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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
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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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