of the implants was assessed by

recording the following clinical and radiographic parameters

one year after placement of the prosthesis (T12):

• implant loss

• plaque and bleeding index (score 0 – 3), as described by

Mombelli et al. (1987) 

• the presence (score 1) or absence (score 0) of calculus 

• the modified “gingiva” index as described by Löe & Silness

(1963) 

• pocket probing depth, measured at two sites (mesially and

distally) with a periodontal probe after removal of the bar 

(Merrit B, Hu Friedy, Chicago, U.S.A.). The distance 

between the marginal border of the peri-implant mucosa 

and the tip of the pocket probe was recorded as the pocket

probing depth. 

• recession, defined as the distance between the top of the

titanium connector and the marginal border of the peri-

implant mucosa.

• width of the attached mucosa

• the peri-implant bone level, assessed mesially and distally

by recording the distance from the abutment/implant junc-

tion to the first bone to implant contact on a standardised

intraoral radiograph made using the long-cone technique

with an aiming device developed by Meijer et al. (1992) 53
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Figure 4.1. Intra-oral view of a patient treated with two IMZ implants in a one-
stage procedure by a labial flap approach.

Figure 4.2. Intra-oral view of a patient treated with two IMZ implants in a one-
stage procedure by a crestal incision.



Descriptive statistical techniques were applied. Although the

groups were small, Mann-Whitney U tests with a significance

level of 0.05 to enhance data interpretation were performed.

RESULTS

The age of the patients (4 women, 6 men) at the time of

implantation ranged from 44-79 years (mean 60 years, median

58 years). 

Implant loss

At W2, the right implant in one patient (group B) was over-

grown to an extent that a soft tissue correction was indicated.

The left implant in this patient was uneventful. At W6, the left

implant (length = 15 mm) in the same patient appeared to be

mobile and had to be removed. The soft tissue around the right

implant appeared to be healthy. However, the patient refused

further surgical treatment and a new conventional denture was

made. Both implants in this patient were scored as being lost.

The other 18 implants in this study were functional for at least

12 months.

Recession

At W2, the soft tissue level was 1 to 2 millimetres above the

healing abutment level around three implants in two patients

of group B and around one implant of group A. These patients

were instructed to brush the implants and the peri-implant tis-

sues. Four weeks later at W6, the soft tissue level was beneath

the rim of the healing abutment around all the implants. In

another patient of group B, both implants were overgrown at

W2. A soft tissue correction was performed, which resulted in a

healthy soft tissue at subsequent assessments.

The course of the postsurgical peri-implant soft tissue level,

described as recession, is depicted in Figure 4.3. At first, the

mean recession in group B (crestal incision) appeared to be

greater than in group A (labial flap approach) to level at W6.

After one year of functioning of the overdenture (T12) the mean

peri-implant soft tissue level in group B was 0.8 millimetre 

higher then in group A.
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Figure 4.3. Level of the peri-implant soft tissue (gingiva recession) 

2, 6 and 12 weeks after implant placement and 12 months after insertion of the 

overdenture.
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Other clinical parameters

The gingiva index at W2, W6, and W12 for all implants in both

groups was 0. The clinical parameters scored at T12 are sum-

marised in Tables 4.1, 4.2 and 4.3. None of the pockets in group

A were deeper than 3 millimetre. In group B there were no pock-

ets deeper than 5 millimetre. The mean pocket depth was signi-

ficantly (Mann-Whitney U = 69, p = 0.002) less in group A (2.3

mm, sd = 0.66) compared with group B (3.5 mm, sd = 1.41). The

zone of keratinized mucosa was a little smaller in group A

(mean width of the attached mucosa was 2.8 mm sd = 0.63)

than in group B (mean width was 3.0 mm, sd = 0.93) (Mann-

Whitney U =35, p= 0.8008).The mean level of the first bone-to-

implant contact in group A was 0.9 millimetre (sd =0.85) be-

neath the abutment/fixture junction, and 1.3 millimetre (sd =

0.82) in group B (Mann-Whitney U =73.5, p=0.296). Except for

the pocket probing depth no significant differences between

the two groups were present when considering the clinical and

radiographical parameters.

DISCUSSION

The major advantage of inserting implants in a non-submerged

way is that only one surgical procedure is necessary. When an

additional surgical procedure is required, this advantage is

obviously lost. The same would be true in cases where peri-

implant hyperplasia or soft tissue overgrowth requires secon-

dary surgical correction. Given that this occurs in more than

30% of the implants in the first postoperative month (Buser et

al. 1990), it is by no means a rare occurrence, despite the cup- 55
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shaped one-stage implant design meant to prevent hyperpla-

sia. This implies that other factors may play a role in the devel-

opment of postoperative hyperplasia, such as the incision

design. This is supported by our finding that during the first

postoperative weeks, peri-implant hyperplasia and implant

overgrowth may occur, presumably as a result of swelling, espe-

cially when the fresh soft tissue wounds are located near the

implant, as is the case with the crestal incision. The labial flap

approach, on the other hand, allows the flap to be thinned and

tightly sutured in the labial fold, likely resulting in less swel-

ling. Thus, to prevent the development of gingival hyperplasia

when inserting implants in a one stage surgical procedure, the

labial flap approach is the preferable one. Therefore, we decided

to use this approach in the continuation of our clinical trial. 

Lack of attached keratinized mucosa surrounding implants is

often associated with the development of the peri-implant

hyperplasia as a result of muscle attachment in the direct

approximity to the peri-implant mucosa. Because this kind of

hyperplasia tends to develop after a longer period of time it is

not likely to consider this as a reason for the implant over-

growth in the crestal incision group. Moreover, the width of the

attached mucosa was comparable for both groups.

The crestal incision is probably simpler to use and some will

claim that there is less risk of mental nerve damage. However,

when inserting two implants in the interforaminal region, nerve

damage should be considered an avoidable complication irre-

spective of the incision used (Batenburg et al.1998). Beside the

advantage with regard to less hyperplasia in the first postoper-

ative weeks, the labial flap has additional advantages. It is an

easy way to thin the peri-implant mucosa and a vestibuloplasty

is carried out, resulting in a deeper labial fold that allows for

better stability of the lower denture.

Comparing the two procedures after one year of function (T12),

some marginal differences were observed between the two56
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Table 4.2. Frequency distribution of pocket probing depth per implant site 

(mesial and distal) 12 months after insertion of the overdenture.

                                                 Pocket probing depth

                                                            Group A                           Group B

                  Labial flap                          Crestal

     0-3 mm.                                             20                                       9

     >3 mm.                                                0                                       7

     Lost sites                                            0                                        4

     Total                                                  20                                      20

Table 4.3. Frequency distribution of width of attached mucosa per implant 

12 months after insertion of the overdenture.

                                                 Width of attached mucosa

                                                            Group A                           Group B

                  Labial flap   Crestal

     2 mm.                                                  3                                       3

     3-4 mm.                                               7                                       5

     Lost sites                                            0                                       2

     Total                                                  10                                     10



groups. There was a deeper pocket probing depth in the crestal

incision group. This difference is probably due to the higher

peri-implant soft tissue level in combination with a lower first

implant to bone contact in group B. The smaller pocket depth

in group A is in accordance with the study of Kwakman et al.

(1998).

From this pilot study it can be concluded that both the crestal

incision and the labial flap approach are reliable procedures for

insertion of IMZ implants in a one stage procedure. However,

the size of the groups does not permit firm conclusions.

Therefore differences, although significant, should be interpre-

ted with care because of the low power. Nevertheless, because

of the smaller risk of soft tissue overgrowth and the smaller

pocket probing depth, there is a preference for the labial flap

approach. 
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INTRODUCTION

Many different endosseous implant systems are currently

applied in oral implantology. Most implant systems consist of

two parts, of which the implant proper is submerged during a

first surgical procedure and a transmucosal abutment is con-

nected to the implant during a second surgical procedure. For

this reason, these implant systems are collectively referred to

as ‘two-stage’ dental implant systems. ‘One-stage’ dental

implant systems consist of one part, which is inserted in a non-

submerged way during a single surgical procedure. Well-docu-

mented long-term clinical studies have revealed that both sys-

tem types have highly predictable outcomes (Adell et al. 1990,

Lindquist et al. 1996, Haas et al. 1996, Batenburg et al. 1998,

Buser et al. 1999).

Insertion of one-stage implants has several advantages:

• one surgical intervention is required, which is convenient

for the patients;

• there is a cost-benefit advantage;

• there is a time-benefit, since the prosthetic phase can start

earlier because no wound healing period is involved relat-

ed to a second surgical procedure;

• during the osseointegration period, the implants are

accessible for clinical monitoring.

However, two-stage implants have advantages as well:

• in combination with a bone augmentation procedure or

guided bone regeneration the wound can be closed tightly

to prevent bone or membrane exposure;

• undesirable loading of the implants is prevented during

the osseointegration period when the temporary super-

structure can not be adjusted effectively.

• the coronal part of the implant is located at crestal level,

giving the possibility for a more flexible emergence profile

of the transmucosal part;

• supramucosal and transmucosal parts can be removed

when the patient is not able to perform a sufficient oral

hygiene anymore and possible infections endanger the

general health.

It has been stated that marginal bone loss is more extended

around two-stage implants than around one-stage implants

(Buser et al. 1999). The microgap between the implant and the

abutment at the crestal level has been suggested to play a pro-

minent role in the development of this bone loss (Hermann et

al. 1997). Possibly, the microflora colonising the microgap or

their products is responsible for the occurrence of this bone

loss (Lindhe et al. 1992, Quirynen et al. 1993, Ericsson et al.

1995, Persson et al. 1996). The adverse effect of the microgap

could also have an influence on the healing of the peri-implant

mucosa during the osseointegration period.

In several recent studies, applying two-stage implants in a

single surgical procedure has been reported to be promising in

human beings (Bernard et al. 1995, Ericsson et al. 1994, 1997,

Becker et al. 1997, Collaert & de Bruin 1998, Røynesdal et al.

1999). In this way the advantages of both system types are

combined. Moreover, there are two additional advantages: the

surgeon only needs to have a two-stage implant system in

stock for executing both submerged and non-submerged proce-

dures, and there is the possibility to switch from a non-sub-

merged procedure to a submerged procedure if this appears to

be preferable per-operatively or during the osseointegration 63
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period. However, in none of these studies clinical parameters

were scored during the osseointegration period.

Comparison of implant insertion procedures is only possible in

a clinical trial (Antczak-Bouckoms & Chalmers 1988, Barmes

1990). In the study of Collaert & de Bruin (1998) both surgical

procedures were present, but no randomisation took place. The

choice which procedure would be applied was influenced by

anatomical and medical conditions. Ericsson et al. (1994, 1997)

used a split-mouth design in eleven patients. On one side of

the edentulous mandible a two-stage approach and on the

other side a one-stage approach was applied. Clinical parame-

ters were collected for the first time twelve months after inser-

tion of the implants. No clinical trials have been published

comparing the peri-implant soft tissue healing of one-stage

implants with two-stage implants, which are inserted in a sin-

gle-stage, non-submerged, procedure. The aim of the present

clinical trial was to compare peri-implant clinical parameters

following the insertion of non-submerged two-stage implants

and one-stage implants during the osseointegration period.

MATERIALS AND METHODS

Patient selection

Forty edentulous patients, 25 women and 15 men with a mean

age of 58 ± 10 years, referred to the Department of Oral and

Maxillofacial Surgery and Maxillofacial Prosthetics of the

University Hospital Groningen, were selected on the basis of

the following inclusion criteria:

• the presence of a severely resorbed mandible (class V-VI,

Cawood & Howell 1988) with reduced stability and insuffi-

cient retention of the lower denture

• an edentulous period of at least two years

• no history of radiotherapy in the head and neck region

• no history of pre-prosthetic surgery or previously inserted

oral implants

The patients were informed about the two different treatment

options and written informed consent was obtained from all

participants. They were randomly assigned to a group receiving

ITI implants (one-stage 4.1 mm solid screw ITI dental implants

with a TPS coating, Straumann AG, Waldenburg, Switzerland),

or to a group receiving IMZ implants (two-stage 4 mm IMZ

cylinder implants with a TPS coating, Friedrichsfeld AG,

Mannheim, Germany). Twenty patients were included in each

group.

Treatment procedures

All patients received two implants in the canine region of the

mandible. The implants were inserted under local anaesthesia,

each about one centimetre from to the midline. Implants were

inserted by an experienced maxillofacial surgeon according to a

strict surgical protocol. The surgical procedure used for the ITI

implants has been previously described (Sutter et al. 1988). The

IMZ implants were inserted as described by Kirsch (1983) but

with the modification for a single-stage implantation procedure

using a labial mucosa flap and the immediate placement of

healing abutments (Heydenrijk et al. 2000). In none of the

patients, palatal mucosa grafts were placed. Post-operatively,

analgesics and chlorhexidin 0.2% mouth rinse were prescribed

for 14 days. Systemic or local antibiotics were not prescribed.64
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Patients were not allowed to wear the mandibular denture

during the first two post-operative weeks.

At the first recall visit, two weeks after insertion of the

implants, sutures were removed and the lower denture was

adjusted by selective grinding at the implant location and 

relining with Coe-soft (Coe laboratories, Inc. Chicago, Ill). After

twelve weeks the manufacturing of a new maxillary denture and

a mandibular overdenture was initiated. A uniform prosthetic

procedure was performed for all patients by one experienced

prosthodontist. In the IMZ group, the healing abutments were

replaced by 5 mm high titanium connectors. An egg-shaped

Dolder bar with clip attachment supported all overdentures. A

balanced occlusion and monoplane articulation concept with

porcelain teeth was used.  At all recall visits, patients received

oral hygiene instructions.

Data collection

Data collection was performed four times (H2 = two weeks after

insertion of the implants, H6 = six weeks after insertion of the

implants, H12 = twelve weeks after insertion of the implants

and H18 = eighteen weeks after insertion of the implants). One

investigator performed the measurements on all patients to cir-

cumvent inter-observer differences.

Clinical analysis

Loss of implants was scored after removal of a loose implant

any time after placement. Complications like an ‘overgrown’

implant or abutment with subsequent gingivectomy or loss of a

healing abutment or covering screw of the implant was scored.

To qualify the degree of peri-implant inflammation, the modi-

fied Löe and Sillnes ‘gingiva’ index was used (Löe & Silness

1963) (score 0: normal peri-implant mucosa, score 1: mild 

inflammation; slight change in colour, slight oedema, score 2:

moderate inflammation; redness, oedema and glazing, score 3:

severe inflammation; marked redness and oedema, ulceration).

Recession was defined as the distance between the top of the

abutment (IMZ implant) or the top of the implant (ITI implant)

and the marginal border of the peri-implant mucosa. If the

mucosa was above the healing abutment level, a negative value

was recorded. Probing pocket depths and bleeding index were

only scored at H18. The bleeding score according to Mombelli

et al. (1987) was used (score 0: no bleeding after probing, score

1: isolated bleeding spots visible, score 2: a confluent red line

of blood along the mucosal margin, score 3: heavy or profuse

bleeding). The depth of the peri-implant ‘sulcus’ was measured

mesially and distally of each implant to the nearest millimetre

by using a periodontal probe (Merrit B, Hu Friedy, Chicago,

U.S.A.) after removal of the bar (Quirynen et al. 1991). The dis-

tance between the marginal border of the gingiva and the tip of

the pocket probe was scored as the probing pocket depth. The

deepest pocket per implant was used for data-analysis.

Data analysis

Differences between the two groups were analysed by applying

Student’s t-test for independent variables. Within-group differ-

ences between occasions were analysed with paired t-tests. 

For all tests, a significance level of 0.05 was chosen.

65

Chapter 5 / Mucosal aspects during the osseointegration period of implants inserted in a one-stage procedure



RESULTS

All patients were present at the subsequent evaluation periods

and no implants were lost. Thus, all 40 implants in both groups

could be included in the analysis. Figures 5.1 and 5.2 show

intra-oral views of patients treated with either 2 IMZ implants

or 2 ITI implants in a one-stage procedure 6 weeks after

implant insertion.

The mean scores on the indices for gingiva and bleeding were

very low in both groups. No significant difference between the

two groups was present with regard to the ‘gingiva’ score at all

evaluation occasions. The bleeding score and pocket probing

depth were significantly higher in the IMZ group at the 18-

weeks’ evaluation occasion (Table 5.1). Comparison of gingiva

score and recession between the evaluation occasions is made

in Table 5.2. The ‘gingiva’ score tended to decrease significantly

and the recession increased significantly in both groups. One

ITI implant was overgrown with mucosa, and had to be exposed

in an extra surgical procedure. A high number of healing abut-

ments loosened in the IMZ group and had to be retightened

(Table 5.3).
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Figure 5.1. Intra-oral view of a patient treated with 2 IMZ implants in a one-
stage procedure 6 weeks after implant insertion. 

Figure 5.2. Intra-oral view of a patient treated with 2 ITI implants 6 weeks after
implant insertion. 



DISCUSSION

In both groups, the indices for ‘gingiva, and bleeding were very

small. The scores are comparable with those reported by pre-

vious studies using the same criteria (Geertman et al. (1996),

Heydenrijk et al. (1998) and Meijer et al. (1999)). Apparently,

the tight oral hygiene regime to which patients in these studies

were subjected provides healthy peri-implant tissues. The

results in Table 5.1 indicate that the ‘gingiva’ scores in the IMZ

group and in the ITI group did not differ significantly through-

out the osseointegration period. Higher bleeding scores and

deeper probing pocket depths were seen in the IMZ group. The

higher bleeding scores cannot be attributed entirely to inflam-

mation, because the ultimate clinical index for inflammation,

the ‘gingiva’ score, did not show a significant difference

between the groups. Possibly, the combination of damage of 67
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IMZ group
(n = 40 implants) 

ITI group
(n = 40 implants) 

Significance 

 H2 Mean gingiva score (sd) 0.3 (0.6) 0.4 (0.7) Not sign. 

H6 Mean gingiva score (sd) 0.2 (0.5) 0.1 (0.2) Not sign.  

H12 Mean gingiva score (sd) 0.1 (0.2) 0.1 (0.2) Not sign. 

H18 Mean gingiva score (sd) 0.2 (0.5) 0.1 (0.3) Not sign. 

 Mean bleeding score (sd) 0.4  (0.7) 0.1 (0.2) Sign. 

Mean probing depth in mm (sd) 3.6 (1.6) 2.4 (0.9) Sign.  

H2 H6 H12 Significance 

 IMZ group

(n = 40 

Mean gingiva score (sd) 0.3 (0.6) 0.2 (0.5) 0.1 (0.2) 
Sign.

H2 > H12 

  Mean recession  (sd)
(in mm) 

0.5 (1.3) 1.0 (1.1) 1.4 (1.0) 
Sign.

H2,H6 < H12 

 ITI group

(n = 40 

implants) 

Mean gingiva score (sd) 0.4 (0.7) 0.1 (0.2) 0.1 (0.2) Sign.
H2 > H6,H12 

  Mean recession  (sd)

(in mm) -0.5 (1.0) -0.1 (0.9) 0.0 (0.8) 
Sign.

H2 < H6, H12  

implants) 

Table 5.1. Mean values and standard deviations of gingiva-index, bleeding-index and probing depth at H2
(evaluation 2 weeks after insertion of the implants), H6 (evaluation 6 weeks after insertion), H12 (evaluation
12 weeks after insertion) and H18 (evaluation 18 weeks after insertion of the implants) and the significance
of the differences between the IMZ and the ITI group.

Table 5.2. Mean values and standard deviations of gingiva-index and recession of the IMZ group and the
ITI group at H2 (evaluation 2 weeks after insertion of the implants), H6 (evaluation 6 weeks after insertion)
and H12 (evaluation 12 weeks after insertion) and the significance of the differences between the evalu-
ation periods.

Table 5.3. Number of complications during the evaluation period of the IMZ
group and the ITI group.

IMZ group
(n = 40 implants) 

ITI group
(n = 40 implants) 

 Implant loss 

 Refastening healing
abutment/covering screw

Replacement healing
abutment/covering screw

Peri-implant mucosa
correction

      0        0

    12        1

      5        0

      0        1



the soft tissue at the bottom of the sulcus by the probe, exag-

gerated by a possibly higher inflammation rate at the bottom

because of the presence of bacteria in the microgap, has caused

this higher bleeding score in the IMZ group. Comparing the two

systems with regard to probing depth is questionable. The

implant systems have a different emergence profile. Especially

the more difficult access of the sulcus around the ITI implant,

together with the overall painfulness of measuring the sulcus

depth, makes it almost impossible to reach the bottom of the

sulcus with the tip of the probe. Analysis of microbiota in sulci

with and without a microgap at crestal level should be a sub-

ject of further investigation to get more insight in the phenom-

enon of this higher bleeding score.

Table 5.2 shows the gingiva-index and the recession at different

evaluation occasions. Parameters measured at the 18-week

evaluation were not included in this analysis because abut-

ments were changed and a bar superstructure was placed

between twelve weeks and eighteen weeks. This could have a

short-term effect on the peri-implant tissues. The ‘gingiva’

score significantly reduced in both groups during the evalu-

ation period. Obviously, healing has taken place during this

period, which can also be seen from the significant larger

recession (due to reduction of thickness of the peri-implant

mucosa). Healing appears to occur more rapid in the ITI group.

In this group, a significant difference was already present

between two and six weeks, while a significant difference in the

IMZ group occurred between two weeks and twelve weeks. 

This could be another sign of the influence of the microgap

prolonging healing, although the difference could also be

explained by differences in emergence profile. Again, analysis

of microbiota should enlighten this phenomenon. Comparison

of the recession data with the literature is only possible with

the results of Small & Tarnow (2000). These authors investigated

recession during the osseointegration period following implant

and abutment surgery, although they did not compare one-

stage with two-stage implant systems and also used different

types of restorations. They reported an increase of recession of

approximately 0.7 mm from one week to three months after

surgery. In our study, recession increased 0.9 mm in the IMZ

group and 0.5 mm in the ITI group from two weeks to twelve

weeks. These data are well in accordance with those of Small

and Tarnow (2000). 

None of the implants were lost during the osseointegration

period and all implants were stable at the start of functional

loading. Comparable studies have also reported a 100% surviv-

al rate at the end of the osseointegration period (Bernard et al.

(1995), Ericsson et al. (1994, 1997). However, Collaert  & de

Bruin (1998) have reported 97.6% and Røynesdal et al. (1999)

showed a low survival rate of 88.1% compared with the litera-

ture and our study. In the present study a high number of

healing abutments loosened in the IMZ group and had to

retightened (Table 5.3). Missing abutments often require an

extra surgical procedure because the mucosa closes within a

few hours after abutment loss. This would discard the major

advantage of inserting implants in a one-stage procedure.

Abutments that are loose but still in place probably cause 

irritation and inflammation. The difference in complications

with abutments between the two groups could have caused the

difference in the healing time. Becker et al. (1997) also mentioned

abutment loosening during the osseointegration period, 68
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although this happened only in one out of 63 patients. Since

they used the Brånemark implant system, the complication

could be system specific. The manufacturer should pay attention

to this problem with seating of the healing abutment.

From this study it can be concluded that the peri-implant

mucosal aspects during the osseointegration period of two-

stage implants inserted in a one-stage procedure may be as

predictable as one-stage implants.
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INTRODUCTION

Many different endosseous implant systems are currently used

in oral implantology. Most implant systems consist of two

parts, i.e., the implant which is submerged during a first surgi-

cal procedure, and the transmucosal abutment which is con-

nected to the implant during a second surgical procedure. For

this reason, these implant systems are collectively referred to

as ‘two-stage’ systems. ‘One-stage’ implant systems consist of

one part, which is inserted during a single surgical procedure.

Well-documented long-term clinical studies have revealed that

both system types have highly predictable outcomes (Adell et

al. 1990, Lindquist et al.  1996, Haas et al. 1996, Heydenrijk et

al. 1998, Buser et al. 1999).

Insertion of implants in one stage has several advantages

(Buser et al. 1999):

• only one surgical intervention is required, which is much

more convenient for the patient, especially for the medi-

cally compromised patient;

• there is a cost-benefit advantage;

• there is a time-benefit since the prosthetic phase can start

earlier because there is no wound healing period involved

related to a second surgical procedure;

• during the osseointegration period, the implants are

accessible for clinical monitoring.

However, one-stage implants are preferably not being inserted

(Røynesdal et al. 1999):

• in combination with an augmentation procedure or guided

bone regeneration when the wound has to be closed tight-

ly to prevent infection and bone or membrane exposure;

• if the integrated abutment interferes with a functional or

esthetical design of the suprastructure;

• to prevent undesirable loading of the implants during the

osseointegration period when the temporary suprastruc-

ture can not be adjusted effectively.

In several recent studies, applying two-stage implants in a

single surgical procedure has been reported to be promising

(Bernard et al. 1995, Ericsson et al. 1994, 1996, 1997, Becker et

al. 1997, Collaert & De Bruin 1998, Abrahamsson et al. 1999,

Røynesdal et al. 1999, Fiorellini et al. 1999). The reported clini-

cal and radiological outcomes suggest that the frequently cited

rationale for using a two-stage approach, i.e. to minimise the

risk of infection and to prevent apical down growth of mucosal

epithelium, is at least questionable. 

It has been proposed that marginal bone loss is more extended

around two-stage implants as compared with one-stage

implants (Buser et al. 1999). The microgap between the implant

and the abutment at the crestal level has been suggested to

play a prominent role in the development of this bone loss

(Hermann et al. 1997). However, when measured on standard-

ised intra-oral radiographs, marginal bone loss has been obser-

ved around one-stage ITI implants as well (Weber et al. 1992,

Batenburg et al. 1998). In animal studies, comparable marginal

bone levels were found around one-stage and two-stage

implant systems (Abrahamsson et al. 1996 and Fiorellini et al.

1999). Thus, the suggestion that the microgap is entirely

responsible for marginal bone loss is questionable.

It has been suggested that bacterial infection can result in peri-

implant bone loss or loss of implants (Rosenberg et al. 1991,

Leonhardt et al. 1999, van Winkelhoff & Wolf 2000). Possibly, 75
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the microflora colonising the microgap or their products is

responsible for the occurrence of this bone loss (Lindhe et al.

1992, Quirynen et al. 1993, Ericsson et al. 1995, Persson et al.

1996). Putative periodontal pathogens have been implicated in

the onset and progression of peri-implantitis (Ellen 1998).

However, it remains unclear whether these pathogens constitu-

te a risk factor for the maintenance of dental implants (Danser

et al. 1997). Nevertheless, periodontal pathogens such as P.

gingivalis and Actinobacillus actinomycetemcomitans can cause peri-

implant infections, especially in partially edentulous patients

with a history of periodontitis (van Winkelhoff et al. 2000, van

Winkelhoff & Wolf 2000). The prevalence of peri-implant infec-

tion in patients carrying these pathogens is, however, unknown. 

No studies have been published comparing a one-stage

implant system with two-stage implants inserted in a single-

stage procedure. The aim of the present study was to compare

peri-implant radiographic bone loss, clinical parameters and

microbial colonisation following the insertion of non-submer-

ged two-stage implants and one-stage implants in order to

explore the feasibility of inserting two-stage implants in a non-

submerged procedure. Moreover, the impact of the microgap

and of the colonisation of the peri-implant area by putative

periodontal pathogens was evaluated.

MATERIALS AND METHODS

Patient selection

Forty edentulous patients, 25 women and 15 men with a mean

age of 58 ± 10 years, referred to the Department of Oral and

Maxillofacial Surgery and Maxillofacial Prosthetics of the

University Hospital Groningen, were selected on the basis of

the following inclusion criteria:

• the presence of a severely resorbed mandible (class V-VI,

Cawood & Howell 1988) with reduced stability and insuffi-

cient retention of the lower denture

• an edentulous period of at least two years

• no history of radiotherapy in the head and neck region

• no history of pre-prosthetic surgery or previously inserted

oral implants

The patients were informed about the two different treatment

options and written informed consent was obtained from all

participants. They were randomly assigned to a group receiving

ITI implants (one-stage 4.1 mm solid screw ITI dental implants

with a TPS coating, Straumann AG, Waldenburg, Switzerland),

or to a group receiving IMZ implants (two-stage 4 mm IMZ

cylinder implants with a TPS coating, Friedrichsfeld AG,

Mannheim, Germany). Twenty patients were included in each

group.

Treatment procedures

All patients received two implants in the canine region of the

mandible. The implants were inserted under local anaesthesia,

each about one centimetre from to the midline. Implants were

inserted by an experienced maxillofacial surgeon, according to

a strict surgical protocol. The surgical procedure used for the

ITI-implants has been previously described (Sutter et al. 1988).

The IMZ-implants were inserted as described by Kirsch (1983)

but with the modification for a single-stage implantation pro-

cedure using a labial mucosa flap and connecting healing abut-76
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ments as described previously (Heydenrijk et al. 2000). In none

of the patients, palatal mucosa grafts were placed. Post-opera-

tively, analgesics and chlorhexidin 0.2% mouth rinse were pre-

scribed for 14 days. Systemic or local antibiotics were not pre-

scribed. Patients were not allowed to wear the mandibular den-

ture during the first two post-operative weeks.

Two, six and twelve weeks after the surgical procedure the

patients were recalled. At the first recall visit, sutures were

removed and the lower denture was adjusted by selective grin-

ding at the implant location and relining with Coe-soft (Coe

laboratories, Inc. Chicago, U.S.A.). At all recall visits, patients

received oral hygiene instructions.

Three months after implant insertion, the manufacturing of a

new maxillary denture and a mandibular overdenture was ini-

tiated. A uniform prosthetic procedure (Batenburg et al.1993)

was performed for all patients by one experienced prosthodon-

tist. In the IMZ group, the healing abutments were replaced by

5 mm high titanium connectors. A Dolder bar with subsequent

clip attachment supported the overdentures. A balanced occlu-

sion and monoplane articulation concept with porcelain teeth

was used.

OUTCOME MEASURES

Data collection was performed three times during the first year

(T0 = baseline assessment four weeks after insertion of the new

prosthesis; T6 = 6 months after T0; T12 = 12 months after T0).

Clinical outcome measures

The Mombelli index (score 0 – 3) was used to quantify the

amount of plaque retained at four sites of the surface of the

supra-gingival part of the implant (Mombelli et al. 1987). The

highest value per implant was used for data-analysis. The pre-

sence (score 1) or absence (score 0) of calculus per implant

was also recorded.

The degree of peri-implant inflammation was quantified by the

gingiva score, i.e., the modified Löe and Silness index  (Löe &

Silness 1963), yielding a 0 – 3 score at each of four sites of the

implants. The highest score obtained per implant was used for

data-analysis. In addition, the bleeding score according to

Mühlemann & Son (1971) modified by Mombelli (1987) was

scored per implant (score 0-3).

The depth of the peri-implant ‘sulcus’ was measured mesially

and distally of each implant to the nearest millimetre by using

a periodontal probe (Merrit B, Hu Friedy, Chicago, U.S.A.) after

removal of the bar (Quirynen et al. 1991). The distance between

the marginal border of the gingiva and the tip of the pocket

probe was scored as the probing pocket depth. The deepest

pocket per implant was used for data-analysis.

The Periotest® device (Siemens, Bensheim, Germany) was

used to quantify implant mobility (Teerlinck et al. 1991). Mobile

implants were regarded as being lost and were removed.

Radiographic outcome

Standardised intra-oral radiographs were made using the long

cone technique with an aiming device (Meijer et al. 1992). The

distance from a fixed reference point on the implants to the

first bone-to-implant contact was measured with a digital calli- 77

Chapter 6 / Two-stage IMZ implants and ITI implants inserted in a one-stage procedure; a prospective compatative study



per (Digitcal SI, Tesa SA, Renens, Switzerland) (Meijer et al.

1993). The measurements were made at the two approximal

implant sites. The site showing most bone loss was used for

data analysis. In the ITI group the neck of the implant and in

the IMZ group the implant/connector interface was used as the

reference point. From a previous study, addressing intra and

inter-observer agreement of measurement of the level of bone,

it was concluded that the reproducibility is more consistent if

one experienced observer performs the measurements twice

rather than two observers performing the measurements once

(Batenburg et al. 1998a). Therefore, the measurements were

performed twice by the same observer with a two weeks time

interval and averaged.

Microbiological sampling

Microbiological samples were obtained 12 months after func-

tional loading of the implant (T12). Patients who had taken

antibiotics during the previous three months were recalled for

sampling 3 months later. Prior to probing pocket depth meas-

urements, supragingival plaque and calculus was carefully

removed with sterile Teflon curettes and cotton pellets after

which the sample site was isolated with cotton rolls and gently

air-dried. Sterile paper points (Fine, UDM, West Palm Beach,

USA) were inserted in the peri-implant sulcus and left in place

for 10 seconds. Per implant the approximal sites were sampled

twice. Per patient the paper points were collected in 4 separate

vials containing 1.8 ml reduced transport fluid (RTF, Syed &

Loesche 1972). The presence and proportions of A. actinomyce-

temcomitans, P. gingivalis, 

P. intermedia, Bacteroides forsythus, Peptostreptococcus micros,

Fusobacterium nucleatum and Campylobacter rectus were assessed.

Samples were processed in the laboratory within six hours. Ten-

fold serial dilutions of all samples were prepared in RTF.

Aliquots of 0.1 ml were inoculated on 5% horse blood agar plates

(Oxoid no. 2, Basingstoke, UK) with haemin (5 mg/l) and menad-

ione (1 mg/l) for isolation and growth of obligately anaerobic

bacteria, and on TSBV plates for selective isolation and growth

of A. actinomycetemcomitans (Slots 1982). Blood agar plates were

incubated anaerobically in 80% N2, 10% H2 and 10% CO2 for up

to 14 days. TSBV plates were incubated in air with 5% CO2 for

five days (van Steenbergen et al. 1986). Blood agar plates were

used for determination of the total number of colony forming

units, the presence of dark-pigmented colonies, B. forsythus, F.

nucleatum and P. micros. Representative dark-pigmented colonies

were purified and identified using standard techniques (van

Winkelhoff et al.1985), including Gram-stain, fermentation of

glucose, production of indole from tryptophan and production

of specific enzymes (van Winkelhoff et al. 1986). B. forsythus was

identified on the basis of the typical colony morphology, Gram-

staining and production of trypsin-like enzyme (Braham &

Moncla 1992). F. nucleatum and P. micros were identified on the

basis of colony morphology, Gram-stain and production of 

specific enzymes (API 32A, Biomerieux, La Balme, Les Grottes,

France). 

Data analysis

Qualitative data and quantitative data were analysed after cate-

gorisation using chi-square tests to assess differences in distri-

bution between the two groups regarding clinical, radiographic

and microbiological parameters. Differences between quantita-78
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tive variables were tested with the (paired) t-test if the popula-

tion was normally distributed and with Wilcoxon’s ranked sign

test (paired data) or Mann-Whitney’s test (independent data) if

the criteria for using parametric tests were not fulfilled. The

course of clinical and radiographic parameters within the

groups during the evaluation period was evaluated with

Friedman’s test for more than two related samples. For all uni-

variate tests, a significance level of 0.05 was chosen.

The strength of possible associations between clinical and

radiographic parameters on one hand and the presence of tar-

get microorganisms on the other were assessed with

Spearman’s rank correlation coefficient. A multiple stepwise

regression analyses was performed to assess the joint contribu-

tion of the peri-implant mucosal condition (gingiva score, 

plaque score, pocket probing depth, bleeding score) and micro-

biological findings to the bone loss between T0 and T12.

RESULTS

Loss of implants

At T0, one IMZ implant showed probing pockets depths of 12

mm and there were signs of inflammation (gingiva score 2) al-

though the Periotest value was –3 and the implant did not

show signs of mobility. Radiographic examination revealed a

mesial bone defect of 10 mm and a distal bone defect of 3 mm.

The implant was left in place, but at T6 it had to be removed

because of mobility. Three weeks after removal, two new

implants, one mesially and one distally of the former implant

location, were successfully inserted.

Peri-implant parameters

The plaque scores in the ITI group were significantly higher

than those in the IMZ group at T6 and T12 (chi-square test,

p=0.05 and p=0.006, respectively, Figure 6.1). With regard to

gingiva scores and the presence of calculus, no differences in

distribution between the two groups were found (chi-square

tests, p>0.05, Figures 6.2 and 6.3). The bleeding score in the

IMZ group was significantly higher than in the ITI group at T0

(chi-square test, p=0.05, Figure 6.4).

In the IMZ group there was a significant reduction in the plaque

score in the course of the observation period (Friedman test,

p=0.04, Figure 6.1). In the ITI group there was a significant

increase in the bleeding score (Friedman test, p=0.05, Figure

6.4). With regard to gingiva and calculus scores no significant 79
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Figure 6.1. Frequency distribution of the plaque scores at the baseline exami-
nation (T0) and 6 (T6) and 12 months (T12) after insertion of the overdenture.
Score 0: no plaque, score 1: plaque detected by running a probe across the
implant, score 2: plaque can be seen by the naked eye, score 3: abundance of
plaque.



changes were found in the two groups during the observation

period (Friedman test, p>0.05, Figures 6.2 and 6.3). The differ-

ence between the probing pocket depths in the IMZ group and

in the ITI group was significant at T0 (IMZ: mean 3.6 mm,

median 3.0 mm, range 2-12; ITI: mean 2.4 mm, median 2.0 mm,

range 1-5; Mann Whitney U = 334, P < 0.05) as well as at T12

(IMZ: mean 3.3 mm, median = 3 mm, range 1-5; ITI: mean = 2.9

mm, median = 3 mm, range 1-5; Mann Whitney U = 582, P =

0.02). At T12, the IMZ group showed significantly more implant

sites with pockets ≥ 4 mm compared to the ITI group (chi-

square test, p=0.04, Table 6.1). In the ITI group, there was a sig-

nificant increase in probing pocket depth during the observa-

tion period (Friedman test, p=0.007). The periotest values were

identical for both groups and ranged from –4.8 at T0 to –5.1 at80
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Figure 6.3. Frequency distribution of the calculus scores at the baseline exami-
nation (T0) and 6 (T6) and 12 months (T12) after insertion of the overdenture.
Score 0: no calculus, score 1: presence of calculus.

Figure 6.4. Frequency distribution of the bleeding scores at the baseline exam-
ination (T0) and 6 (T6) and 12 months (T12) after insertion of the overdenture.
Score 0: no bleeding after probing, score 1: isolated bleeding spots, score 2: 
confluent line of blood, score 3: heavy or profuse bleeding.

Figure 6.2. Frequency distribution of the gingiva scores at the baseline exami-
nation (T0) and 6 (T6) and 12 months (T12) after insertion of the overdenture.
Score 0: normal peri-implant mucosa, score 1: mild inflammation, score 2:
moderate inflammation, score 3: severe inflammation.



T12. Figures 6.5 and 6.6 show intra-oral views of a patients 

treated with either 2 IMZ implants or 2 ITI implants after one

year of functioning of the prosthesis.

Radiographic parameters

In two patients (one in the IMZ group and one in the ITI group)

no standardised radiographs could be made of both implants,

because the Dolderbar was placed labially to the implants to

prevent interference with the floor of the mouth. Therefore, the

radiographic observations of 38 IMZ and 38 ITI implants could

be analysed. The mean amount of bone loss between T0 and

T12 was 0.6 mm in both groups (ITI: SD=0.8; IMZ: SD=0.9). A

multiple regression analysis did not yield a model relating clin-

ical parameters and target microorganisms with the amount of

bone loss between T0 and T12. Figures 6.7 – 6.10 show stan-

dardised intra-oral radiographs of both implant type with and

without crestal bone loss after one year of functioning of the

prosthesis.

Microbiological parameters

Three patients had taken antibiotics during the previous three

months for different medical purposes. They were recalled for 81
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Aa Pg Pi Pm Bf Fn Cr   

IMZ     ITI IMZ     ITI IMZ      ITI IMZ     ITI IMZ     ITI IMZ     ITI IMZ     ITI IMZ     ITI  

All implants                  39 40 0 0 1 3 3 12 8 8 0 5 30 32 3 2

Gingiva score ≥ 1 2 3 0 0 0 0 0 2 1 3 0 1 2 3 0 0

Plaque score ≥ 1 3 9 0 0 0 3 1 5 0 5 0 3 3 9 0 1

Bleeding score ≥ 1 15 12 0 0 0 1 2 6 3 5 0 4 11 12 0 2

Pockets ≥ 4 mm 11 4 0 0 0 1 1 1 1 3 0 1 8 4 0 0

No bone loss 11 4 0 0 0 0 1 2 3 1 0 1 10 6 0 1

Bone loss ≤ 1 mm 14 25 0 0 0 3 2 8 4 4 0 4 13 18 1 1

Bone loss > 1 mm 12 9 0 0 1 0 0 2 1 3 0 0 7 8 2 0

Table 6.1. Results at T12. Number of implants with a gingiva score, plaque score, or a bleeding score ≥ 1 or a probing pocket depth ≥ 4 mm or with different amounts
of bone loss between T0 and T12, colonised with the target organisms. Aa: A. actinomycetemcomitans, Pg: P. gingivalis, Pi: P. intermedia, Pm: P. micros, Bf: B. forsythus, Fn: F.
nucleatum, Cr: C. rectus. *Associations between clinical parameters and the target organisms are marked with an asterisk. **In two patients no standardised radiographs
could be made of both implants and one implant was lost. Therefore, the radiographic results were described of 37 IMZ and 38 ITI implants.

*

* *

* * * *

*

** **



sampling 3 months later. The mean number of colony forming

units was 3.6 ·105 (SD=6.9 ·105) in the IMZ group and 16 ·105

(SD=47 ·105) in the ITI group, which was not significant differ-

ent. P. intermedia was found significantly more often around ITI

implants than around IMZ implants (X2 = 6.4, p=0.01, Table

6.1). B. forsythus was found at ITI sites only. A. actinomycetemcomitans

was not found at any of the implant sites.

In the ITI group, several associations (Spearman’s rho < 0.6 in

all cases) between the clinical parameters and the presence of

target microorganisms could be established (Table 6.1). These

associations were not found in the IMZ group. 

No bone loss between T0 and T12 was seen in 11 IMZ implants

and 4 ITI implants. Bone loss was observed in 26 IMZ implants

and in 34 ITI implants. These implants were divided into 2 sub-

groups, i.e., those with sites showing £ 1 mm bone loss and

with sites with > 1 mm bone loss. No association could be

demonstrated between the amount of bone loss and the pres-

ence of any of the target microorganisms (Table 6.1).

One IMZ implant site harboured P. gingivalis and showed bone

loss of 1.6 mm between T0 and T12. Both ITI implants in one

patient harboured P. gingivalis and these sites showed bone loss

between T0 and T12 of 0.2 and 0.5 mm, respectively. Another ITI

implant site harbouring P. gingivalis showed bone loss of 0.4 mm.

82
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Figure 6.5. Intra-oral view of a patient treated with 2 IMZ implants after one
year of functioning of the prosthesis

Figure 6.6. Intra-oral view of a patient treated with 2 ITI implants after one
year of functioning of the prosthesis
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Figure 6.7. Radiographic view of an IMZ implant without bone loss after 1 year
of functioning of the prosthesis.

Figure 6.8. Radiographic view of an IMZ implant with bone loss after 1 year of
functioning of the prosthesis.

Figure 6.9. Radiographic view of an ITI implant without bone loss after 1 year
of functioning of the prosthesis.

Figure 6.10. Radiographic view of an ITI implant with bone loss after 1 year of
functioning of the prosthesis.



DISCUSSION

This prospective randomised study is the first in which clinical,

radiographic and microbiological results of two-stage non-sub-

merged implants and one-stage implants are compared.

Between-group differences primarily relate to microbiological

issues. Only minor clinical differences and no important radio-

graphic differences between the two groups were found in this

study, suggesting that a two-stage implant system can be safely

used for implant insertion in a non-submerged procedure.

At the one-year evaluation (T12), 79 implants were successfully

functioning. One IMZ implant had to be removed after six

months of functioning. Because this implant already showed a

poor periodontal condition at the beginning of the study with-

out being mobile, it is likely that only partial osseointegation

insufficient to withstand the forces of the overdenture in func-

tion had occurred. Two new implants at a mesial and distal

location of the old implant bed resulted in successful 

re-implants.

The clinical results are more or less comparable with the results

in studies evaluating one-stage or two-stage implant systems

(Cox & Zarb 1987, Batenburg et al. 1998b, Mericske-Stern et al.

1994, Heydenrijk et al. 1998). In the IMZ group significantly

more implants showed pockets ≥ 4 mm than in the ITI group.

This difference might be attributed to the shape of the ITI

implants, which can hamper easy insertion of the pocket probe

(Spiekermann et al. 1995). The slight increase in average pro-

bing pocket depth in the ITI group is in agreement with the

observations of Wismeyer et al. (1999).

Reproducible radiographs of sufficient quality are necessary in a

longitudinal trial to accurately detect the first bone to implant

contact. The intra-oral radiographs used in the present study

have been shown to satisfy this criterion (Batenburg et al.

1998a). The landmarks necessary for the evaluation were easy to

identify. A major drawback of this technique is that the first

radiograph can be obtained no sooner than after placement of

the bar, which was at least five months after implant insertion.

However, crestal bone loss around non-submerged implants has

been shown to occur mainly within the first months after

implant insertion (Pham et al. 1994, Hermann et al. 1997).

Because no standardised intra-oral radiographs could be made

immediately after implant insertion, no information was availa-

ble considering the initial bone level. The mean bone loss of 0.6

mm between T0 and T12 found in the ITI group of the present

study was comparable with the results of other studies (Weber

et al. 1992, Åstrand et al. 1996, Brägger et al. 1998, Batenburg et

al. 1998b, Wismeijer et al. 1999). Two-stage implant systems

show an average peri-implant bone loss in the first year ranging

from 0.9 to 1.6 mm (Brägger et al. 1998). In the present study, a

mean peri-implant bone loss of 0.6 mm was noticed in the IMZ

group, suggesting that these implants are doing considerably

well. However, implant sites with bone loss exceeding 1.0 mm

between T0 and T12 were observed in both groups. Because this

is substantially more than the average in our study, these

implants are possibly at risk for failure and are, therefore, of

special interest for long-term evaluation. These long-term evalu-

ations have to emerge whether the bone loss is physiologic or

pathologic and what factors are involved. 

No correlation between the peri-implant mucosal aspects and

bone loss between T0 and T12 was found, which has been repor-84
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ted earlier (Mericske-Stern et al. 1994, Batenburg et al. 1998b).

In our study we included edentulous patients because they pro-

vide a unique situation to study the colonisation of dental

implants. Before implantation, these patients are devoid of

tooth surfaces serving as sources for A. actinomycetemcomitans and

P. gingivalis to colonise (Aspe et al. 1989, Koka et al. 1993,

Mombelli et al. 1995, Quirynen et al. 1990, 1996, Lee et al. 1999,

van Winkelhoff et al. 2000). Therefore, edentulous patients are

only rarely colonised by A. actinomycetemcomitans and P. gingivalis

(Danser et al. 1997), although in three patients of the present

study P. gingivalis was cultured which is probably due to trans-

mission from another subject (Danser et al. 1998). 

Mombelli et al. (1988) concluded that one-stage implants in

edentulous patients were colonised by a microflora similar to

the microflora of the oral mucosal surfaces before implantation.

Therefore, the implants were colonised by predominantly facul-

tative cocci associated with periodontal health. Moreover, these

authors concluded that the colonisation was established quite

soon after implantation and that no important shifts in the

composition could be demonstrated over time. 

The mean number of colony forming units found around the ITI

implants of the present study are comparable with other studies

evaluating stable ITI dental implants in edentulous patients

(Mombelli et al. 1987, 1988). It is likely that marginal bone re-

sorption around an ITI implant is related to exposure of a rough

surface. The rough/smooth interface of the ITI implants is loca-

ted at crestal level while in the IMZ implants this interface is

located approximately one millimetre deeper. It seems likely

that this rough surface exposure favours microbial colonisation.

However, despite the difference in plaque score, no significant

difference was found between the amounts of colony forming

units of the two implant types.

In three recent studies, the subgingival microflora around IMZ

implants was evaluated (Pontoriero et al. 1994, Danser et al.

1997, Augthun et al. 1997). Because of the differences in study

design, the results of the two latter studies were difficult to

compare with the present study. In the study of Pontoriero et al.

(1994), implants were inserted in partially edentulous patients

with a history of moderate advanced periodontitis and only bac-

terial morphotypes were enumerated instead of bacterial deter-

mination as we used. In the study of Augthun et al. (1997) eden-

tulous patients with IMZ implants showing bone loss exceeding

5 mm were included. A high incidence of A. actinomycetemcomitans

and P. intermedia and a low incidence of F. nucleatum were ob-

served. Especially the high incidence of A. actinomycetemcomitans

observed in edentulous patients in this study was striking, al-

though A. actinomycetemcomitans was recently found in an edentu-

lous patient (van Winkelhoff & Wolf 2000). In the present study

A. actinomycetemcomitans was not detected and a low incidence of

P. intermedia and a high incidence of F. nucleatum was observed

around the IMZ implants. The major reason for the differences

in results probably relates to the inclusion of only failing

implants in the study of Augthun et al. (1997). In the study of

Danser et al. (1997), in which 20 edentulous patients were tre-

ated with either IMZ or Brånemark implants, a microbiota asso-

ciated with periodontal health was found. A. actinomycetemcomi-

tans and P. gingivalis were not detected. These authors reported a

peri-implant microflora comparable with that around the IMZ

implants of our study.

Three studies report the colonisation of stable ITI implants in 85
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edentulous patients (Mombelli et al. 1987, 1988, 1990). P. gingi-

valis was not isolated and P. intermedia and Fusobacterium species

were found only occasionally. These results differ from those

found in our study, which cannot be explained by differences in

study design. The most plausible explanation for the higher

incidence of P. intermedia and B. forsythus in the ITI group of our

study was the higher plaque scores in this group, although no

significant association between these parameters was found.

Several studies showed associations between clinical parame-

ters and the peri-implant microflora. A trend was found

between the bleeding score and the proportion of motile organ-

isms in edentulous patients (Papaioannou et al. 1995). For

increasing pocket depths a significant decline in cocci and a

significant increase for other morphotypes (motiles and

Spirochetes) as well as the total number of organisms was

observed (Sanz et al. 1990, Rams et al. 1991). In the study of

Mombelli & Mericske-Stern (1990) the relative proportion of

Capnocytophaga was significantly related to probing pocket

depth, and in the study of Danser et al. (1997) all subjects har-

bouring P. intermedia showed pockets > 4 millimetres. In the

study of Keller et al. (1998), Fusobacterium species and P. interme-

dia were found in significantly higher numbers in the deeper

periodontal pockets. However, in several other studies no cor-

relation was established between the frequency of any group of

microorganism and the clinical parameters (Lekholm et al.

1986b, Adell et al. 1986, Aspe et al. 1989, Mombelli et al. 1995,

Sbordone et al. 1999). In the ITI group, we found several weak

associations between clinical parameters and the presence of

the target microorganisms, to which no clinical significance can

be attributed. No association was found between the presence

of any of the target microorganisms and the amount of bone

loss. In three patients of the present study P. gingivalis, which is

considered to be the most periodontopathic species in adults,

was cultured. Although the amount of bone loss during the

first year of loading (between 0.2 and 0.5 mm) could be consid-

ered normal in two patients, the bone loss of 1.6 mm between

T0 and T12 observed in the third patient might suggest a possi-

ble association with the presence of P. gingivalis.

Although suspected periodontal pathogens were identified at

implant sites in the present study, the clinical and radiological

parameters were not indicative for deterioration, suggesting

that the presence of potential periodontal pathogens around

implants is not necessarily associated with future attachment

loss or implant failure. However, it is possible that, like in the

dentate situation, elevated numbers of these bacteria ought to

be present for extended periods of time in order to have an

adverse impact on the tissues (Mombelli et al. 1995). From the

periodontal literature it has become evident that periodontal

pathogens are essential for the onset and progression of

destructive periodontal disease, but inter-patient variability in

the host response is a major determinant of the expression of

periodontal disease. In the implant literature there are indica-

tions that implant failure is primarily at a patient level and

secondarily at implant level from a clinical or microbial per-

spective (Salcetti et al. 1997, Kronström et al. 2000). The

question of susceptibility to infection of peri-implant tissue in

the presence of these organisms might be answered in the

long-term evaluation of our patients.
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CONCLUSIONS

The results of this study indicate that dental implants designed

for a submerged implantation procedure can also be used in a

single-stage procedure and may be as predictable as one-stage

implants. Since one-stage implant systems and two-stage

implant systems inserted in a single-stage procedure seems to

have comparable results, there are some advantages to use the

latter method:

• the surgeon only needs to have a two-stage implant sys-

tem in stock for executing both submerged and non-sub-

merged procedures;

• there is a possibility to switch from a non-submerge proce-

dure to a submerged procedure during the operation when

this appears to be preferable;

• during the osseointegration period the healing abutment

can be removed if the temporary prosthesis cannot be

adjusted in such a way that the implant will not be loaded;

• the coronal part of the implant is located at the crestal

level, giving the possibility for a more flexible emergence

profile of the transmucosal part.

The microgap at crestal level appears to be of no importance in

the establishment of the subgingival microbial flora and crestal

bone loss during the first year of functioning. The peri-implant

sulcus can and does harbour potential periodontal pathogens

without significant signs of tissue breakdown.
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INTRODUCTION

In oral implantology, different endosseous implant systems are

currently used. Most implant systems consist of two parts, i.e.

the implant which is submerged during a first surgical proce-

dure, and the transmucosal part which is connected to the

implant during a second surgical procedure. Therefore, these

implant systems are collectively referred to as ‘two-stage’ sys-

tems. ‘One-stage’ systems consist of one part, which is inserted

during a single surgical procedure. The transmucosal part of

these implants is integrated to the implant. Well-documented

long-term clinical studies have revealed that both implant

types have good and predictable outcomes (Adell et al. 1990,

Lindquist et al. 1996, Buser et al. 1999, Haas et al. 1996,

Heydenrijk et al. 1998).

Inserting implants in one stage has several advantages (Buser

et al. 1999). Only one surgical intervention is required which is

convenient for the patient, especially for the medically compro-

mised patient. In addition, there is a considerable cost-benefit

advantage. The prosthetic phase can start earlier because there

is no wound-healing period involved related to a second surgi-

cal procedure. Furthermore, the implants are accessible for cli-

nical monitoring during the osseointegration period. On the

other hand, one-stage implants are preferably not being insert-

ed under the following circumstances (Røynesdal et al. 1999):

• in combination with an augmentation or guided bone

regeneration procedure that requires the wound to be 

closed tightly to prevent infection and bone or membrane

exposure;

• if the integrated abutment interferes with a functional or

esthetical design of the suprastructure;

• to prevent undesirable loading of the implants during the

osseointegration period when the temporary suprastruc-

ture can not be effectively adjusted.

Applying two-stage implants in a single surgical procedure has

been reported to be promising in several recent studies

(Bernard et al.1995, Ericsson et al.1994, 1996, 1997, Barber et

al. 1996, Becker et al.1997, Abrahamsson et al.1999). The 

reported clinical and radiographic outcomes suggest that two-

stage implants inserted in a one-stage procedure may be as

predictable as when inserted in a two-stage procedure.

However, most of the studies consist of only small groups of

participants and standardised radiographs for the evaluation of

peri-implant bone changes were made in only a few studies.

Furthermore, 12% of the implants inserted in a one-stage 

procedure failed to osseointegrate in one study (Røynesdal et

al.1999), indicating that the prognosis might be less promising

than suggested by the other studies.

One of the main reasons for implant insertion in the “tradition-

al” two-stage procedure was to minimise the risk of infection,

since the peri-implant tissue is allowed to heal separate from

the oral microbial environment. It has been observed that 

bacteria colonise the inner region of two-stage implants follow-

ing abutment connection and that this, in turn, may result in

marginal bone loss (Ericsson et al.1995, Persson et al.1996).

Several studies, evaluating the microflora around dental

implants have been published, some of which report the pres-

ence of suspected periodontal pathogens around failing or 

failed implants (review, Ellen 1998). It has been suggested that

putative periodontal pathogens may be involved in peri- 97
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implant bone loss. Possibly the micro-organisms or their prod-

ucts accommodating the microgap are responsible for the

occurrence of this bone loss (Lindhe et al.1992, Quirynen & van

Steenberghe 1993, Ericsson et al.1995, Persson et al.1996).

Putative periodontal pathogens have been implicated in the

onset and progression of peri-implantitis, but it remains un-

clear whether these bacteria always constitute a risk factor for

the maintenance of dental implants (Danser et al. 1997). The

frequency of developing peri-implant infection in patients 

carrying these pathogens is, however, unknown. (van Winkelhoff

et al. 2000, van Winkelhoff & Wolf 2000).

The aim of this prospective study was to explore the feasibility

of inserting two-stage implants in a one-stage procedure. We

compared peri-implant radiographic bone loss and clinical

parameters of two-stage implants inserted by either a one-

stage or a two-stage surgical procedure, and evaluated the

impact of the colonisation of the peri-implant area by putative

periodontal pathogens.

MATERIALS AND METHODS

Patient selection

Forty edentulous patients, 19 females and 21 males with a

mean age of 58 years (SD=11 years), referred by their dentist to

the Department of Oral and Maxillofacial Surgery and

Maxillofacial Prosthetics of the University Hospital Groningen,

were selected on the basis of the following inclusion criteria:

• the presence of a severely resorbed mandible (class V-VI

according to the Cawood & Howell (1988) classification)

resulting in reduced stability and insufficient retention of

the lower denture;

• an edentulous period of at least two years;

• no history of radiotherapy in the head and neck region;

• no history of pre-prosthetic surgery or previous oral

implantology.

The patients were informed about the two different treatment

options. After obtaining written informed consent, the partici-

pants were randomly assigned to a group in which implants

were inserted in the traditional two-stage procedure, or to a

group in which implants were inserted in a one-stage proce-

dure.

Treatment procedures

All patients received two IMZ implants (two-stage 4 mm IMZ

cylinder implants with a TPS coating (Friedrichsfeld AG,

Mannheim, Germany) in the canine region of the mandible. The

implants were inserted under local anaesthesia, each about

one centimetre from to the midline. All implants were inserted

according to a strict surgical protocol by one experienced

maxillofacial surgeon. The implants in the two-stage group

were inserted as described by Kirsch (1983). The implants in

the one-stage group also were inserted as described by Kirsch

(1983) but with the modification for a one-stage implantation

procedure using a labial flap and immediate connection of

healing abutments as previously described (Heydenrijk et al.

2000). In none of the patients, palatal mucosa grafts were

placed. Postoperatively, analgesics and chlorhexidin 0.2%

mouth rinse were prescribed for two weeks. No systemic or

local antibiotics were prescribed. Patients were not allowed to98
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wear the mandibular denture during the first two postoperative

weeks.

Two weeks after the surgical procedure, sutures were removed

and the lower denture was adjusted by selective grinding at the

implant location and relining with Coe-soft (Coe laboratories,

Inc. Chicago, Illinois, U.S.A.). The patients of the one-stage

group received oral hygiene instructions two, six and twelve

weeks after the surgical procedure, and the manufacturing of a

new maxillary denture and a mandibular overdenture was 

started three months after implant insertion. In the two-stage

group, second stage surgery for connection of 5 millimetre high

titanium prosthetic abutments was performed three months

after implant insertion, and two weeks later the prosthetic pro-

cedure was started and oral hygiene instructions were given.

For all patients a uniform prosthetic procedure (Batenburg et

al. 1993) was performed by one experienced prosthodontist. In

the one-stage group, the healing abutments were replaced by 

5 millimetre high titanium prosthetic abutments. A Dolder bar

with subsequent clip attachment supported the overdentures.

A balanced occlusion and monoplane articulation concept with

porcelain teeth was used.

OUTCOME MEASURES

Data were collected at three occasions during the first year, i.e.

four weeks after insertion of the new prosthesis (T0), after six

months (T6), and after 12 months (T12).

Clinical variables

The Mombelli index (score 0 – 3) was used to quantify the

amount of plaque retained at four aspects of the surface of the

supra-gingival part of the implant (Mombelli et al., 1987). The

highest value per implant was used for data-analysis. The pres-

ence (score 1) or absence (score 0) of calculus per implant was

also scored.

The degree of peri-implant inflammation was quantified by the

‘gingiva’ score (modified Löe and Silness index  (Löe & Silness

1963), yielding a 0 – 3 score at each of four aspects of the

implants. The highest score obtained per implant was used for

data-analysis. In addition, the bleeding score according to

Mühlemann (Mühlemann & Son 1971) modified by Mombelli

(1987) was scored per implant (score 0-3).

The depth of the peri-implant ‘sulcus’ was measured mesially

and distally of each implant to the nearest millimetre by using

a periodontal probe (Merrit B, Hu Friedy, Chicago, Illinois,

U.S.A.) after removal of the bar (Quirynen et al. 1991). The dis-

tance between the marginal border of the gingiva and the tip of

the pocket probe was scored as the probing pocket depth

(PPD). The deepest pocket per implant was used for data-analy-

sis.

The Periotest® (Siemens, Bensheim, Germany) device was

used to quantify implant mobility (Teerlinck et al. 1991). Mobile

implants were regarded as being lost and were removed.

Radiographic evaluation

Standardised intra-oral radiographs were made using the long

cone technique with an aiming device (Meijer et al. 1992). The

distance from the implant/connector interface to the first bone-

to-implant contact was measured with a digital calliper

(Digitcal SI, Tesa SA, Renens, Switzerland) (Meijer et al. 1993). 99
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Measurements were made at the two proximal implant sites.

From a previous study addressing intra and inter-observer

agreement of measurement of the level of bone, more consis-

tent results were obtained when one experienced observer per-

forms the measurement twice than when two observers per-

form the measurements once (Batenburg et al. 1998a).

Therefore, in the present study the measurements were perfor-

med twice by the same observer with a two weeks time interval

and averaged. 

Microbiological sampling

Microbiological samples were obtained 12 months after func-

tional loading of the implants (T12). Patients who had taken

antibiotics (e.g. for medical reasons) during the previous three

months were recalled for sampling 3 months later. Prior to the

probing pocket depth measurements, supragingival plaque and

calculus was carefully removed with sterile Teflon curettes (Hu-

Friedy, Chicago, Illinois) and cotton pellets after which the

sample site was isolated with cotton rolls and gentle air drying.

Sterile paper points (Fine, UDM, West Palm Beach, Florida)

were inserted in the peri-implant region and left in place for 10

seconds. Per implant the approximal sites were sampled twice.

Per patient the paper points were collected in 4 separate vials

containing 1.8 ml reduced transport fluid (RTF) (Syed &

Loesche 1972). The presence and proportions of Actinobacillus

actinomycetemcomitans, Porphyromonas gingivalis, Prevotella intermedia,

Bacteroides forsythus, P. micros, Fusobacterium nucleatum and

Campylobacter rectus were assessed. Samples were processed in

the laboratory within six hours. Ten-fold serial dilutions of all

samples were prepared in RTF. Aliquots of 0.1 ml were inocula-

ted on 5% horse blood agar plates (Oxoid no. 2, Basingstoke,

UK) with haemin (5 mg/l) and menadione (1 mg/l) for isolation

and growth of obligatory anaerobic bacteria, and on TSBV plates

for selective isolation and growth of A. actinomycetemcomitans

(Slots 1982). Blood agar plates were incubated anaerobically in

80% N2, 10% H2 and 10% CO2 for up to 14 days. TSBV plates

were incubated in air with 5% CO2 for 5 days (van Steenbergen

et al. 1986). Blood agar plates were used for determination of

the total number of colony forming units (CFU), the presence of

dark-pigmented colonies, B. forsythus, F. nucleatum and

P. micros. Representative dark-pigmented colonies were purified

and identified using standard techniques (van Winkelhoff et al.

1985), including Gram-stain, fermentation of glucose, produc-

tion of indole from tryptophan and production of specific enzy-

mes (van Winkelhoff et al. 1986). B. forsythus was identified on

the basis of the typical colony morphology, Gram-staining and

production of trypsin-like enzyme (Braham & Moncla 1992). F.

nucleatum and P. micros were identified on the basis of colony

morphology, Gram-stain and production of specific enzymes

(API 32A, Biomerieux, La Balme, Les Grottes, France). 

Data analysis

Analyses were executed per implant. Qualitative data and

quantitative data after categorisation were analysed using chi-

square tests to assess between-group differences with regard to

the distribution of clinical, radiographic and microbiological

variables. Differences between quantitative variables were test-

ed with the (paired) t-test when normally distributed and with

Wilcoxon’s ranked sign test (paired data) or Mann-Whitney’s

test (independent data) when the criteria for using parametric100
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tests were not fulfilled. The course of clinical and radiographic

parameters within the groups during the evaluation period was

evaluated with Friedman’s test for more than two related sam-

ples. For all univariate tests, a significance level of 0.05 was

chosen.

The strength of possible associations between clinical and

radiographic parameters on one hand and the presence of tar-

get microorganisms on the other was assessed with

Spearman’s rank correlation coefficient. A multiple stepwise

regression analyses was performed to assess the joint contribu-

tion of the peri-implant mucosal condition (gingiva score, 

plaque score, probing pocket depth, bleeding score) and micro-

biological findings to the bone loss between T0 and T12.

RESULTS

Loss of implants

At T6 one implant of the one-stage group appeared to be mo-

bile. This implant already showed a poor periodontal condition

at T0. One implant of the two-stage group appeared to be

mobile at T12. This implant did not show any clinical or radio-

graphic signs of tissue breakdown at T6. Before removing the

implant, microbiological samples were taken, revealing the 

presence of P. intermedia (7% of the anaerobic cultivable micro-

biota), P. micros (6%), F. nucleatum (13%), and B. forsythus (1%).

Three weeks after removal of the mobile implants two new IMZ

implants in both patients (one mesially and one distally of the

former implant location) were successfully inserted.

Periodontal parameters

With regard to the plaque scores, the gingiva scores, the pres-

ence of calculus and the bleeding scores higher levels were

found in the two-stage group compared to the one-stage group

throughout the observation period (Figures 7.1-7.4). But only

for the plaque score at T12 this difference was significant

(p=0.001, Figure 7.1). In the one-stage group there was a signif-

icant reduction in the plaque score throughout the observation

period (Friedman test, p=0.04, Figure 7.1). Figures 7.2 – 7.4 

illustrate that the time course of the other periodontal parame-

ters was comparable in both groups (Friedman test, p > 0.05). 

The mean probing pocket depth was comparable for both

groups at T0 (one-stage group: mean 3.6 mm, median 3 mm,

range 2-12 mm; two-stage group: mean 3.7 mm, median 4 mm,

range 2-6 mm. At T12, the difference in probing pocket depth
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Figure 7.1. Frequency distribution of the plaque scores at the baseline exami-
nation (T0) and 6 (T6) and 12 months (T12) after insertion of the overdenture.
At T12 significant less implants of the one-stage group showed a plaque score
≥1 (P=0.001).



was not significant (one-stage group: mean 3.3 mm, median 3

mm, range 1-5 mm; two-stage group mean 3.7 mm, median 3

mm, range 2-8 mm). The mean periotest values were identical

for both groups and ranged from –4.9 at T0 to –5.2 at T12.

Radiographic parameters

Radiographic observations could be made of 76 implants in 38

patients. In two patients (one from the one-stage group and

one from the two-stage group) no standardised radiographs

could be made of both implants, because the Dolderbar was

placed labially to the implants to prevent interference with the

floor of the mouth. In both groups, the mean loss of bone

between T0 and T12 was 0.6 mm (SD=1.3 in the two-stage, and

SD=0.9 in the one-stage group). Thirteen implants of the two-

stage group and 11 of the one-stage group showed a stable
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Figure 7.2. Frequency distribution of the gingiva scores at the baseline exami-
nation (T0) and 6 (T6) and 12 months (T12) after insertion of the overdenture.
Comparable scores were found for both groups during the evaluation period.

Figure 7.3. Frequency distribution of the calculus scores at the baseline exami-
nation (T0) and 6 (T6) and 12 months (T12) after insertion of the overdenture. 
Comparable scores for both groups were found during the evaluation period.

Figure 7.4. Frequency distribution of the bleeding scores at the baseline exam-
ination (T0) and 6 (T6) and 12 months (T12) after insertion of the overdenture. No
significant differences were found between the two groups during the evaluation
period.



bone level or bone gain. A multiple regression analysis did not

yield a model relating clinical variables and target micro-

organisms with the amount of bone loss between T0 and T12.

Microbiological parameters

The mean number of colony forming units was 3.6 x 105

(SD=6.9 x 105) in the one-stage group and 1.1 x 105 (SD=2.2 x

105) in the two-stage group which was not significantly differ-

ent. A. actinomycetemcomitans was not isolated. P. gingivalis was

isolated at one implant site of the one-stage group. B. forsythus

was isolated only at 3 implant sites of the two-stage group.

Other putative periodontal pathogens were found in compara-

ble frequencies in both groups (Table 7.1). An association was

present between pockets ≥ 4 mm and the presence of P. micros

in the two-stage group (Spearman’s rho = 0.4, p= 0.007, Table

7.1). With regard to the plaque score, gingiva score and bleed-

ing score, no associations were found with the presence of the

microorganisms (Spearman’s rho, p>0.05, Table 7.1). 

Bone loss was observed in 26 one-stage implants and 24 two-

stage implants. These implants were divided into 2 subgroups,

i.e. with sites showing £ 1mm bone loss and with sites showing

> 1 mm bone loss. No association could be demonstrated

between the amount of bone loss and the presence of any of

the target microorganisms (Table 7.1).
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Aa Pg Pi Pm Bf Fn Cr   

stage  stage stage  stage  stage  stage stage  stage stage  stage stage  stage  stage  stage stage  stage

All implants 39 40 0 0 1 0 3 5 8 8 0 3 30 28 3 3

Gingiva score ≥ 1 2 3 0 0 0 0 0 1 1 1 0 1 2 2 0 0

Plaque score ≥ 1 3 16 0 0 0 0 1 1 0 1 0 1 3 12 0 1

Bleeding score ≥ 1 15 19 0 0 0 0 2 4 3 5 0 3 11 16 0 2

Pockets ≥ 4 mm 11 14 0 0 0 0 1 2 1 6 0 2 8 11 0 1

No bone loss 11 14 0 0 0 0 1 3 3 4 0 1 10 8 0 1

Bone loss ≤ 1 mm 14 17 0 0 0 0 2 0 4 2 0 0 13 12 1 1

Bone loss > 1 mm 12 7 0 0 1 0 0 2 1 2 0 2 7 8 2 1

Table 7.1. Results at T12. Number of implants with a gingiva score, plaque score or a bleeding score ≥ 1 or a probing pocket depth ≥ 4 mm or with different amounts
of bone loss between T0 and T12, colonised with the target organisms. Comparable results were found between the two groups. The presence of P. micros is related to
probing pocket depth ≥ 4 mm in the two-stage group. Aa: A. actinomycetemcomitans, Pg: P. gingivalis, Pi: P. intermedia, Pm: P. micros, Bf: B. forsythus, Fn: F. nucleatum, 
Cr: C. rectus.

1-       2-            1-        2-            1-        2-            1-        2-             1-        2-           1-       2-             1-       2-            1-       2



The site of the one-stage group harbouring P. gingivalis showed

bone loss of 1.6 mm between T0 and T12.

DISCUSSION

The results of this prospective comparative study suggest that

insertion of two-stage implants in a one-stage approach is at

least as predictable as the conventional two-stage technique.

The clinical results of the present study correspond with those

of studies evaluating two-stage implants inserted in the com-

mon two-stage approach (Cox & Zarb 1987, Batenburg et al.

1998b, Heydenrijk et al. 1998) and in a one stage procedure

(Ericsson et al.1994, Bernard et al.1995, Barber et al. 1996).

There was a striking trend towards higher plaque, gingiva, cal-

culus and bleeding scores with deeper probing pocket depth in

the two-stage group, which might explain the occurrence in

this group of B. forsythus and the higher frequency of P.

intermedia.

To reveal the peri-implant marginal bone levels in clinical

trials, standardised intra-oral radiographs are mandatory

(Wennström & Palmer 1999). The intra-oral radiographs used in

the present study are of sufficient quality to detect the first

bone-to-implant contact to be used in a longitudinal trial

(Batenburg 1998a). However, a major drawback of this tech-

nique is that the first radiograph can be obtained no sooner

than after placement of the bar (i.e., five months after implant

insertion, while the crestal bone loss around non-submerged

implants has been shown to occur mainly within the first

months after implant insertion (Pham et al. 1994, Hermann et

al. 1997). The mean bone loss of 0.6 mm between T0 and T12

found in the present study is comparable with the results of

other studies in which one-stage or two-stage implants were

evaluated (Lindquist et al. 1988, Ericsson et al. 1994, Åstrand

et al. 1996, Brägger et al. 1998, Batenburg et al. 1998b). On the

other hand, implant sites with bone loss exceeding 1.0 mm

between T0 and T12 were also observed in both groups.

Because this is substantially more than the average in our

study, these implants are possibly at risk for failure and are,

therefore, of special interest for long-term evaluation. 

In our study, inclusion was restricted to edentulous patients

because they provide a unique situation to study the colonisa-

tion of dental implants. Before implantation, these patients are

devoid of tooth surfaces serving as sources for A. actinomycetem-

comitans and P. gingivalis to colonise (Aspe et al. 1989, Koka et al.

1993, Mombelli et al.1995, Quirynen et al. 1990, 1996, Lee et al.

1999, van Winkelhoff et al. 2000). Therefore, edentulous

patients are only rarely colonised by A. actinomycetemcomitans or

P. gingivalis (Danser et al. 1997). Danser et al. (1997) studied 20

edentulous patients treated with either IMZ or Brånemark

implants. Neither A. actinomycetemcomitans nor P. gingivalis were

detected. The peri-implant microflora they found was compara-

ble with the present study. In our study, A. actinomycetemcomitans

was also not detected, while a low incidence of P. intermedia and

a high incidence of F. nucleatum was observed. There was a strik-

ing difference with the study of Augthun et al. (1997), in which

a high incidence of A. actinomycetemcomitans and P. intermedia and

a low incidence of F. nucleatum were found. The main reason for

the different results probably is the inclusion of only failing

implants in the study of Augthun et al. (1997). In a third recently104
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published study, in which the subgingival flora around IMZ

implants was evaluated, partially edentulous patients with a

history of moderate to advanced periodontitis were included

and only bacterial morphotypes were enumerated (Pontoriero

et al. 1994). Therefore, their results were difficult to compare

with the present study.

Except for an association between pockets ≥ 4 mm and the pres-

ence of P. micros in the two-stage group, we did not find any

associations between other clinical parameters or peri-implant

bone loss and any of the target organisms. While several recent

studies showed associations between clinical parameters and

the peri-implant microflora (Mombelli & Mericske-Stern 1990,

Sanz et al. 1990, Rams et al. 1991, Papaioannou et al. 1995,

Danser et al. 1997, Keller et al. 1998), in several other studies

no correlation was established between the frequency of any

group of microorganism and the clinical parameters (Lekholm

et al. 1986b, Adell et al. 1986, Aspe et al. 1989, Mombelli et al.

1995, Sbordone et al. 1999). Although suspected periodontal

pathogens were identified at implant sites in these latter stu-

dies, the clinical parameters were not indicative for deteriora-

ting support, suggesting that the presence of potential perio-

dontal pathogens around implants may not always be associa-

ted with future attachment loss or implant failure. However,

like in the dentate situation, it is possible that elevated num-

bers of these bacteria ought to be present for extended periods

of time in order to have an adverse impact on the tissues

(Mombelli et al. 1995). 

In the literature there are indications that implant failure prob-

ably should be regarded primarily at a patient level and 

secondarily at implant level from a clinical or microbial per-

spective (Salcetti et al. 1997, Kronström et al. 2000). The one-

stage implant that was lost at T6 showed a poor periodontal

condition at T0. It is likely that only partial osseointegration

had occurred after implantation, which was too incomplete to

withstand the forces of the overdenture during function. In all

known human clinical studies evaluating two-stage implants

inserted in a one-stage procedure, some implants were lost

during the osseointegration period (Ericsson et al.1994, Becker

et al. 1997, Collaert & De Bruin 1998). Fixtures installed accord-

ing to the traditional two-step procedure are indirectly loaded

(i.e., via the mucosa) by the adjusted denture, while fixtures

installed according to the one-stage procedure most likely are

loaded directly, at least to some extent. This loading might

inhibit osseointegration, although two-stage implants inserted

in the conventional submerged way sometimes fail to osseoin-

tegrate as well. Thus, the true reason for the failure to osseoin-

tegrate largely remains obscure. The lost two-stage implant,

harbouring high percentages of P. intermedia, P. micros and F.

nucleatum, probably failed due to infection. This is supported by

a study comparing two clinically distinct types of failures

(infection versus trauma), in which high percentages of P. micros

and Fusobacterium species were related to implant failure due to

infection (Rosenberg et al. 1991). 

In one patient of the one-stage group, P. gingivalis was cultured

at one implant site. This implant showed bone loss of 1.6 mm

between T0 and T12, suggesting a possible contribution of P.

gingivalis to this bone loss. Colonisation of implants in edentu-

lous patients with P. gingivalis, which is considered the most

periodontopathic species in adults, can occur by transmission

from another subject (Danser et al. 1998). 105
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CONCLUSIONS

The results of this study suggest that dental implants designed

for a submerged implantation procedure can be used in a one-

stage procedure and may be as predictable as the conventional

two-stage approach. The peri-implant sulcus can and does har-

bour potential periodontal pathogens without significant signs

of tissue breakdown. 
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INTRODUCTION

Many different endosseous implant systems are currently

applied in oral implantology. Roughly, a distinction can be

made between implants inserted in a one-stage approach and

implants inserted in a two-stage approach. In a two-stage

approach, the implant is submerged during the first surgical

procedure. During the second surgical procedure the soft tissue

covering the implant is reflected and, after removing the cov-

ering screw, a transmucosal abutment is connected. The micro-

gap at the junction between implant and abutment is situated

at crestal level. By contrast, in a one-stage implant system the

transmucosal part is usually integrated into the implant. After

inserting the implant the transmucosal part is exposed in the

oral cavity. The microgap in this implant type is situated a few

millimetres above crestal level. It has been proposed that peri-

implant marginal bone loss is more extended around two-stage

implants than around one-stage implants as a result of the

location of the microgap (Hermann et al. 1997, Buser et al.

1999).

Despite the differences in implant design, one-stage and two-

stage implant systems have been demonstrated to have highly

predictable favourable clinical outcomes (Adell et al. 1990,

Lindquist et al. 1996, Haas et al. 1996, Batenburg et al. 1998a,

Buser et al. 1999, Noack et al 2000). Insertion of implants in a

one-stage procedure has several advantages (Buser 1999):

• only one surgical intervention is required, which is much

more convenient for the patient; 

• there is a cost-benefit advantage;

• there is a time-benefit since the prosthetic phase can start

earlier because there is no wound healing period involved

related to a second surgical procedure;

• during the osseointegration period, the implants are

accessible for clinical monitoring.

However, there are situations in which it is more favourable to

insert implants in a two-stage procedure (Røynesdal et al.

1999), i.e.,

• in combination with a bone augmentation procedure and

guided bone regeneration when the wound has to be closed

tightly to prevent bone or membrane exposure;

• to prevent undesirable loading of the implants during the

osseointegration period when the temporary suprastructure

cannot be adjusted effectively;

• when the coronal part of the implant is located at crestal

level, giving the possibility for a more flexible emergence

profile of the transmucosal part;

• to provide the possibility to remove supramucosal and

transmucosal parts when the patient is not able to perform

a sufficient oral hygiene and when possible infections en-

danger the general health;

• when implants are inserted in patients who will receive

radiotherapy in the implant region in the foreseeable 

future.

Applying two-stage dental implants in a single surgical proce-

dure has been reported to be promising (Bernard et al. 1995,

Ericsson et al. 1994, 1996, 1997, Becker et al. 1997, Collaert &

De Bruin 1998, Abrahamsson et al. 1999, Røynesdal et al. 1999,

Fiorellini et al. 1999). In this way the advantages of both sys-

tem types are combined. Moreover, there are two additional

advantages. First, the surgeon only needs to have a two-phase 115
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implant system in stock for executing both submerged and

non-submerged procedures. Second, there is a possibility to

switch from a non-submerged procedure to a submerged pro-

cedure if this appears to be preferable per-operatively or during

the osseointegration period. 

Many studies have reported the long-term results of implants

inserted for mandibular overdenture treatment. Most studies

describe a single implant system. Long-term studies comparing

a one-stage and a two-stage implant system are sparse. No stu-

dies have been published comparing a one-stage implant sys-

tem and a two-stage implant system inserted in a one-stage

procedure. The aim of the present study was to explore the

feasibility of inserting a two-stage implant system in a one-

stage approach by comparing the clinical outcome and peri-

implant radiographic bone. Furthermore, the aim was to evalu-

ate the impact of the microgap between implant and abutment. 

MATERIALS AND METHODS

Patients selection

From the patients referred to the Department of Oral and

Maxillofacial Surgery and Maxillofacial Prosthetics of the

University Hospital Groningen, 60 consecutive edentulous

patients were selected on the basis of the following inclusion

criteria:

• the presence of a severely resorbed mandible (class V-VI,

Cawood & Howell 1988) with a reduced stability and insuf-

ficient retention of the lower denture;

• an edentulous period of at least two years;

• no history of radiotherapy in the head and neck region;

• no history of pre-prosthetic surgery or previous oral

implants. 

Eligible patients were informed about the three different treat-

ment options and written informed consent was obtained from

all participants. They were randomly assigned to one of three

groups:

• a group receiving IMZ implants (two-stage 4 mm IMZ cylin-

der implants with a TPS coating (Friedrichsfeld AG,

Mannheim, Germany)) inserted in the traditionally sub-

merged procedure

• a group receiving the same two-stage IMZ implants inserted

in a non-submerged single-stage procedure

• a group receiving ITI implants (one-stage 4.1 mm solid

screw ITI dental implants with a TPS coating (Straumann

AG, Waldenburg, Switzerland).

Treatment procedures

All patients received two implants in the canine region of the

mandible. The implants were inserted under local anaesthesia,

each about one centimetre from to the midline. An experienced

maxillofacial surgeon, according to a strict surgical protocol,

inserted all implants. The IMZ implants in the two-stage group

were inserted as described by Kirsch (1983). The IMZ implants

in the single-stage group also were inserted as described by

Kirsch (1983) but with the modification for a single-stage

implantation procedure using a labial mucosa flap and imme-

diate connection of healing abutments as previously described

(Heydenrijk et al. 2000). The surgical procedure used for the ITI-116
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implants has been previously described (Sutter et al. 1988). In

none of the patients, palatal mucosa grafts were placed. Post-

operatively, analgesics and chlorhexidin 0.2% mouth rinse were

prescribed for 14 days. Systemic or local antibiotics were not

prescribed. Patients were not allowed to wear the mandibular

denture during the first two weeks post-operatively.

Two, six and twelve weeks after the surgical procedure, the

patients were recalled. At the first recall visit, sutures were

removed and the lower denture was adjusted by selective grind-

ing at the implant location and relining with Coe-soft (Coe

laboratories, Inc. Chicago, U.S.A.). At all recall visits, patients

received oral hygiene instructions.

Three months after implant insertion, second stage surgery for

connection of 5 millimetre high titanium prosthetic abutments

was performed in the two-stage IMZ group. Two weeks later

manufacturing of a new maxillary denture and a mandibular

overdenture was initiated. In the one-stage IMZ group and the

ITI group the prosthetic procedure was started three months

after implant insertion. A uniform prosthetic procedure

(Batenburg et al.1993) was performed for all patients by one

experienced prosthodontist. In the IMZ group, the healing

abutments were replaced by 5 mm high titanium connectors. A

Dolder bar with subsequent clip attachment supported the

overdentures. A balanced occlusion and monoplane articula-

tion concept with porcelain teeth was used.

OUTCOME MEASURES

Data collection was performed at baseline assessment (four

weeks after insertion of the new prosthesis (T0), and 6 months

(T6), 12 months (T12) and 24 months (T24) later.

Clinical outcome measures

The following clinical parameters were assessed:

• Gingiva-score: the modified Löe and Silness index (score 0

– 3) was used to quantify the degree of peri-implant in-

flammation (Löe & Silness 1963). The gingiva score was

measured at four aspects of the implants, the highest

score per implant being used for data-analysis;

• Plaque-score: the Mombelli index (score 0 – 3) was used to

quantify the amount of plaque retained on the surface of

the supra-gingival part of the implant (Mombelli et al.

1987). The plaque score was measured at four aspects of

the implants, the highest value per implant being used for

data-analysis;

• Calculus: the presence (score 1) or absence (score 0) of

calculus per implant was scored;

• Bleeding-score: the Mühlemann index (0-3) modified by

Mombelli et al. (1987) was scored at four aspects of the

implants, the highest value per implant being used for

data-analysis (Mühlemann & Son 1971);

• Probing pocket depth: the depth of the peri-implant ‘sul-

cus’ was measured, to the nearest millimetre, mesially and

distally of each implant by using a periodontal probe

(Merrit B, Hu Friedy, Chicago, U.S.A.) after removal of the

bar (Quirynen et al. 1991). The distance between the mar-

ginal border of the gingiva and the tip of the pocket probe

was scored as the ‘probing pocket depth’. The deepest pock-

et per implant was used for data-analysis; 117
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• Mobility: the Periotest® (Siemens, Bensheim, Germany)

device was used to evaluate the mobility of the implants

(Teerlinck et al. 1991); mobile implants were considered as

being lost and were removed.

Radiographic outcome

Standardised intra-oral radiographs were made using the long

cone technique with an aiming device (Meijer et al. 1992). The

distance from a fixed reference point of the implants to the first

bone-to-implant contact was measured with a digital calliper

(Digitcal SI, Tesa SA, Renens, Switzerland) (Meijer et al. 1993).

The measurements were made at the two approximal implant

sites. The site showing most bone loss was used for data-ana-

lysis. In the ITI group the neck of the implant and in the IMZ

groups the implant/connector interface was used as the refer-

ence point. From a previous study, addressing intra and inter-

observer agreement of measurement of the level of bone, it was

concluded that the reproducibility is more consistent if one

experienced observer performs the measurements twice rather

than two observers performing the measurements once

(Batenburg et al. 1998a). Therefore, the measurements were

performed twice by the same observer with a two weeks time

interval and averaged. 

Data analysis

Qualitative data and quantitative data after categorisation were

analysed using the Kruskal-Wallis analysis of variance between

the three groups. Possible associations between variables were

analysed with chi-square tests. The Friedman test was used to

assess the course of clinical and radiographic parameters

during the evaluation period within the groups. To evaluate

possible differences between the groups with regard to normal-

ly distributed quantitative variables, a one-way analysis of

variance was performed. When the criteria for using parametric

tests were not fulfilled, Kruskal-Wallis test (independent data)

or Friedman’s test (dependent data) was applied. In all analy-

ses, a significance level of 0.05 was chosen. 

RESULTS

Patients

Thirty-four women and 26 men (mean age of 58 ± 11 years) par-

ticipated in this study. Twenty patients were included in each

group. An IMZ implant of the one-stage group had to be re-

moved at T6 because of mobility. Three weeks after removal,

two new implants (one mesially and one distally of the former

implant location) were successfully inserted. At T12, an IMZ

implant of the two-stage group appeared to be mobile and was

removed after the standardised radiographs were taken and

after collecting the clinical data. Therefore, the data of this

implant were included in the T12 results. New implants were

inserted mesially and distally of the former implant location,

but they have not been in function because the patient died a

few months later. 

Because of the death of this patient and the loss of the implant

in the IMZ one-stage group, the 2-years evaluation (T24) com-

prised 117 implants in 59 patients.

118
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Periodontal parameters

Frequency distributions of the clinical parameters are depicted

in Figures 8.1-8.5. At T0, significant differences between the

three groups with regard to the bleeding scores and to the

amount of probing pocket depths > 3 mm, were found (Kruskal-

Wallis tests). At T12, a significant differences between the

groups were found with regard to the plaque score and the

amount of probing pocket depths >3 mm (Kruskal-Wallis test).

Significant differences between the three groups at T24 were

found for the plaque score, gingiva score and calculus score

(Kruskal-Wallis test). The periotest values (mean -5, ±1.3) were

comparable for all three groups throughout the observation

period.

In the ITI group there was a significant increase in the bleeding

score throughout the observation period (Friedman test,

p=0.02, Figure 8.4). In the IMZ two-stage group, a significant

reduction of the number of probing pocket depths > 3 mm was

found (Friedman test, p=0.01, Figure 8.5). The time course of

the other periodontal parameters was comparable for the three

groups (Friedman test, p>0.05).

The plaque score was associated with the gingiva score at T24

in the IMZ two-stage group (chi-square p=0.005). No other sig-

nificant associations between the clinical parameters were

found (chi-square test, p>0.05).

Radiographic parameters

In three patients (one of each group) the Dolderbar was placed

labially to the implants to prevent interference with the floor of

the mouth. As a result, no standardised radiographs could be

made of these implants. Therefore, including the lost implants, 119
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Figure 8.2. Frequency distribution of the gingiva scores at the baseline examina-
tion (T0) and 12 (T12) and 24 months (T24) after insertion of the overdenture.
Score 0: normal peri-implant mucosa, score 1: mild inflammation, score 2: 
moderate inflammation, score 3: severe inflammation.

Figure 8.1. Frequency distribution of the plaque scores at the baseline examina-
tion (T0) and 12 (T12) and 24 months (T24) after insertion of the overdenture.
Score 0: no plaque, score 1: plaque detected by running a probe across the
implant, score 2: plaque can be seen by the naked eye, score 3: abundance of 
plaque.



radiographic observations were made of 113 implants in 57

patients at T12, and of 111 implants in 56 patients at T24. 

A small radiolucent line was visible along the implants that

appeared to be mobile.

The mean amount of bone loss was comparable for the three

groups during the observation period (one-way analysis of

variance, p>0.05, Table 8.1). Comparable number of implants in

each implant group were found showing bone loss exceeding 1

millimetre in the first year of functioning and exceeding 0.2

millimetre in the second year (Kruskal-Wallis test, p>0.05,

Figures 8.6 and 8.7). No associations between the amount of

bone loss and clinical parameters were found (chi-square test,

p>0.05).
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Figure 8.3. Frequency distribution of the calculus scores at the baseline exami-
nation (T0) and 12 (T12) and 24 months (T24) after insertion of the over-
denture. Score 0: no calculus, score 1: presence of calculus.

Figure 8.4. Frequency distribution of the bleeding scores at the baseline exa-
mination (T0) and 12 (T12) and 24 months (T24) after insertion of the overden-
ture. Score 0: no bleeding after probing, score 1: isolated bleeding spots, score
2: confluent line of blood, score 3: heavy or profuse bleeding.

Figure 8.5. Frequency distribution of the pocket probing depths at the baseline
examination (T0) and 12 (T12) and 24 months (T24) after insertion of the over-
denture. 



DISCUSSION

This prospective randomised study is the first in which the two-

year clinical and radiographic results of two-stage non-submer-

ged implants are compared with two-stage submerged

implants and with one-stage implants. This study showed no

major differences between the three groups, suggesting that a

two-stage implant system can be used for implant insertion in

a non-submerged procedure. 

After two years of loading, 97.5% of the IMZ implants and all ITI

implants were functioning uneventful. The implants that had to

be removed were lost during the first year of functioning.

Insertion of new implants at mesial and distal locations of the

previous implant site resulted in successful re-implants.

The clinical results are comparable with the results in studies

in which one-stage or two-stage implant systems were evalu
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Figure 8.6. Frequency distribution of the amount of bone loss between base-
line examination (T0) and one year later 9(12). Score 0: bone loss ≤ 1 mm;
Score 1: bone loss > 1 mm.

Figure 8.7. Frequency distribution of the amount of bone loss between T12 (1
year after functioning) and T24 (2 years after functioning). Score 0: bone loss ≤
0,2 mm; Score 1: bone loss > 0,2 mm.

IMZ     IMZ    ITI

one-stage   two-stage

N implants 37 38 38
Bone loss

Mean 0.6 0.6 0.6
T0-T12 

SD 0.9 1.3 0.8

N implants 37 36 38
Bone loss

Mean 1.1 0.8 1.2
T0-T24

SD 1.0 1.1 1.1

Table 8.1. Mean amount of bone loss (in mm.) between T0 (baseline) and T12
(1 year after functioning) and between T0 (baseline) and T24 (2 years after func-
tioning).



ated (Quirynen et al. 1991, Mericske-Stern et al. 1994, Åstrand

et al. 1996, Batenburg et al. 1998b). At T0 and T12, more IMZ

implants than ITI implants had pockets > 3 mm. This might be

attributed to the cup shaped transmucosal part of the ITI

implants, which may hamper easy insertion of the probe into

the pocket (Spiekermann et al. 1995). At T24 a higher plaque

and gingiva score were found in the IMZ two-stage group com-

pared to the other groups and the IMZ two-stage group showed

a higher calculus score compared to the IMZ one-stage group.

Differences in scores of periodontal parameters between to dif-

ferent implant types can be explained by different implant

characteristics, but differences in scores of periodontal para-

meters between the two IMZ groups are harder to explain. We

presume that it is by coincidence that the IMZ two-stage group

contains more patients with poorer oral hygiene maintenance,

illustrated by higher plaque, calculus and gingiva scores. 

No significant associations between the peri-implant mucosal

aspects and the amount of bone loss between T0 and T12 or

between T12 and T24 were found, which has been reported ear-

lier (Quirynen et al. 1991, Mericske-Stern et al. 1994, Batenburg

et al. 1998b, Weber et al. 2000). Reproducible radiographs of

sufficient quality are necessary in a longitudinal trial to accurate-

ly detect the first bone to implant contact. The intra-oral radio-

graphs used in the present study have been shown to satisfy

this criterion (Batenburg et al. 1998a). The landmarks necessary

for the evaluation were easy to identify. A major drawback of

this technique is that the first radiograph can be obtained no

sooner than after placement of the bar, which was at least 

4 months after implant insertion. Therefore, no information

was available considering the initial peri-implant bone level

changes. The mean bone loss of 0.6 mm between T0 and T12 in

our three groups is below the limits of 0.9 to 1.6 mm as reported

by Brägger et al. (1998) to be acceptable as a radiographic 

criterion for implant success. Bone loss during the first year of

functioning has been described previously, and is related to

maturation of bone after implant insertion and adaptation of

bone to withstand functional forces (Adell et al. 1981, 

van Steenberghe et al. 1999). An annual bone loss of 0.2 mm

after this period has been recognised as acceptable

(Albrektsson et al. 1986). Several studies described the peri-

implant bone changes in the second year of functioning reporting

a mean bone loss of approximately 0.1 mm (Adell et al. 1986,

Cox & Zarb 1987, Bower et al. 1989, Quirynen et al. 1991,

Versteegh et el. 1995, Lindquist et al. 1996, Weber et al. 2000).

In our three groups the peri-implant bone loss between T12

and T24 was more extended (Table 8.1). However, when looking

at the amount of bone loss between T0 and T24, the values are

within the limits of 0.9 to 1.6 mm considered to be acceptable

for the first year functioning (Brägger et al. 1998). It does not

seem to be a coincidence to find relatively low amounts of

bone loss in the first year and high amounts of bone loss in the

second year of functioning in the present study compared to

the findings from the literature, since comparable amounts of

bone loss were found in all of the three groups. Probably, the

high quality of the standardised radiographs used in the present

study is responsible for the different outcomes. Long-term fol-

low-up evaluations have to show whether bone loss continues

in the subsequent years. 

It has been proposed that marginal bone loss is more extended

around two-stage implants as compared with one-stage122
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implants (Buser et al. 1999). Therefore, it could have been

expected that the implants in both IMZ groups would show

more bone loss compared with the ITI group. ITI implants lack

a microgap between implant and abutment at the crestal level.

The microgap between the implant and the abutment at the

crestal level has been suggested to play a prominent role in the

development of bone loss (Hermann et al. 1997). In the present

study, a comparable amount of bone loss was found between

the three groups suggesting that the microgap at crestal level

does not influence the amount of peri-implant bone loss.

CONCLUSIONS

The results of this study indicate that:

1. Dental implants designed for a submerged implantation

procedure can be used in a single-stage procedure and

may be as predictable as used in a two-stage procedure or

one-stage implants.

2. The microgap at crestal level in two-stage implants does

not appear to have an adverse effect on the amount of

peri-implant bone loss.
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The outcome of two-stage implants inserted in the edentulous

mandible in a one-stage approach appears to be at least as

predictable as the conventional two-stage technique, sugges-

ting that a two-stage implant system can be safely used for

implant insertion in a non-submerged procedure. Long-term

evaluation of two-stage submerged implants (chapter 2) shows

that these implants have a 94% success rate according to gener-

ally accepted clinical and radiographical criteria (Albrektsson et

al. 1986). In our prospective studies comparing ITI implants,

IMZ implants inserted in the conventional two-stage technique

and IMZ implants inserted in a one-stage technique (chapters 5

to 8), only minor clinical and radiographical differences

between the groups were found. The clinical results correspond

with those of studies evaluating two-stage implants inserted in

the common two-stage approach (Cox & Zarb 1987, Batenburg

et al. 1998, Heydenrijk et al. 1998) and in a one stage procedure

(Ericsson et al.1994, Bernard et al.1995, Barber et al. 1996). 

Especially during the critical osseointegration period it is

important to prevent the occurrence of adverse effects. In case

a healing abutment becomes loose it will cause irritation and

inflammation of the peri-implant tissues. Moreover, when an

abutment is lost an extra surgical procedure is required because

the mucosa tends to close within a few hours. This would 

discard the major advantage of inserting implants in a one-

stage procedure, i.e. that only one surgical procedure is neces-

sary. This would also be the case with peri-implant hyperplasia

or soft tissue overgrowth. When a crestal incision is used, there

is more chance for these adverse events. A labial flap may min-

imise the risk of developing hyperplasia or overgrowth. This

incision design also permits easy thinning of the peri-implant

mucosa and the vestibuloplasty results in a deeper labial fold,

thus contributing to better stabilisation of the lower denture.

In our investigation, the peri-implant mucosal aspects of two-

stage implants inserted in a one-stage procedure have been

shown to be as predictable as one-stage implants. The gingiva

and bleeding scores found in our comparative studies are com-

parable with those reported by previous studies using the same

criteria (Geertman et al. 1996, Heydenrijk et al. 1998, Meijer et

al. 1999). Probably, this relates to the performance and mainte-

nance of adequate oral hygiene based on the strict initial oral

hygiene program to which patients in these studies were sub-

jected. 

No information was available considering the initial bone level

because no standardised intra-oral radiographs could be made

immediately after implant insertion. Bone loss during the first

year of functioning has been described previously, and is relat-

ed to maturation of bone after implant insertion and adapta-

tion of bone to withstand functional forces (Adell et al. 1981,

van Steenberghe et al. 1999). An average annual bone loss of

0.2 mm after this period has been recognised as acceptable

(Albrektsson et al. 1986). Several studies described the peri-

implant bone changes in the second year of functioning reporting

a mean bone loss of approximately 0.1 mm (Adell et al. 1986,

Cox & Zarb 1987, Bower et al. 1989, Quirynen et al. 1991,

Versteegh et el. 1995, Lindquist et al. 1996, Weber et al. 2000).

It does not seem to be a coincidence to find relatively low

amounts of bone loss in the first year and high amounts of

bone loss in the second year of functioning in the present

study compared to the findings from the literature, since com-

parable amounts of bone loss were found in all of the three 131

Chapter 9 / General discussion and conclusions



groups. Probably, the high quality of the standardised radio-

graphs used in the present study is responsible for the different

outcomes. Long-term follow-up evaluations have to show

whether bone loss continues in the subsequent years. The

comparable amount of bone loss found in all groups also sug-

gests that the microgap between implant and abutment at

crestal level does not influence the amount of peri-implant

bone loss.

It was suggested that other factors like the composition of the

peri-implant microflora influences the amount of bone loss.

The peri-implant tissues of dental implants are colonised by a

large variety of oral microbial complexes. The microflora that is

present in the oral cavity before implantation determines the

composition of the newly establishing microflora around

implants. Implants with signs of deterioration (peri-implantitis)

show a microbiota resembling that of adult or refractory

periodontitis (chapter 3). However, it has been shown that

periodontal pathogens can be present in the subgingival area

around implants for a long period of time without resulting in

signs of destructive processes or implant failure. Local circum-

stances (e.g., unsatisfactory oral hygiene, bone defects, deep

pockets, overload) as well as systemic conditions (e.g., diabe-

tes mellitus, smoking, genetic factors) may be important contri-

buting factors as well.

In our studies, between-group differences primarily related to

microbiological issues. There was a striking trend towards higher

plaque, gingiva, calculus and bleeding scores with deeper 

probing pocket depth in the two-stage group, which might

explain the occurrence of B. forsythus and the higher frequency

of P. intermedia in this group. Several studies have shown

associations between clinical parameters and the peri-implant

microflora (Sanz et al. 1990, Mombelli & Mericske-Stern 1990,

Rams et al. 1991, Papaioannou et al. 1995, Danser et al. 1997,

Keller et al. 1998). However, in several other studies no correla-

tion was established between the frequency of any group of

microorganism and the clinical parameters (Lekholm et al.

1986, Adell et al. 1986, Apse et al. 1989, Mombelli et al. 1995,

Sbordone et al. 1999). Although suspected periodontal patho-

gens were identified at implant sites in the present study, the

clinical and radiological parameters were not indicative for

deterioration, suggesting that the presence of potential perio-

dontal pathogens around implants is not necessarily associated

with future attachment loss or implant failure. However, it is

possible that, like in the dentate situation, elevated numbers of

these bacteria ought to be present for extended periods of time

in order to have an adverse impact on the tissues (Mombelli et

al. 1995). In the implant literature there are indications that

implant failure is primarily at a patient level and secondarily at

implant level from a clinical or microbial perspective (Salcetti

et al. 1997, Kronström et al. 2000). The question of susceptibili-

ty to infection of peri-implant tissue in the presence of these

organisms might be answered in the long-term evaluation of

our patients.
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Conclusions and suggestions for future
research efforts

The results of this study indicate that dental implants designed

for a submerged implantation procedure can be used in a sin-

gle-stage procedure and may be as predictable as one-stage

implants. Although one-stage implant systems and two-stage

implant systems inserted in a single-stage procedure appear to

have comparable results, there are several advantages to use

the latter procedure:

• the surgeon only needs to have a two-stage implant sys-

tem in stock for executing both submerged and non-sub-

merged procedures;

• there is a possibility to switch from a non-submerge proce-

dure to a submerged procedure during the operation when

this appears to be preferable;

• during the osseointegration period the healing abutment

can be removed if the temporary prosthesis cannot be

adjusted in such a way that the implant will not be loaded;

• to provide the possibility to remove supramucosal and

transmucosal parts when the patient is not able to perform

a sufficient level of oral hygiene and when possible infec-

tions endanger the general health;

• when implants are inserted in patients who will receive

radiotherapy in the implant region in the foreseeable 

future.

Moreover, the coronal part of a two-stage implant is located at

the crestal level, giving the possibility for a more flexible emer-

gence profile of the transmucosal part.

The microgap at crestal level in non-submerged (two-stage)

implants appears to be of no importance in the establishment

of the subgingival microbial flora and crestal bone loss during

the first year of functioning, and, therefore, does not appear to

have an adverse effect on the amount of peri-implant bone

loss.

The peri-implant sulcus can and does harbour potential perio-

dontal pathogens without significant signs of tissue break-

down. The osseointegration period of implants remains a sub-

ject for further research. A minimum osseointegration period

reduces dental rehabilitation time with relevant satisfaction for

patients. With the introduction of titanium dental implants it

was recommended to leave implants unloaded for 6 months

after insertion. When the osseointegration process could be

related to bone quality, an osseointegration period of 3 months

was recommended for the mandible (dense bone) and a period

of 6 months for the maxilla (spongious bone). With the devel-

opment of new implant surfaces with better osteogenic capaci-

ty, the osseointegration period has been adapted. In addition,

immediate loading of implants with optimal primary stability

during insertion has been adopted. In these cases, it has been

recommended to use more than 2 implants in the edentulous

mandible connected by a bar construction to minimise move-

ments. Promising results were reported in the only prospective

clinical trial published so far, in which immediate loading of 4

implants placed in the interforaminal region of the mandible

has been studied (Claudio et al. 2000). Further research is need-

ed to determine the minimum number, length and diameter of

implants needed for immediate loading and to determine the

type of prosthetic appliance that is required.

Future research should also concentrate on problems with 133
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implants related to increasing age. No information is present

concerning implants in geriatric patients. This is a growing

group of patients who will be lost in the follow-up. Especially

in cases where patients with implant retained overdentures

loose their capacity to maintain proper oral hygiene problems

may arise. From our study it was concluded that there is no

apparent association between plaque accumulation, microbial

colonisation and marginal bone loss. However, it is imaginable

that in geriatric patients with implants, abundance of plaque

and calculus bring on problems like a higher risk for endocardi-

tis. Moreover, problems might arise when these patients are

not able to wear their dentures anymore. In these situations it

can be indicated to remove the suprastructure. Two-stage

implants (inserted in either one or two procedures) would be

more suitable in these cases, because the suprastructure can

be removed to a level beneath the mucosa. Well designed epi-

demiologic research should reveal problems with implants or

side effects of implants in this patient category.

Implant design of different manufacturers may extensively

differ. Due to adaptations of implant designs in recent years

the differences are decreasing. Manufacturers who originally

fabricated only two-stage implants, nowadays also fabricate

one-stage implants. Furthermore, one-stage implants with a

transmucosal part, which is partially roughened, are available

to make deeper insertion possible. In this way the implant can

be easily inserted in either a one-stage or a two-stage proce-

dure. All these adaptations make different implants more and

more similar to each other. Possibly, the outcomes of this

study will contribute to further adaptations in implant design

in developing the optimum implant.
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Many different endosseous implant systems are currently used

in oral implantology. Roughly, a distinction can be made

between implants inserted in a one-stage approach and a two-

stage approach. If an implant is inserted in a two-stage proce-

dure, the implant is submerged during the first surgical proce-

dure. During the second surgical procedure the soft tissue

covering the implant is reflected and after removing the cover-

ing screw, a transmucosal abutment is connected. At the junc-

tion between implant and abutment is a microgap, which is

situated at crestal level. By contrast, in a one-stage implant

system the transmucosal part is usually integrated into the

implant. The microgap in this implant type is situated a few

millimetres above crestal level. Despite these differences, both

types have been demonstrated to have highly predictable

favourable clinical outcomes. Insertion of implants in a one-

stage procedure has several advantages, however there are also

situations when it is favourable to insert implants in a two-

stage procedure (Chapter 1).

In a number of recent studies, applying two-stage implants in a

single surgical procedure has been reported to be promising. In

this way the advantages of both system types are combined.

Comparison of implant insertion procedures is only possible in

a clinical trial. No clinical trials have been published on the

healing phase and the subsequent functional phase comparing

one-stage implants with two-stage implants, which are inserted

in a single-stage, non-submerged, procedure. 

The general aim of this study was to evaluate in a clinical trial

the possibility of using a two-stage implant system in a one-

stage procedure. 

In Chapter 2 the results of a retrospective study on over-

dentures supported by two IMZ-implants in the lower jaw are

described.  Forty patients with overdentures supported by two

IMZ-implants in the lower jaw, inserted in the conventional

two-stage procedure, were included in an up to 8 years follow-

up study. Clinical and radiological parameters were assessed to

evaluate the implant success criteria previously defined by

Albrektsson et al.

The results indicate that most patients had healthy peri-

implant tissues. The mean pocket probing depth was 3.1 mm

and the median periotest value was -4. Three implants were

removed after the healing period and replaced by three new

implants. One implant was lost after six years. One implant

was mobile on palpation. None of the patients showed objec-

tive signs of dysaesthesia in lip or chin. The peri-implant bone

level, as measured on a rotational panoramic radiograph, had

remained stable of most implants after one year of service.

According to the Albrektsson-criteria, the overall success rate

was 94%. From this study it is, therefore, concluded that two

IMZ-implants connected with a bar in the lower jaw provide a

proper base for long-term support of a mandibular overden-

ture.

Chapter 3 provides an overview of the common peri-

implant microbiology and assesses, based on the evidence

available in the literature, whether bacteria associated with

periodontitis exert a possible risk for peri-implant tissue break-

down. Although high success rates for root-formed endosseous

implants have been reported, failures occur and implants have

to be removed. It has been suggested that at least 10% of the 141
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failures are due to peri-implantitis. There is some evidence that

periodontal pathogens, mainly belonging to the group of gram-

negative anaerobic rods, play a role in the aetiology of peri-

implantitis. The peri-implant area is colonised by a large varie-

ty of oral microbial complexes. The microflora of the oral cavity

before implantation determines the composition of the micro-

flora in the peri-implant area. The microflora of peri-implantitis

lesions resembles that of adult or refractory periodontitis. The

involved implants are colonised with large amounts of gram-

negative anaerobic bacteria, including Fusobacteria, spiroche-

tes, Bacteroides forsythus and ‘black pigmenting bacteria’ such

as Prevotella intermedia/nigrescens and Porphyromonas gingi-

valis. Also Actinobacillus actinomycetemcomitans can be isola-

ted from these lesions. The presence of periodontal pathogens

does not always lead to a destructive process, however.

Therefore, the etiologic role of specific microorganisms in

implants failing due to infection is still not solved. It remains

controversial to what extent organisms recovered from the orig-

inal microflora cause the failure or merely are a result or 

manifestation of the infection. Nevertheless, there is growing

evidence that bacteria cause the disease, but the individual’s

genetic make-up and environmental influences determine the

severity of the disease. 

The aim of Chapter 4 was to compare the crestal incision

with the labial flap design when inserting a two-stage implant

system in a non-submerged procedure. Ten consecutive eden-

tulous patients with a severely resorbed mandible (Cawood

class V-VI) resulting in reduced stability and insufficient reten-

tion of the lower denture were included. In all patients, two

IMZ-implants were inserted in a one-stage procedure in the

mandibular canine regions as part of an implant overdenture

treatment. In 5 patients the labial flap approach was used and

a crestal incision approach was used in the other 5 patients.

Standardised evaluations were performed at 2, 6 and 12 weeks

after implant placement and 12 months after placement of the

overdenture. In the first post-operative weeks, more hyperpla-

sia occurred around the implants inserted by the crestal inci-

sion, resulting in overgrowth of 3 implants. After one year of

function no striking differences between the two groups were

present with regard to the clinical and radiographic parame-

ters. From this pilot study it can be concluded that both the

crestal incision and the labial flap approach are reliable proce-

dures for insertion of IMZ implants in a one-stage procedure.

However, because of the smaller risk of soft tissue overgrowth,

there is a preference for the labial flap approach.

The aim of the prospective clinical trial, described in 

Chapter 5, was to compare peri-implant clinical parameters

following the insertion of non-submerged two-stage implants

and one-stage implants during the healing period. Forty eden-

tulous patients were randomly assigned to an IMZ-group (20

patients receiving two IMZ two-stage implants inserted in a

one-stage procedure) or an ITI-group (20 patients receiving two

ITI-implants inserted in the conventional one-stage procedure).

The implants were inserted in the mandible for overdenture

treatment. After an osseointegration period of twelve weeks an

overdenture with a bar-clip attachment system was made.

Clinical examination was executed 2, 6, 12 and 18 weeks after

implant insertion. None of the implants were lost during the142
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healing period. There was no significant difference in gingiva-

index between the two groups at all evaluation periods. A high

number of healing abutments loosened in the IMZ-group. From

this study it can be concluded that the healing period of two-

stage implants inserted in a one-stage procedure may be as

predictable as one-stage implants.

The aim of the study in Chapter 6 was to evaluate the feasi-

bility of using a two-stage implant system in a single-stage pro-

cedure and to study the impact of the microgap at crestal level

and to monitor the microflora in the peri-implant area. Forty

edentulous patients (Cawood & Howell class V-VI) participated

in this study. After randomisation, 20 patients received 2 IMZ-

implants inserted in a single-stage procedure and 20 patients

received 2 ITI-implants. After 3 months, overdentures were

fabricated supported by bar and clip attachment. A standardi-

sed clinical and radiographic evaluation was performed imme-

diately after denture insertion and 6 and 12 months thereafter.

Twelve months after loading, peri-implant samples were collect-

ed with sterile paper points and analysed for the presence of

putative periodontal pathogens using culture techniques. One

IMZ-implant was lost due to insufficient osseointegration. With

regard to the clinical parameters at the 12 months evaluation,

significant differences for plaque score and probing pocket

depth (IMZ: mean 3.3 mm, ITI: mean = 2.9 mm) were found

between the two groups. The mean bone loss in the first year of

functioning was 0.6 mm for both groups. Prevotella intermedia

was detected more often in the ITI group (12 implants), than in

the IMZ-group (3 implants). Porphyromonas gingivalis was

found in 3 patients. In one of these patients an implant showed

bone loss of 1.6 mm between T0 and T12. Some associations

were found between clinical parameters and the target micro-

organisms in the ITI-group. These associations were not pre-

sent in the IMZ- group. The short-term results indicate that

two-stage implants inserted in a single-stage procedure may be

as predictable as one-stage implants. The microgap at crestal

level in non-submerged IMZ-implants seems to have no ad-

verse influence on the peri-implant microbiological colonisation

and of crestal bone loss in the first year of functioning. The

peri-implant sulcus can and does harbour potential periodon-

tal pathogens without signs of peri-implantitis during the eval-

uation period of one year. 

The aim of the study in Chapter 7 was to evaluate the feasi-

bility of using a two-stage implant system in a one-stage proce-

dure and to monitor the microflora in the peri-implant area in

relation to clinical and radiographic outcome. After randomisa-

tion forty edentulous patients (Cawood & Howell class V-VI)

received two IMZ-implants in the anterior mandible inserted by

either an one-stage (n=20) or a two-stage (n=20) surgical pro-

cedure for overdenture treatment. A standardised clinical and

radiographic evaluation was performed after denture insertion

as well as 6 and 12 months thereafter. Twelve months after load-

ing, peri-implant samples were collected and analysed for the

presence of putative periodontal pathogens using culture tech-

nique. No striking differences were found between the two

groups with regard to the clinical parameters during the evalu-

ation period. The mean bone loss in the first year of function-

ing was 0.6 mm in both groups. With regard to the gingiva

score, plaque score, bleeding score or bone loss between T0 143
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and T12, no associations were found with the presence of the

cultured microorganisms. An association was present between

pockets ≥ 4 mm and the presence of Peptostreptococcus

micros in the two-stage group. The short-term results indicate

that two-stage implants inserted in a one-stage procedure may

be as predictable as inserted in the common two-stage proce-

dure. The peri-implant sulcus can and does harbour potential

periodontal pathogens without significant signs of tissue break-

down. 

The aim of the study in Chapter 8 was to evaluate the feasi-

bility of using a two-stage implant system in a single-stage pro-

cedure and to study the impact of the microgap between

implant and abutment during a two-years evaluation period.

Sixty edentulous patients (Cawood class V-VI) participated in

this study. After randomisation, 20 patients received 2-IMZ

implants inserted in a single-stage procedure, 20 patients

received 2-IMZ implants inserted in the traditional two-stage

procedure and 20 patients were treated with 2 ITI-implants. The

implants were inserted in the canine area of the mandible.

After 3 months, mandibular overdentures were fabricated sup-

ported by bar and clip attachment. A standardised clinical and

radiographic evaluation was performed immediately after den-

ture insertion and 12 and 24 months thereafter. One IMZ-

implant of the one-stage group and one IMZ-implant of the

two-stage group were lost after 6 and 12 months respectively.

No striking differences were found between the three groups

with regard to the clinical parameters during the evaluation

period. The mean bone loss in the first 2 years of functioning

was comparable for the three groups (1.1 mm IMZ one-stage,

0.8 mm IMZ two-stage, 1.2 mm ITI). The results of this study

indicate that dental implants designed for a submerged

implantation procedure can also be used in a single-stage pro-

cedure and may be as predictable as used in a two-stage proce-

dure or one-stage implants. The microgap at crestal level in

two-stage implants seems to have no inverse effect to the

amount of peri-implant bone loss. 
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De tandheelkundige implantologie heeft zich de afgelopen vijf-

endertig jaar sterk ontwikkeld. Aanleiding tot deze ontwikkeling

was de toenemende behoefte aan verbeterde behandeling van

klachten die samenhangen met de ‘loszittende’ gebitsprothese

als gevolg van een sterk geresorbeerde (geslonken) kaak. Een

tandheelkundig implantaat (‘kunstwortel’) is een vast in het

kaakbot verankerde pijler, die als steun kan dienen voor een

gebitsprothese. 

De bestaande implantatietechnieken kunnen ruwweg in twee

typen worden verdeeld: de twee-fasen techniek en de één-fase

techniek (Figuur 1.1). Tijdens de eerste fase van de twee-fasen

techniek wordt het implantaat geheel in het bot geplaatst,

waarna het tandvlees eroverheen wordt gehecht. Hierna volgt

de zogenaamde osseointegratieperiode, gedurende welke het

omliggende bot zodanig moet genezen dat het implantaat vast

in het bot komt te zitten. Tijdens de tweede fase legt de kaak-

chirurg het implantaat vrij en plaatst hierop een opbouw die

door het tandvlees heen steekt (Figuur 1.2). Hierop kunnen ver-

dere opbouwen (zogenaamde suprastructuren) worden

geplaatst. Een voorbeeld van een implantaat dat middels deze

techniek wordt geplaatst is het IMZ implantaat. Op de overgang

van implantaat naar de eerste opbouw zit een microspleet die

op botniveau is gelegen.

Bij de één-fase techniek wordt een implantaat geplaatst waarin

de eerste opbouw is geïntegreerd (Figuur 1.3). Het implantaat

steekt na het plaatsen direct al door het tandvlees. Er hoeft dus

geen tweede ingreep plaats te vinden.  Na een genezingsperio-

de kunnen hierop verdere opbouwen worden geplaatst. Een

voorbeeld van een implantaat die in één fase wordt geplaatst is

het ITI implantaat. De microspleet tussen implantaat en

opbouw zit bij deze techniek enkele millimeters boven het bot-

niveau. 

Zowel de één-fase als de twee-fasen techniek laat een goede

klinische prognose zien. Het plaatsen van een implantaat mid-

dels de één-fase techniek biedt echter duidelijke voordelen.

Eén chirurgische ingreep is minder belastend voor de patiënt

dan twee ingrepen en is bovendien kostenbesparend.

Niettemin zijn er ook situaties waarbij de twee-fasen techniek

de voorkeur verdient, bijvoorbeeld als een implantaat moet

worden geplaatst waarbij aan de esthetiek hoge eisen worden

gesteld, als gelijktijdig met het plaatsen van een implantaat

een kaakbotopbouw noodzakelijk is, of bij patiënten die radio-

therapie ondergaan. 

Nieuw is het plaatsen van een twee-fasen implantaat in één

chirurgische ingreep (Figuur 1.4). Dit kan wanneer direct na het

plaatsen van een het implantaat de eerste opbouw die door het

tandvlees heen steekt wordt bevestigd. Deze techniek is aan-

trekkelijk omdat het de voordelen van beide eerder beschreven

technieken combineert.

In dit proefschrift wordt deze nieuwe, gecombineerde techniek

voor het eerst systematisch vergeleken met de gevestigde één-

fase en twee-fasen technieken. Zo is er gekeken naar de ver-

schillende genezingsfasen, naar de invloed van het niveau van

de microspleet en naar de invloed van bacteriegroei rond de

implantaten. De microspleet is een belangrijk punt van discus-

sie omdat deze mogelijk van invloed is op de hoeveelheid bot-

verlies die zich rond een implantaat ontwikkelt. Als deze rand

spleet zich op botniveau bevindt (zoals bij twee-fasen implan-

taten) zou dit tot meer botverlies aanleiding kunnen geven dan

wanneer de spleet zich enkele millimeters boven het botniveau 149
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bevindt (zoals bij één-fase implantaten). Mogelijk dat bacteriën

die zich in de randspleet bevinden hierbij een rol spelen.

Samengevat is het doel van dit onderzoek:

• het vaststellen van het succes van twee 2-fasen implanta-

ten als steun voor een gebitsprothese in de onderkaak op

de lange termijn;

• het vergelijken van twee verschillende chirurgische bena-

deringstechnieken om 2-fasen implantaten in één-fase te

plaatsen;

• vast te stellen of het mogelijk is om 2-fasen implantaten in

één-fase te plaatsen en of het beloop van in één-fase

geplaatste 2-fasen implantaten minstens even gunstig is

met betrekking tot de conditie van het tandvlees en bot als

in twee fasen geplaatste 2-fasen implantaten respectieve-

lijk 1-fase implantaten;

• vast te stellen welke micro-organismen aanwezig zijn rond-

om 2-fasen implantaten die in één-fase zijn geplaatst, met

name in het gebied van de microspleet en de betekenis

daarvan.

In Hoofdstuk 2 worden de resultaten beschreven van een

retrospectief onderzoek naar het succes van IMZ implantaten

onder een overkappingsprothese op lange termijn. Een over-

kappingsprothese is een volledige gebitsprothese die onder-

steund wordt door pijlers die in de kaak zijn gefixeerd. In dit

onderzoek werden veertig edentate (tandenloze) patiënten

onderzocht, bij wie twee IMZ implantaten op de gebruikelijke

manier (dat wil zeggen: in  twee-fasen) waren geplaatst.

Voorafgaand aan de behandeling hadden alle patiënten proble-

men met de retentie en stabiliteit van hun gebitsprothese. Het

onderzoek beschrijft de resultaten van een evaluatie die 5 tot 8

jaar na het plaatsen van de implantaten werd uitgevoerd.

Klinische en röntgenologische parameters werden verzameld

om het succes van de implantaten vast te stellen volgens de

criteria van Albrektsson (1988). De resultaten laten zien dat

bijna alle patiënten een gezonde peri-implantaire mucosa

(tandvlees rondom de implantaten) hadden. Van de 80 implan-

taten moesten er drie direct na de genezingsfase wegens insta-

biliteit worden verwijderd; bij deze patiënten werden met suc-

ces nieuwe implantaten geplaatst. Eén implantaat was zes jaar

na het plaatsen verloren gegaan. Tijdens de evaluatie zijn

panorama-röntgenopnamen gemaakt om het botniveau rond

de implantaten te beoordelen. Het botniveau bleek stabiel te

zijn gebleven in vergelijking met het niveau op de röntgenop-

namen die één jaar na het functioneel worden van de implanta-

ten waren gemaakt. Gemeten volgens de Albrektsson-criteria

was het implantaatsucces 94%. Op grond van deze resultaten

werd geconcludeerd dat twee IMZ implantaten in de edentate

onderkaak, verbonden door een staaf, gedurende lange tijd een

solide retentie vormen voor een overkappingsprothese.

Hoofdstuk 3 geeft een overzicht van de kennis over bacte-

riegroei rond implantaten. Op grond van de literatuur wordt de

hypothese onderzocht of bacteriesoorten die tandvleesontste-

king (parodontitis) veroorzaken ook verantwoordelijk kunnen

zijn voor ontstekingen met botkraters rond een implantaat

(peri-implantitis). In ongeveer 10% van de implantaten die ver-

loren gaan blijkt sprake te zijn van peri-implantitis. In het

gebied rond een implantaat bevindt zich een grote variëteit aan

micro-organismen. De microflora die in de mond aanwezig is150
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vóór de implantatie bepaalt de samenstelling van de microflora

in de latere peri-implantaire sulcus (de ruimte tussen implan-

taat en tandvlees). De microflora die in botdefecten rond

implantaten wordt gevonden lijkt op de flora die gevonden

wordt bij mensen met parodontitis. De betrokken implantaten

zijn gekoloniseerd met grote aantallen gramnegatieve, anaëro-

be bacteriën, waaronder Fusobacteriën, spirocheten, Bacteroides for-

sythus, en “zwart gepigmenteerde’’ bacteriën, zoals Prevotella

intermedia, Prevotella nigrescens en Porphyromonas gingivalis. Ook

Actinobacillus actinomycetemcomitans kan uit deze defecten worden

geïsoleerd. De aanwezigheid van paropathogenen leidt echter

niet altijd tot een destructief proces. Daarom is de oorzakelijke

rol van specifieke micro-organismen bij verlies van implantaten

nog niet geheel duidelijk. Het blijft controversieel of de micro-

organismen de oorzaak zijn van het implantaatverlies of juist

het resultaat zijn van aanwezige gunstige omstandigheden voor

bacteriegroei rondom het implantaat als er een botdefect is. Er

is steeds meer bewijs dat specifieke bacteriën in combinatie

met genetische factoren en omgevingsfactoren bepalen of en in

welke mate peri-implantitis ontstaat.

In Hoofdstuk 4 worden de resultaten beschreven van een

prospectieve pilotstudie, waarvan het doel was de meest gun-

stige chirurgische benadering bij het plaatsen van een twee-

fasen implantaat in één fase te bepalen. Daartoe werd een ver-

gelijking gemaakt tussen een incisie (snede) over de top van de

kaak (deze benadering is gebruikelijk bij het plaatsen van één-

fase implantaten) en een incisie door de labiale omslagplooi

(lipzijde van de kaak), zoals bij het plaatsen van implantaten in

twee fasen gebruikelijk is. De incisies worden gemaakt om hier-

na het tandvlees op te klappen, waardoor het kaakbot toegan-

kelijk wordt voor het plaatsen van implantaten. Tien patiënten,

allen met een ernstig geresorbeerde edentate onderkaak

(Cawood klasse V-VI) en problemen met de retentie en stabili-

teit van de onderprothese, werden onderzocht. Bij alle patiën-

ten werden twee IMZ implantaten geplaatst in de hoektandre-

gio van de onderkaak via de één-fase techniek, bij vijf patiënten

via een labiale incisie en bij vijf patiënten via een topincisie.

Alle implantaten werden op botniveau geplaatst waarop een

tijdelijke opbouw (healing abutment) werd bevestigd. Twee, zes

en 12 weken na het implanteren werden gestandaardiseerde

evaluaties uitgevoerd. Twaalf maanden na het plaatsen van de

prothese werd de conditie van implantaat en omgeving nog-

maals geëvalueerd. Tijdens de eerste post-operatieve weken

was er vaker  hyperplasie (zwelling) van het tandvlees rond de

implantaten met de topincisie; dit leidde bij drie implantaten

tot overgroei van het tandvlees. Bij deze drie implantaten was

een extra ingreep nodig om ze weer vrij te leggen. Twaalf maan-

den na het plaatsen van de prothese waren er geen noemens-

waardige klinische en röntgenologische verschillen tussen de

twee groepen. Uit deze pilotstudie kan worden geconcludeerd

dat zowel de topincisie als de labiale incisie betrouwbare chi-

rurgische benaderingen zijn voor het plaatsen van twee-fasen

implantaten via een één-fase techniek. Door de kleinere kans

op overgroei is er echter een voorkeur voor de labiale incisie.

In de prospectieve ‘clinical trial’, beschreven in 

Hoofdstuk 5, werd gedurende de genezingsfase van 

3 maanden de klinische conditie van het peri-implantaire weef-

sel rond  één-fase implantaten en twee-fasen implantaten 151
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geplaatst middels de één-fase techniek vergeleken. Patiënten

werden willekeurig toegewezen aan een IMZ groep (20 patiën-

ten die twee IMZ implantaten kregen, geplaatst middels een

één-fase techniek) of aan een ITI groep (20 patiënten die twee

ITI implantaten kregen, geplaatst middels de gebruikelijke één-

fase techniek). Na een osseointegratie periode van 3 maanden

werd een overkappingsprothese met een staaf-clip bevestiging

gemaakt. Alle implantaten groeiden goed vast. Er was geen sig-

nificant verschil in de gingiva index tussen de twee groepen tij-

dens de verschillende evaluatietijdstippen. Tijdens de gene-

zingsfase raakte een deel van de op de IMZ implantaten aange-

brachte opbouwen los die dan weer moesten worden vastge-

draaid. Uit deze studie kan worden geconcludeerd dat het

genezingsproces van twee-fasen implantaten geplaatst middels

een één-fase techniek vergelijkbaar verloopt met dat van één-

fase implantaten. 

In Hoofdstuk 6 wordt de toepasbaarheid van twee-fasen

implantaten geplaatst via een één-fase techniek geëvalueerd en

wordt de invloed van de microspleet in relatie tot de aanwezige

van microflora bestudeerd. Edentate patiënten werden wille-

keurig toegewezen aan een IMZ groep (20 patiënten die twee

IMZ implantaten kregen, geplaatst middels een één-fase tech-

niek) of aan een ITI groep (20 patiënten die twee ITI implanta-

ten kregen, geplaatst middels de gebruikelijke één-fase tech-

niek). Na een osseointegratie periode van 12 weken werd een

overkappingsprothese met staaf-clip bevestiging gemaakt.

Gestandaardiseerde klinische en röntgenologische evaluatie

werden uitgevoerd direct na het plaatsen van de overkappings-

prothese, na zes maanden en na twaalf maanden. Tevens werd

na twaalf maanden een microbiologische test verricht om de

aanwezige microflora rond de implantaten te analyseren op de

aanwezigheid van paropathogene micro-organismen.

Eén IMZ implantaat bleek na de genezingsfase niet goed vast

gegroeid te zijn. Na twaalf maanden werd bij de IMZ groep sig-

nificant meer plaque op de implantaten gevonden en ook een

significant diepere sulcus gezien (gemiddelde in IMZ groep: 3,3

mm; gemiddelde in ITI groep: 2,9 mm). Het gemiddelde botver-

lies rond de implantaten in het eerste jaar bedroeg 0,6 mm in

beide groepen. Prevotella intermedia werd vaker aangetroffen in de

ITI groep (bij 12 implantaten) dan in de IMZ-groep (bij 3

implantaten). Porphyromonas gingivalis werd gevonden bij 3

patiënten uit de ITI groep. Bij één van deze patiënten werd

gedurende het eerste jaar relatief veel (1,6 mm) botverlies

gemeten. Er werd een relatie gevonden tussen klinische para-

meters en de aanwezigheid van bepaalde micro-organismen in

de ITI groep. Deze relatie was niet aanwezig in de IMZ groep. 

Hoewel tussen de groepen enkele verschillen werden gevon-

den, laat deze studie zien dat de microspleet op botniveau bij

de IMZ implantaten geen negatieve invloed heeft op de koloni-

satie met micro-organismen of op eventueel peri-implantair

botverlies tijdens het eerste jaar van functioneren. Potentiële

paropathogene micro-organismen kunnen zich klaarblijkelijk

rond de implantaten bevinden zonder dat dit leidt tot peri-

implantitis.

In Hoofdstuk 7 werden IMZ implantaten geplaatst via de

één-fase techniek vergeleken met IMZ implantaten die werden

aangebracht via de gebruikelijke twee-fasen techniek. In beide

groepen werden klinische en röntgenologische parameters152
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meteen na het plaatsen van de overkappingsprothese gemeten

en ook na 6 en 12 maanden. Tevens werd net als in hoofdstuk 6

na twaalf maanden een microbiologische test verricht; de rela-

tie tussen klinische parameters en de aanwezigheid van bepaal-

de micro-organismen werd onderzocht. Patiënten werden wille-

keurig toegewezen aan een IMZ één-fase groep (20 patiënten

die twee IMZ implantaten kregen, geplaatst middels een één-

fase techniek) en aan een IMZ twee-fasen groep (20 patiënten

die twee IMZ implantaten kregen, geplaatst middels de “con-

ventionele” twee-fasen techniek). Na een osseointegratie perio-

de van 12 weken werd een overkappingsprothese met staaf-clip

bevestiging gemaakt. Na één jaar werden geen belangrijke klini-

sche verschillen tussen de groepen gevonden. Het gemiddelde

botverlies in het eerste jaar na plaatsen van de prothese was

0,6 mm in beide groepen. Met betrekking tot de gingiva-index,

de plaque-index, de bleeding-index en het botverlies werd geen

relatie gevonden met de aanwezigheid van bepaalde micro-

organismen. Wel kon in de IMZ twee-fasen groep een relatie

aangetoond worden tussen een sulcus diepte groter of gelijk

aan 4 mm en de aanwezigheid van Peptostreptococcus micros. De

resultaten laten zien dat twee-fasen implantaten geplaatst mid-

dels een één-fase techniek even goed blijken te functioneren

als implantaten geplaatst middels een twee-fasen techniek.

Ook hier blijkt dat de peri-implantaire sulcus potentiële paro-

pathogene micro-organismen kan herbergen zonder peri-

implantitis te vertonen.

In Hoofdstuk 8 worden de klinische en röntgenologische

resultaten gepresenteerd van dezelfde 60 patiënten als

beschreven in de Hoofdstukken 6 en 7, maar dan over een lang-

ere evaluatieperiode. Na twee jaar werden drie groepen verge-

leken, namelijk: een IMZ één-fase groep (20 patiënten die twee

IMZ implantaten kregen, geplaatst middels een één-fase tech-

niek), een IMZ twee-fasen groep (20 patiënten die twee IMZ

implantaten kregen, geplaatst middels de gebruikelijke twee-

fasen techniek) en een ITI groep (20 patiënten die twee ITI

implantaten kregen, geplaatst middels de gebruikelijke één-

fase techniek). 

Ook na een evaluatie periode van twee jaar werden geen

belangrijke klinische verschillen tussen de drie groepen gevon-

den. Het gemiddelde botverlies na twee jaar was vergelijkbaar

in de drie groepen (1,1 mm in de IMZ één-fase groep, 0,8 mm

in de IMZ twee-fasen groep, 1,2 mm in de ITI groep). De resul-

taten laten zien dat de drie vergeleken implantaat-techniek

combinaties qua succes na een periode van twee jaar een ver-

gelijkbaar resultaat opleveren. 
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Uit dit proefschrift als geheel kan worden geconcludeerd dat

twee-fasen implantaten geplaatst middels een één-fase tech-

niek even goed functioneren als conventionele één-fase

implantaten en twee-fasen implantaten geplaatst met behulp

van de gebruikelijke twee-fasen techniek. De plaats van de

microspleet op botniveau blijkt geen negatief effect te hebben

op de hoeveelheid botverlies. Omdat het plaatsen van twee-

fasen implantaten middels een één-fase techniek de belangrij-

ke voordelen van de één-fase techniek combineert met de

mogelijkheden en de flexibiliteit van de twee-fasen techniek,

verdient het gebruik van twee-fasen implantaten middels de

één-fase techniek de voorkeur. De besparing van kosten en tijd

en het gebruik van één implantaatsysteem voor alle ingrepen

geven een aanzienlijke additionele waarde aan deze nieuwe

methode.
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Na mijn tandartsexamen wilde ik graag kaakchirurg te worden.

Vele studiegenoten deden voorafgaande aan de opleiding nog

een promotie onderzoek. Dat leek mij niets. Tijdens mijn solli-

citatiegesprekken zei ik dan ook  steeds dat ik vastbesloten was

geen onderzoek te doen. Ik wou namelijk klinisch werk doen,

niet de hele dag achter een bureau zitten.

Tot dat ik als projectmedewerker het promotie onderzoek van

collega Rutger Batenburg ging ondersteunen. Ik kreeg er gaan-

deweg steeds meer inzicht in wat “onderzoek doen” inhield en

ik ontdekte warempel ook de aantrekkelijke kanten ervan! En

voordat ik het in de gaten had, deed ik zelf onderzoek. Met veel

plezier!

Dankzij het stimulerende onderzoeksklimaat op de afdeling

Mondziekten, Kaakchirurgie en Bijzondere Tandheelkunde van

het Academisch Ziekenhuis Groningen heb ik dit promotie

onderzoek kunnen opzetten. 

Zestig patiënten includeren, behandelen en vervolgen en daar-

na de gegevens verwerken was een enorme klus, die ik zonder

de hulp van velen niet had kunnen uitvoeren. Een aantal men-

sen wil ik met name noemen.

Professor de Bont; beste Lambert. Ik was de eerste assistent die

onder jouw hoogleraarschap is begonnen met de opleiding tot

kaakchirurg. Een periode waarin ik veel heb geleerd en waar ik

met veel genoegen op terug kijk. Het stimulerende onderzoeks-

klimaat binnen de afdeling heeft mij enthousiast gemaakt voor

het opzetten van een klinisch onderzoek en heeft mij de moge-

lijkheid geboden dit goed te kunnen uitvoeren. Voor beide

aspecten wil ik je van harte bedanken.

Dr. Raghoebar; beste Gerry.  Direct na mijn tandartsexamen

betrok jij mij actief bij de activiteiten op de afdeling. Met jouw

vakmanschap en opbouwende kritiek stimuleerde je mij enorm

in mijn onderzoek en in mijn werk als kaakchirurg. Daar ben ik

je daar zeer dankbaar voor. Als fotograaf zal ik geen carrière

maken, maar als kaakchirurg hoop ik nog heel lang met jou

samen te werken.    

Dr. Meijer; beste Henny.  Jouw röntgenfoto’s leverde de belang-

rijkste gegevens op voor dit onderzoek. Heel veel dank daar-

voor. Ook wil ik je bedanken voor de vele gezellige onderzoeks-

ochtenden waarin wij heel wat appeltaart naar binnen hebben

gewerkt. Dat er nog maar veel appeltaarten mogen volgen. 

Dr. Stegenga; beste Boudewijn. Jouw statistische en taalkundi-

ge bijdragen aan dit boekje is enorm geweest. Tijdens onze

lange sessies op jouw kamer wist jij mijn ‘wartaal’ op ver-

bluffende wijze in begrijpelijke taal om te zetten. Deze bijeen-

komsten hebben voor mij meer dan  alleen vakinhoudelijke

betekenis gekregen. Met jouw creatieve geest en positieve

instelling heb je mij geholpen een mening over de meest uit-

eenlopende zaken te vormen. Ik hoop dat onze vriendschap nog

lang voortduurt.

Prof. Quirynen. Hartelijk dank dat u zitting heeft willen nemen

in de promotiecommissie en ik ben zeer verheugd dat u bereid

bent op 23 april een voordracht te houden.

Prof. Busscher en Prof. Tuinzing. Veel dank ben ik u verschul-

digd voor de vlotte beoordeling van het manuscript. 159
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Dr. van Winkelhoff en dr. van der Reijden; beste Arie-Jan en

Willy. De samenwerking met jullie en jullie medewerkers verliep

altijd erg soepel. Jullie hebben mij wegwijs gemaakt in de paro-

pathogenen. Ik denk dat door jullie inbreng het onderzoek

uniek is geworden.

Dr. Batenburg; beste Rutger. Ik kan me de avond dat jij me

belde met het verzoek jouw onderzoek te komen ondersteunen

nog goed herinneren. Dit was het begin van een intensieve

samenwerking. Op het moment dat ik begon met de opleiding

was jij oudste assistent. Er kwamen enorm veel dingen op mij

af. Dankzij jouw suggesties ben ik daar goed doorheen geko-

men. Ik heb veel geleerd van jouw bekwaamheid  als onderzoe-

ker en als kaakchirurg. Ik vond het dan ook een voorrecht om

jou op te volgen als staflid in de implantologie.

Dr. Vissink; beste Arjan. Het tempo en de manier waarop jij

structuur in een stuk kan krijgen blijft ongelofelijk. 

Mevrouw Brouwer; beste Inez. Ik wil je heel hartelijk bedanken

voor je enorme inzet om logistiek de patiëntenstroom vlekke-

loos te laten verlopen. Jouw persoonlijke warme interesse in

mensen kwam recht uit je hart. Dat maakt jou tot een bijzonde-

re collega, ik heb dan ook heel prettig met je samengewerkt. Ik

hoop dat we dit de komende jaren kunnen continueren.

Mevrouw Valkema, mevr. Bulk, mevr. Houwing, mevr.

Veenkamp, mevr. Kreeft; Beste Ingrid, Susan, Atie, Ria en

Karien. Mijn onderzoek bracht in de beginfase veel extra werk

voor jullie met zich mee. Heel veel dank voor de manier waarop

jullie dit hebben uitgevoerd en voor de prettige samenwerking

tijdens mijn implantologie periode.

Mevrouw Stokman, mevr. van der Lei, mevr. de Jong, mevr.

Dijkstra, mevr. Schokkenbroek; beste Monique, Hester, Irenke,

Corrie en Ada. Onderzoek op de vrijdagochtend betekende voor

jullie vaak dubbel ingepland staan. Dit hield in dat jullie van de

afdeling radiotherapie of kinderkliniek voor mij extra terug

moesten komen naar de poli. Zou het mogelijk zijn dat er dank-

zij jullie professionele regime zo weinig paropathogenen zijn

gevonden? Heel veel dank voor jullie inzet.

Mevrouw Wolthuis en dhr de Jonge; beste Karin en Harry.

Bedankt voor al jullie hulp.

Dhr. Wietsma; beste Anne. Altijd stond je klaar om een klus uit

te voeren of een oplossing voor een technisch probleem te

bedenken. Als een klus voor jou zelfs te specifiek was, had je

wel een adres waar met dezelfde precisie gewerkt werd. Heel

veel dank voor je toegankelijkheid en prettige samenwerking.

Dhr van Dijk; beste Gerrit. Graag wil ik je bedanken voor het

vakkundig vervaardigen van alle suprastructuren en protheses

bij de onderzoekspatiënten. In Groningen was het prettig met

jou samen te werken. Ik hoop via het Centrum Bijzondere

Tandheelkunde in Leeuwarden nog vele mooie resultaten met

je te boeken.

Alle overige medewerkers van de afdeling Mondziekten,

Kaakchirurgie en Bijzondere Tandheelkunde. Ook al zal ik het 160
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onderzoek de komende jaren continueren en zullen jullie mij

nog geregeld op de afdeling zien rondlopen, toch zie ik mijn

promotie als een afscheid uit Groningen. Ik heb alle jaren met

veel plezier op de afdeling gewerkt. Ik wil jullie dan ook van

harte bedanken voor de goede samenwerking en de gezellig-

heid. 

Jacobien. In tegenstelling tot vroegere tijden ben je nu pas aan

het eind van mijn onderzoek ingezet. Desalniettemin is jouw

bijdrage aan dit boekje zeker zo groot als je bijdrage aan mijn

spreekbeurten ‘Oosterschelde windkracht 10’.  Bedankt dat je

je, op grote afstand, toch zo nauw betrokken voelt bij mijn

werk. Eytan, ook jou wil ik hartelijk danken voor je bijdrage aan

dit proefschrift.  

Tonny en Andy. Waar vind je zulke paranimfen. Eén organisato-

rische talent en één vaktechnisch talent. Hartstikke bedankt.

Pa en Ma. Jullie creëerden de omstandigheden waarin ik me

veilig voelde en me kon ontplooien. De aandacht en zorg die ik

van jullie heb meegekregen hoop ik te kunnen overdragen op

mijn kinderen.

Maaike en Loete. Ik ben trots op jullie.

Corry. Ik hou van je.
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de jaar begon hij met de studie tandheelkunde aan de

Rijksuniversiteit Groningen. In 1991 behaalde hij het tandarts-

examen waarna hij startte de studie geneeskunde. In die tijd

was hij tevens werkzaam als waarnemend tandarts in diverse

praktijken en werkzaam als projectmedewerker bij de afdeling

Mondziekten, Kaakchirurgie en Bijzondere Tandheelkunde van
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hij de opleiding tot specialist in de Mondziekten en
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