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Stellingen behorende bij het proefschrift: 

PROVISIONAL IMPLANT-SUPPORTED RESTORATIONS IN THE AESTHETIC ZONE 

ASSESSMENT OF MATERIAL PROPERTIES AND BIOFILM 

1. Om de occlusale slijtage van een tijdelijke kroon laag te houden, dient indirect composiet 
boven polymethylmethacrylaat als veneer verkozen te worden (dit proefschrift). 

2. Het gebruik van het Straumann Bone Level lmplantaatsysteem leidt na 18 maanden tot 
uitstekende klinische resultaten en stabiele botniveaus (dit proefschrift). 

3. Om het aantal levende bacterien op tijdelijke kronen zo laag mogelijk te houden valt het 
gebruik van zirkonium met opgebakken porselein te prefereren boven 
polyetheretherketoon geveneerd met indirect composiet (dit proefschrift). 

4. In deze tijd van steeds verder oprukkende digitalisering zou overwogen moeten worden 
het papieren proefschrift af te schaffen. 

5. Het gebruik van brandhout als verwarmingsbron zou in het kader van de energiebesparing 
gepropageerd dienen te worden aangezien het een mens drie keer kan verwarmen: tijdens 
het zagen, tijdens het kloven en tijdens het stoken. 

6. De term "evenhoevigen" is een pleonasme daar alle hoefdieren een even aantal hoeven 
hebben. 

7. Het valt te hopen dat de terugkeer van de wolf geen voorbode is voor een toename van 
het aantal tandwolfmeldingen. 

8. De meeste protheseklachten had den voorkomen kunnen worden door goede zelfzorg. 

9. De overheid zou alleen de prijs van zorg mogen bepalen die ook door de overheid vergoed 
wordt. 

10. The problem with socialism is that eventually you run out of other people's money 
(Margaret Thatcher). 

Eric Santing, 11 december 2013 

---

______ , 
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GENERAL INTRODUCTION 

Implant-supported restorations have evolved into a first choice for replacing missing 
or failing maxillary anterior teeth. When indicated and treated properly, the results 
are predictable.1•3 Although implant dentistry for prosthodontic rehabilitation of single 
missing teeth has become routine, restoring anterior teeth in the aesthetic region with 
implant-supported restorations that mimic adjacent natural teeth including a well-bal
anced, harmonized soft tissue is still a clinical challenge.4 

Currently, not survival of the implant is the leading criterion to define success, but 
the aesthetic outcome of the implant-supported restoration. A good aesthetic outcome 
involves the establishment of a soft tissue contour that is harmonious with the gingiva 
of the adjacent teeth and a crown in balance with the adjacent dentition.2•5•7 To achieve 
harmonious peri-implant soft tissues an anatomically shaped provisional restoration 
can be of great help.6•8 Well designed provisional implant-supported restorations are 
particularly important during long-term anterior temporization. They represent an im
portant step in deciding the shape and contour of the final restoration, which is mainly 
dependent on the maturation of the peri-implant soft tissues.9 A provisional restoration 
is usually in function for three months, but this period can be prolonged if an extended 
evaluation period is required, e.g., for obtaining the required condition of the peri
implant soft tissues.10 

Little information is available in the dental literature on the performance of pro
visional implant supported restorations.2 Provisional implant-supported restorations 
should be strong enough to withstand functional forces (have high fracture strength 
and low wear) and should not be harmful to surrounding peri-implant soft tissues. In 
order to assess whether the fracture strength of provisional implant-supported restora
tions is adequate, different designs of implant abutments have to be analyzed. Titanium 
is commonly used as material for provisional abutments. However, a major disadvan
tage of titanium is its colour. 11 Use of opaque composite resin as layering material 
has been recommended to overcome the greyish colour of provisional titanium-based 
restorations. Provisional abutments made of polyetheretherketone (PEEK) have been 
introduced as an alternative to titanium. PEEK abutments are easy to process and their 
whitish colour makes it easier to achieve a good provisional aesthetic result. 12 Some 
of the factors that could be of importance for the resistance against fracture when the 
abutments are functionally loaded, are the diameter of the abutment and the adhesive 
capacity of the veneering material to the abutment. These parameters have to be test
ed when evaluating the fracture strength of provisional implant-supported restorations. 

A tendency for occlusal wear, eventually leading to unnecessary repair, has 
been described after prolonged use of provisional restorations.13 Wear rates depend 
on, amongst others, the kind of veneering material used to fabricate a provisional 
implant-supported restoration. A variety of approaches has been suggested to fabri
cate implant-supported provisional restorations. 11 E.g., implant-supported provisional 
restorations can be fabricated chair side or at the dental laboratory. 8• 14•19 Chair side 
provisional restorative materials can be divided into two major resin groups: 
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methacrylate's (polymethylmethacrylate (PMMA) and polyethylmethacrylate (PEMA)) 
and bis-acryl composites. 13 If the provisional restoration is made in the dental laboratory, 
indirect laboratory composite resins are used.20

•
21 The ideal material for a provisional 

implant-supported restoration should exhibit minimal wear rate to be suitable for pro
longed use in the mouth (minimal one year). Which material is superior for provisional 
restorations has still to be assessed. 

Gingivitis and peri-implant mucositis are microbial induced infections at the gingival/ 
peri-implant mucosa! margin. These infections are modulated by the host response.22 

Generally spoken, specific microbial populations are correlated with disease process
es. In the mouth, a more generalized, non-specific correlation between oral biofilm 
and soft tissue disease exists as has been shown in experimental gingivitis studies in 
patients.2 3·24 A similar non-specific cause/effect relationship has been shown for the 
accumulation of bacterial biofilm and the development of peri-implant mucositis.25 It is 
of importance to gain more insight into the amount and composition of biofilms formed 
on transmucosal surfaces of provisional restorations.26

•
30 

Three different types of study design to assess biofilm formation on dental materials 
used for implant-supported restorations can be considered: in vivo studies (biofilm is 
collected from the implant-supported restoration in the oral cavity) , in situ studies (the 
test specimens are exposed in the oral cavity for a period of time and then collected) 

w and in vitro studies (the test specimens are exposed to bacteria and/or collected saliva 

� extraorally).31 In vivo and in situ biofilm formation studies are preferred over in vitro 

G biofilm formation studies because biofilm formation is decisively influenced by bacterial 
coadherence and coaggregation of different genus and species.32 A clinical study with 
the use of screw-retained provisional implant-supported restorations would be a very 
suitable approach to study these phenomena, because such a study design allows for 
removal of a restoration including the attached undisrupted biofilm from the oral cavity. 
Preferably, the screw-retained restoration is fixed on a bone level implant system as 
then the entire biofilm is situated on the transmucosal part of the provisional instead of 
partially on the implant. As such, this study design combining a screw-retained restora
tion with a bone level implant system is a very appropriate model for studying biofilm 
on provisional implant-supported restorations in vivo. 

12 



GENERAL AIM AND OUTLINE OF THE THESIS 

The general aim of the research described in this thesis was to assess a number of 
material properties of provisional implant-supported restorations in the anterior zone 
of the mouth. Specific aims were: 

• to assess the fracture strength of provisional implant-supported 
composite resin crowns on PEEK and titanium temporary abutments 
(CHAPTER 2); 

• to assess occlusal wear of three indirect laboratory composite 
resins, five chair side bis-acryl resin based materials and two chair 
side methacrylate based materials used to fabricate provisional 
implant-supported restorations (CHAPTER 3); 

• to conduct a clinical study to acquire 60 provisional implant-support
ed restorations with attached biofilm. Furthermore radiographic, 
clinical and aesthetic outcomes and patients' satisfaction were 
assessed (CHAPTER 4); 

• to evaluate biofilm formed on implant-supported restorations made 
from PEEK/composite or zirconia/porcelain (CHAPTER 5); 

• to introduce a technique for fabricating a 1-piece CAD-CAM 

designed screw-retained implant-supported provisional restoration 
in the maxillary aesthetic zone (CHAPTER 6). 

13 
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CHAPTER 2 

FRACTURE STRENGTH AND 

FAILURE MODE OF 

MAXILLARY 

IMPLANT-SUPPORTED 

PROVISIONAL SINGLE 
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A COMPARISON OF COMPOSITE RESIN CROWNS 

FABRICATED DIRECTLY OVER POLYETHERETHERKETONE (PEEK) ABUT

MENTS AND SOLID TITANIUM ABUTMENTS 
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ABSTRACT 

Background 

Polyetheretherketone (PEEK) temporary abutments have been recently introduced for 
making implant-supported provisional single crowns. Little information is available in 
the dental literature on the durability of provisional implant supported restorations. 

Purpose 

The objectives of this study were to evaluate the fracture strength of implant-supported 
composite resin crowns on polyetheretherketone (PEEK) and solid titanium temporary 
abutments and to analyze the failure types. 

Material and methods 

Three types of provisional abutments, RN synOcta Temporary Meso Abutment (PEEK) 
(Straumann) , RN synOcta Titanium Post for Temporary Restorations (Straumann) and 
Temporary Abutment Engaging NobRplRP (Nobel Biocare) were used and provisional 
screw-retained crowns using composite resin (Solidex) were fabricated for 4 different 
locations in the maxilla. The specimens were tested in a universal testing machine at a 
crosshead speed of 1 mm/min until fracture occurred. The failure types were analyzed 
and further categorized as irreparable (Type 1) or reparable (Type 2). 

Results 

No significant difference was found between different abutments types. Only for the 
position of the maxillary central incisor, composite resin crowns on PEEK temporary 
abutments showed significantly lower (p<0.05) fracture strength (95±21 N) than 
those on titanium temporary abutments (1009±94 N). The most frequently experi
enced failure types were cohesive fractures of the composite resin crowns (75 out of 
104) followed by screw loosening (18 out of 104). According to reparability, the major
ity of the specimens were classified as Type 1 (82 out of 104). Type 2 failures were not 
often observed (22 out of 104). 

Conclusions 

Provisional crowns on PEEK abutments showed similar fracture strength as titanium 
temporary abutments except for central incisors. Maxillary right central incisor com
posite resin crowns on PEEK temporary abutments fractured below mean anterior 
masticatory loading forces reported to be approximately 206 N. 
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INTRODUCTION 

Implant-supported fixed partial dentures (FPO) are viable alternatives to conventional 
full coverage FPDs especially for restoring missing or failed maxillary anterior teeth. 
Although single tooth dental implants have become routine in reconstructive dentistry 
with well-established results, 1 •3 restoring anterior teeth with implant-supported single 
crowns is still considered to be a technique-sensitive task.4 

The focus of attention in implant dentistry is shifting from 'survival' to 'quality of 
survival' .  Highly aesthetic restorations are becoming important criteria for the defini
tion of success. This involves the establishment of a soft tissue contour that is harmo
nious with the gingiva of the adjacent teeth as well as the restoration being in balance 
with the adjacent dentition.3·5·1 When an implant is placed with proper 3-d imensional 
orientation in relation to the adjacent teeth, the gingival tissue from the gingival margin 
to the implant platform can be altered using a provisional restoration at the time of 
implant placement or second stage surgery. The anatomical provisional restoration is 
used for achieving a harmonious soft tissue contour.5·6•8 

To date, no pre-manufactured implant components with an anatomical emergence 
profile exist that suits each situation. This is mainly due to individual anatomical varia
tions in tooth shape, size, and supporting soft and hard tissues. Different approaches 
have been suggested for fabrication of implant supported provisional restorations.4•9 

N Such restorations could be fabricated either chair side or at the dental laboratory.6•
1 0

•
1 5 

w Regardless of the method used to fabricate a provisional restoration, development and 

� maintenance of harmonious soft tissue contours before fabrication of the definitive 

B prosthesis is the key objective in implant dentistry. Furthermore provisional abutments 
should be able to resist the masticatory forces during service. 16• 17 

Provisional solid titanium abutments are commonly used as provisional abutments. 
A major disadvantage is the colour of the titanium.1 8  The use of opaque composite 
resin is recommended to overcome the greyish colour of the provisional restorations. 
Furthermore, the titanium abutment is difficult to process in the dental office, making it 
difficult for a chair side approach. As an alternative to titanium, polyetheretherketone 
(PEEK) temporary abutments have been introduced. PEEK abutments are easy to pro
cess chair side and their whitish colour makes it easier to achieve a good provisional 
aesthetic result. 19 

To date, little information is available in the dental literature on the survival rate 
of provisional implant supported restorations.3 It can however be assumed that 
PEEK abutments are less likely to resist masticatory forces than titanium provisional 
abutments since their physical properties are inferior to that of metals. A commonly 
used method to determine whether a restoration can withstand masticatory forces is 
to evaluate fracture strength of the material used in vitro.20

,·
22 

With the advances in adhesive technologies, small chippings or fractures could be 
repaired thereby prolonging service life of failed restorations both functionally and aes
thetically. 3·

23·
24 Such failures may not be influencing the overall survival of temporary 

crowns. 

20 



Therefore, the objectives of this study were to evaluate the fracture strength and 
failure types of laboratory made screw retained provisional composite resin sing le-unit 
crowns on PEEK and titanium abutments and at different locations in the maxil la.  The 
nul l  hypothesis was that no difference in fracture strength exists between PEEK abut
ments and provisional titanium abutments. 
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MATERIALS AND METHODS 

Experimental groups 

This study included 12 groups consisting of 3 types of provisional implant abutments 
veneered with composite resin restorations at 4 different locations in the maxilla. 

One additional group (control) comprised all-ceramic implant-supported crowns. 
Each group consisted of 8 specimens (N= 104, n=B per group). The distribution of 
groups and materials used are listed in Table 1. 

22 
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Group numbers, implant locations and brands, manufacturers, composition and batch numbers of abutments and crown materials used. 

G roup Locat ion Abu tment Manufacturer Compos i t ion Batch Crown Manufacturer Composi t ion Batch 

1 1  RN synOcta Temporary lnstitut Straumann AG, Titanium / 
Meso Abutment Basel, Switzerland Polyetheretherketone 

2 1 1  RN synOcta Post for lnstitut Straumann AG, Titanium 
Temporary Restorations Basel, Switzerland 

3 1 1  Temporary Abutment Nobel Biocare AB, Titanium 
Engaging NobRpl RP Goteborg, Sweden 

4 1 2  N N  Temporary coping lnstitut Straumann AG, Titanium / 
Basel, Switzerland Polyetheretherketone 

5 1 2  N N  Coping lnstitut Straumann AG, Titanium 
Basel, Switzerland 

6 1 2  Temporary Abutment Nobel Biocare AB, Titanium 
Engaging NobRpl NP Goteborg, Sweden 

7 1 3  R N  synOcta Temporary lnstitut Straumann AG, Titanium / 
Meso Abutment Basel, Switzerland Polyetheretherketone 

8 1 3  RN synOcta Post for lnstitut Straumann AG, Titanium 
Temporary Restorations Basel, Switzerland 

9 1 3  Temporary Abutment Nobel Biocare AB, Titanium 

Engaging NobRpl RP Goteborg, Sweden 

1 0  1 4  R N  synOcta Temporary lnstitut Straumann AG, Titanium / 
Meso Abutment Basel, Switzerland Polyetheretherketone 

1 1  1 4  R N  synOcta Post for lnstitut Straumann AG, Titanium 
Temporary Restorations Basel, Switzerland 

1 2  1 4  Temporary Abutment Nobel Biocare AB, Titanium 

Engaging NobRpl RP Goteborg, Sweden 

1 3  1 1  Procera abutment RP Nobel Biocare AB, Zirconia 
Goteborg, Sweden 

CHAPTER 2 

no. mater ia l  no.  

C77 1 6  Solidex Shofu Inc, Urethandi- PN1 642 
Kyoto, Japan methacrylate 07061 1 A2B 

A7044 Solidex Shofu Inc, Urethandi- PN1 650 
Kyoto, Japan methacrylate 1 1 0625 C1 B 

39051 5 Solidex Shofu Inc, Urethandi- PN 1 650 
Kyoto, Japan methacrylate 1 1 0625 C 1 B  

C21 38 / Solidex Shofu Inc, Urethandi- PN1 652 
E2772 Kyoto, Japan methacrylate 070428 C3B 

F4805 Solidex Shofu Inc, Urethandi- PN1 650 
Kyoto, Japan methacrylate 1 1 0625 C 1 B 

389524 Solidex Shofu Inc, Urethandi- PN1 656 
Kyoto, Japan methacrylate 03041 6 D4B 

C77 1 6  Solidex Shofu Inc, Kyoto, Urethandi- PN1 642 
Japan methacrylate 07061 1 A2B 

A7044 Solidex Shofu Inc, Urethandi- PN1 643 
Kyoto, Japan methacrylate 070683 A3B 

39051 5  Solidex Shofu Inc, Urethandi- PN1 644 
Kyoto, Japan methacrylate 080633 A35B 

E3034 Solidex Shofu Inc, Urethandi- PN1 646 
Kyoto, Japan methacrylate 07041 6 B1 B 

A7044 Solidex Shofu Inc, Urethandi- PN1 650 
Kyoto, Japan methacrylate 1 1 0625 C 1 B 

39051 5  Solidex Shofu Inc, Urethandi- PN1 645 
Kyoto, Japan methacrylate 01 0544 A4B 

Cercon Degudent GmbH, Feldspathic 31 27 1  
ceram- Hanau, Germany porcelain for 
Kiss layering technique 



Specimen preparation 

Irreversible hydrocol loid impressions (CA 37, Cavex, Haarlem, the Netherlands) were 
made of a ful ly dentate phantom model (KaVo Dental GmbH, Biberach, Germany) of 
the maxil la and a plaster cast was fabricated. The right central incisor was removed 
and replaced with an implant analogue (RN synOcta analogue; lnstitut Straumann 
AG, Base l ,  Switzerland) using a dr i l l  press. The analogue was placed 2 mm below the 
cemento-enamal junction. After placement and adjustment of an abutment (RN synOc
ta titanium Post for Temporary Restorations ( lnstitut Straumann AG), a screw-retained 
composite resin single crown was fabricated (Solidex, Shofu, Higashiyama-Ku, Kyoto, 
Japan) . The composite resin was photo-polymerized for 180 s using a laboratory po
lymerization unit (Tecnomedica, Bareggio, Italy) . Excess composite resin around the 
margins was removed and the restorations were finished using finishing burs (FG 863 
4405L, lntensiv SA, Grancia, Switzerland) . After f inishing, a vacuum formed plastic 
mold (1 .8 mm thick) was made (Erkoform 3D, Erkodent Erich Kopp GmbH, Pfalzgrafen
weiler, Germany) . This mold was used to produce identical composite resin crowns on 
the abutments (Figure 1 ). Thereafter the crowns were polished in sequence (Sof-Lex 
discs, 3M ESPE, St. Paul, MN, USA) . The process was repeated for each group with 
use of the corresponding abutments and implant analogues. The dimensions of the 

N crowns per location are listed in Table 2. 
UJ In order to form the control group (screw-retained), a Procera custom abutment 

� (Procera, Nobel Biocare AB, Goteborg, Sweden) was designed using the Nobel Bio-

G care 3D CAD/CAM software and eight Procera custom abutments were fabricated 
by the manufacturer. One experienced dental technician veneered the abutments with 
feldspatic porcelain (Cercon ceram Kiss, Degudent GmbH, Hanau, Germany) . 

The crowns were mounted on the corresponding implant analogues using a manual 
torque wrench (Manual Torque Wrench Prosthetic #29165 for Nobel Biocare and the 
Torque control device #046049 for Straumann) and the screws (titanium) were torqued 
to 35 Nern. The analogues were then embedded perpendicular in polymethylmethacry
late (Autoplast, Condular, Wager, Switzerland) up to the analogue neck in the middle 
of polyvinyl chloride rings (diameter: 2 cm, height: 1 .5 cm) . 
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Fracture strength test 

The fracture test was performed in a universal testing machine (Zwick ROELL Z2.5MA, 
18-1 -3/7, Zwick, U lm, Germany) . In order to simulate the clinical situation as closely 
as possible, the specimens were mounted in a metal base and load was applied at 137 
degrees at a crosshead speed of 1 mm/min.25 The spherical loading cel l  was central ly 
positioned in the median plane of each crown between the upper end of the cingulum 
and the incisal edge. Aluminium foil was folded to achieve a thickness of approximately 
1 mm and was placed between the loading cel l  and the crown to avoid slipping of the 
load cel l .  In case of the premolars, load was applied occluso-gingival ly perpendicular 
to the occlusal surface. The maximum load at the universal testing machine was set at 
2000 N. The applied force was graphical ly recorded on a x-t recorder (Zwick testXpert, 
Zwick, U lm) . 

Fai lure analysis 

Digital photos (N ikon D1 00, Nikon GmbH, Dusseldorf, Germany) were taken from each 
specimen to determine the failure type, location and size. After analyzing al l  specimens 
after the fracture test, four types of failures were recorded: cohesive fracture of the 
composite resin restoration (CF), adhesive failure between the composite resin and the 
abutment (AF) (Figure 2), screw loosening (SL) and deformation of implant analogue 
(DIA) (Figure 3) . Failure types were further classified as irreparable (Type 1 = > 1 /2 
fracture of the crown or deformation of the analogue) or reparable (Type 2 =  < 1/2 frac
ture of the crown or screw loosening) . Some specimens were examined using scanning 
electron microscopy (JSM-5500, Jeol Instruments) . 

Statistical analysis 

The statistical analysis was performed with the SPSS software package (version 14.0, 
SPSS Inc, Chicago, I l l ,  USA) . The data were analyzed for differences using one-way 
analysis of variance CANOVA) . Due to significant difference (p <0. 00 1 )  between groups 
according to ANOVA, multiple comparisons were made using Tukey ' s B test. P values 
less than 0 . 05 were considered to be statistical ly significant in a l l  tests. 
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Figure 1 

Vacuum formed plastic mold to produce identical composite resin crowns on the abutments. 

Table 2 

Dimensions (mm) of the crowns on the abutments. 

Tooth Mes1od 1sta l  B uccol i ngua l Height  

Central i ncisor 8.7 6.6 11.5 

Lateral inc isor 7.2 6.3 10.4 

Canine 7 .5 7.9 11.8 

First premolar 6.8 8.1 9.8 
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Figure 2 

Representative SEM image of adhesive failure on PEEK. 

Figure 3 

Deformation of the neck of a Replace analogue embedded in PMMA. 
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RESU LTS 

No significant effect of tooth type was found between different abutments types 
(p = 0 .164) except for central incisors for which composite resin crowns on PEEK 
temporary abutments showed significantly lower fracture loads (95±21 N) than those 
on titanium temporary abutments (1009±94 N, p <0.05) (Table 3) .  Overal l ,  mean frac
ture strength ranged from 95±21 to 486±34 N for composite resin crowns on PEEK 
abutments and from 387 ±23 to 1009±94N for composite resin crowns on titanium 
abutments. The ceramic implant supported crowns showed a mean fracture load of 
214±60 N .  

The most frequently experienced failure types were C F  (75 out of 104) followed by SL 
(18 out of 104) . According to reparability, the majority of the specimens were classified as 
Type 1 (82 out of 104) (Table 4) .  Type 2 failures were not often observed (22 out of 104) . 

Table 3 

Means (±SD) of fracture strength (N) per experimental group. 

Group n Locat ion Abutment Mean ( ± SD) 

8 1 1  

2 8 1 1  

3 8 1 1  

4 8 1 2  

5 8 1 2  

6 8 1 2  

7 8 1 3  

8 8 1 3  

9 8 1 3  

1 0  8 1 4  

1 1  8 1 4  

1 2  8 1 4  

1 3  8 1 1  

RN synOcta Temporary Mesa Abutment 

RN synOcta Post for Temporary Restorations 

Temporary Abutment Engaging NobRpl RP 

NN Temporary coping 

NN Coping 

Temporary Abutment Engaging NobRpl NP 

RN synOcta Temporary Mesa Abutment 

RN synOcta Post for Temporary Restorations 

Temporary Abutment Engaging NobRpl RP 

RN synOcta Temporary Mesa Abutment 

RN synOcta Post for Temporary Restorations 

Temporary Abutment Engaging NobRpl RP 

Procera abutment RP 

95 (±2 1  )A 

787 (±74)f 

1 009 (±94)0 

277 (±40)8 

553 (±36)E 

387 (±23)C 

486 (±34)D,E 

650 (±74)f 

495 (±6 1  )D,E 

37 1 (± 22)C 

441 (±5 1 )C,D 

474 (±42)D,E 

2 1 4 (±60)8 

The same capital letters ind icate no significant differences (Tukey's B test, a=0.05). 
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Table 4 

Distribution and frequency of failure types per group . 

• 1 2 3 4 5 6 7 8 9 1 0 1 1  1 2  1 3  Total 

CF 

AF 

SL 

DIA 

Type 1 

Type 2 

6 

2 

5 

2 

8 5 

3 

2 7 6 

2 2 

4 

4 7 6 

4 2 

7 6 8 8 8 8 8 

2 5 

8 1 8  

6 

7 6 8 8 7 8 8 82 

2 8 22 

CF= cohesive fracture of the composite resin  restoration ; AF= adhesive fai lure between the 

composite resin  and the abutment; SL= screw loosening; DIA= deformation of implant ana logue; 

I rreparable (Type 1 = > 1 /2 fracture of the crown or deformation of the analogue) ; reparable 

(Type 2= < 1 /2 fracture of the crown or screw loosening). 
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DISCUSSION 

Although provisional implant-supported resin crowns are expected to function in the 
oral environment only for a short period of time ranging from 2 weeks to 3 months, they 
must be able to resist occlusal forces during function.5• 15 Depending on the duration 
or complexity of the surgical or reconstructive implant therapy, temporary restorations 
may function for even a longer period of time. This study was undertaken in order to 
evaluate the fracture strength of such provisional crowns on different implant abut
ments. 

The average masticatory forces in the anterior region may be as high as 290 N 
depending on the facial morphology and age. 1 6 However, mean loading forces for this 
region are reported to be approximately 206 N. 1 7 In this in vitro study, in all groups 
except group 1, fracture strength exceeded the mean maximum masticatory forces. 
Therefore, the hypothesis could only be partially accepted. Hence it can be assumed 
that all of the tested provisional restorations except group 1 could withstand intraoral 
masticatory forces. This assumption is supported by the fact that no test group per
formed significantly worse than the control group. Furthermore, the fracture strengths 
found in this study are comparable to those found in other in vitro studies. 2 1 •2 2  

In this study, abutments were prepared according to the manufacturer 's recommen-
dations for the materials investigated. However, especially in group 1 the Straumann 

N RN synOcta Temporary Meso Abutment had to be aggressively reduced in size in order 
UJ to fit the mold used to fabricate the composite resin crown. Although it cannot be stat-

� ed whether the results are solely due to the adjustment problem caused by reduction 

Q of the abutment, a more conservative preparation would possibly yield higher fracture 
strengths of the crowns. Furthermore, the flat palatal surface morphology of the central 
incisors was more in surface contact with the ball shaped loading cell than the other 
teeth where more point contact was observed. Therefore the central incisors were less 
able to tolerate the rotational forces. 

Fracture resistance of all-ceramic single crowns on implants was evaluated in a 
study by Yildirim et al. where Al2O3 and ZrO2 abutments on Branemark implants were 
restored with glass-ceramic crowns. 2 2  The statistical analysis showed significant differ
ences between both groups, with mean fracture load values of 280 N and 737 N for 
Al2O3 and ZrO2 abutments, respectively. Similar to the current study, no artificial aging 
was applied. Our results with composite resin are comparable to the results obtained 
for Al2O3 and ZrO2 abutments. Since the goal was to test the materials for temporary 
purposes no adhesive procedure was conducted. In another in vitro study, fracture 
resistance of single tooth implant-supported all-ceramic restorations (Replace) was 
tested for titanium, Al2O3 and ZrO2 abutments on implants restored with alumina 
crowns (Procera) . 2 1 The crowns were adhesively luted using resin cement (Panavia 21 ) ,  
artificially aged through dynamic loading and thermal cycling and thereafter subjected 
to static loading. The median fracture strengths were found to be 1454 N, 422 N, and 
443 N for titanium, Alp3 and ZrO2 , respectively. Since a short-term durability was the 
focus of this study, a direct comparison could not be made due to the lack of adhesive 
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cementation and aging conditions. The obtained results of this study need to be veri
fied under fatigue conditions in future studies. However, the duration of fatigue loading 
for temporary restorations has not been defined in the dental literature. 

The fracture strength results should be considered in combination with the failure 
types. Screw loosening and deformation of implant analogues appeared to be a major 
failure type in the temporary titanium abutments groups (10/64). Failure analysis of 
the fractured crowns showed mainly cohesive fractures of the composite resin for the 
test groups. Fracture of the abutment was observed neither in titanium nor in PEEK 
abutments indicating that both temporary abutments could be indicated. 

In this study, a static mechanical test in dry conditions was used. The application of 
the load cell should have a direct contact without any lubricant such as saliva or water 
in the environment. The presence of such aqueous media may result in slipping/sliding 
of the loading jig in an uncontrolled manner. The existence of such liquid media as found 
in the oral environment may accelerate crack propagation in the aqueous media.20 

The majority of the failures covered more than half the size of the entire restora
tion and were therefore considered to be irreparable. Only in the PEEK groups some 
incidences of adhesive splitting between the abutment and the composite resin was 
observed. When such failures have to be repaired, adhesion between the PEEK mate
rial and the composite resin could be of future topic. 

In this study only the teeth in the aesthetic zone, namely the incisors, canines and 
the first premolars, were considered. The results of this study may vary depending on 
the morphology of the posterior teeth and the elastic modulus of the chosen composite 
resin material for the crowns. 
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CONCLUSIONS 

From this in vitro study, the following could be concluded: 

1 .  Composite resin crowns on PEEK abutments showed significantly lower mean 
fracture strength compared to those on titanium temporary abutments for central 
incisors. For other locations in the aesthetic zone of the maxilla , no significant dif
ferences were found between fracture strengths on PEEK and titanium abutments. 

2. In general, irreparable failure types were more common than reparable ones in all 
groups. 
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ABSTRACT 

Background 

Implant-supported provisional restorations should be resistant to occlusal wear. 

Purpose 

The purpose of this laboratory study was to evaluate three-body wear of three indirect 
laboratory composite resins, five chair side bis-acryl resin based materials and two 
chair side methacrylate based materials used to fabricate provisional implant-support
ed restorations. 

Material and Methods 

The materials were handled and cured according to the manufacturers' instructions. 
The three-body wear was measured 1 day, 3 days, 7 days, 4 weeks and 8 weeks after 
curing using the ACTA wear device. 

Results 

Wear rate decreased significantly after eight weeks compared to the first day for all 
tested materials, except for Estenia C&B. The three-body wear of two indirect laboratory 
composite resins, i.e. Estenia C&B and Solidex was significantly less compared to all 
other tested materials used for fabricating provisional implant-supported restorations. 
Of the chair side materials, the wear rate of Protemp Crown Paste was significantly 
less compared to the other materials used to fabricate chair side provisional implant
supported restorations. The methacrylate based materials, Temdent Classic and Trim 
showed extreme high wear rates. 

Conclusions 

Based on the results of this laboratory study on long-term wear, the use of indirect 
composite resin is preferred over chair side methacrylate based materials when the 
provisional implant-supported restoration has to be in service for a long period of time. 
Of the investigated materials only Estenia C&B and Solidex showed wear rates compa
rable to posterior resin composites. 
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INTRODUCTION 

Implant-supported restorations are nowadays considered the viable treatment option 
for replacing missing or failing maxillary anterior teeth , with predictable documented 
results. 1 ·3 Although implant dentistry in case of single missing teeth has become rou
tine, restoring anterior teeth with implant-supported restorations that mimic adjacent 
natural teeth in a well-balanced and harmonized soft tissue is still a difficult task.4 

Good aesthetic results are becoming important criteria for the definition of suc
cess. This involves the establishment of a soft tissue contour that is harmonious with 
the gingiva of the adjacent teeth and a crown in balance with the adjacent dentition.2·5•7 

An anatomical provisional restoration is used to achieve harmonious peri-implant soft 
tissue.6·8 Provisional implant-supported restorations are particularly important during 
long-term anterior temporization. T hey represent an important step in deciding the 
shape and contour of the final restoration, mainly dependent on the maturation of the 
peri-implant soft tissues.9 T he provisional restoration is usually in function for three 
months, but this period can be prolonged if an extended evaluation period is required. 10 

Different approaches have been suggested to fabricate implant-supported provi
sional restorations. 1 1 T hey can be fabricated either chair side or at the dental laborato
ry. 8· 1 1 - 1 6  Chair side provisional restorative materials can be divided into two major resin 
groups: methacrylate's (polymethylmethacrylate (PMMA) and polyethylmethacrylate 

('t") (PEMA)) and bis-acryl composites. 1 7 If the provisional restoration is made in the dental 
LU laboratory, indirect laboratory composite resins are used. 1 8· 1 9  

� To achieve predictability, provisional materials should possess a number of ideal 

G mechanical and physical properties, such as a high flexural strength ,  increased resis
tance to occlusal wear, high fracture strength ,  dimensional stability, minimal marginal 
gap formation, and increased resistance to staining and discoloration.20•2 1  Failure of 
provisional restorations has been observed. After prolonged use, a tendency for occlusal 
wear and fracture has been described, eventually leading to unnecessary repair. 1 7  In a 
previous study by Santing et al. , fracture strength of provisional restorations has been 
analyzed.22 

A sensitive way to study differences in the structural integrity of a provisional res
toration is by determination of the three-body wear.23-26 T his type of wear, which is 
believed to form the main portion of occlusal wear, results from the abrasive activity 
of the solid particles in a food bolus when it is pressed onto and sheared across the 
occlusal surfaces of opposing teeth during mastication. 

T he purpose of this laboratory study was to evaluate the three-body wear of three 
indirect laboratory composites, five chair side bis-acryl resin based materials and two 
chair side methacrylate based materials for provisional restorations. T he null hypoth
esis of the current study was that no differences would exist between the ten materials 
in three-body wear rate. 
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MATERIALS AND MET HODS 

The materials used in the study, their manufacturers and batch numbers are shown in 
Table 1. Three-body wear was evaluated with the ACTA wear machine.25

•
26 In short, this 

device consists of two motor-driven cylindrical wheels rolling over each other with a 
surface slip of 15%, inside a bowl containing a third body medium, consisting of a slurry 
of rice and millet seed shells (pH = 7). One wheel accommodated 10 test specimens; 
the other wheel of stainless steel was pressed against the specimen wheel at a spring 
force of 15 N. A test run consisted of 200,000 cycles (55½ h) of the specimen wheel at 
a rotational speed of 1 Hz. All restorations materials were handled and cured accord
ing to the manufacturers' instructions and after setting the materials were kept at 37° 

Celsius and stored in water at all times throughout a period of eight weeks. The speci
mens were not subjected to additional fatigue experiments like thermocycling because 
provisional implant-supported restorations do not have to function in the mouth for a 
prolonged period of time. 

A number of wear runs were performed, the first starting 1 day after preparation 
of the specimen and subsequently after 3 days, 7 days, 4 weeks and 8 weeks. After 
each run, 10 tracings were taken at fixed positions on the worn surface of each pair 
of specimens (PRK profilometer No. 20702, Perthen GmbH, Hannover, Germany) to 
determine the loss of material in mm and averaged. The experiments were carried out 
in duplo (n= 20 tracings per material). 

Two-way ANOVA and Tukey post hoc test were used to test differences in wear 
rate. The software used was Sigma Stat 3.1 (SPSS inc. , Chicago, USA). 
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CHAPTER 3 
Table 1 

Material properties according to manufacturer's data. 

Code Material A Matrix 8 Fi l ler c Manufactu rerci Batch no. 

EAD Estenia C&B lnC bis-GMA, UDMA, decandiol dimethacrylate 92 Kuraray Dental LOT 00025C 
2 µm, surface treated alumina, si l inated glass ceramics 

SLDX Solidex lnC bis-GMA, TEGDMA 53 Shofu I nc LOT 060862 
1 µm, sil icon d ioxide, a luminum oxide 

SFY Sinfony l nC UDMA, bis-EMA 45 3M ESPE LOT 358942 
0.5-0.7 µm, borosi l icate g lass, pyrogenic s i l ica 

PTCP Protemp CsC bis-GMA, TEGDMA, Dimethacrylate 78 3M ESPE LOT PSLMF-
Crown Paste 0.6 µm, si lanized zirconia si l ica , fumed si l ica G290L088B33 

PTP4 Protemp 4 CsC Bis-GMA, U DMA, TEGDMA, bis-EMA 35 3M ESPE LOT B35801 2  
50 nm si lanized amorphous si l ica C 357 1 73 

STP Structur  Pre- CsC UDMA ethoxylated bis-GMA 40 voco LOT 670385 
mium 0.7 µm g lass ceramics, aerosil 

ITGY I ntegrity CsC Multifunctional methacrylates, glycol methacrylate 44 Densply de Trey LOT 0607 1 9  
barium g lass, fumed si l ica 

LXTP Luxatemp CsC UDMA, aromatic dimethacrylate, glycol methacrylates 44 DMG LOT 569570 
0.02 2.5 µm glass 

TDTC Temdent CsM PMMA Schutz Dental LOT P 2008006642 
Classic L 2008005994 

TRIM Trim I I  CsM PMMA Bosworth LOT P:0606-306 
L ** 

A I nd ication: lnC = Ind irect lab Composite , ScC = Chair side Composite, CsM = Chair side Methacrylate. b Bis-GMA: bis-phenyl g lycidylmethacrylate, 
UDMA: urethane d imethacrylate, TEGDMA: triethylene glycol d imethacrylate, Bis-EMA: ethoxylated bis-phenol-A-dimethacrylate, EBPADMA: ethoxylated 
bis-phenol-A- dimethacrylate, PMMA. c in  Weigth% c Kuraray Denta l ,  Tokyo, Japan ;  Shofu I nc, Kyoto, Japan ;  3M ESPE, Seefeld, Germany; VOCO GmbH, 
Cuxhaven, Germany, Densply de Trey, Konstanz, Germany; DMG, Hamburg ,  Germany; Schutz Dental GmbH, Friedberg, Germany; Bosworth Company, 
Skokie, USA 



RESULTS 

The wear rates are summarized in Table 2 and graphically depicted in Figure 1. Two
way ANOVA statistical test showed that the type of material (F =8293.5; p < 0.00 1 )  

and time (F= 698.7; p<0.00 1 )  had a significant effect on the wear rate. Tukey's post 

hoc test (p <0.05) showed that wear rate decreased significantly after eight weeks 
compared to the first day for all tested materials, except for Estenia C&B .  For the 
latter indirect composite resin no significant difference in wear rate could be observed 
between the first day and eight weeks. The three-body wear of two indirect laboratory 
composite resins, i.e. Estenia C&B and Solidex was significantly less compared to all 
other tested materials used for fabricating provisional implant-supported restorations. 
Of the chair side materials, the wear rate of Protemp Crown Paste was significantly 
less compared to the others materials used to fabricate chair side provisional implant
supported restorations. The methacrylate based materials, Temdent Classic and Trim 1 1  
showed extreme high wear rates. Figure 2 shows the correlation between the wear rate 
and the filler content. The correlation coefficient was R2 = 0 .816 and 0.842 (p < 0.00 1 )  

at the first day and eight weeks, respectively. 

Table 2 

Mean wear (standard deviation) in micrometers at different time periods after curing for the 
investigated materials. 

EAD SLDX SFY PTCP PTP4 

D1 23.6 ( 1 .5) 55.8 (2.2) 76.3 (5.2) 84. 1 (6.7) 1 25.5 (9.7)A 

D3 2 1 .8 ( 1 .2) 50. 1 (3. 1 )  80. 1  (3.3)0 75.9 (3.3)0 1 1 9.3  (6.9)8 

D7 20.5 (2.0) 45.6 (2.2) 75.0 (5.0) 68.2 (3.0) 1 1 6.3  (5 .0)E 

W4 1 6.5 ( 1 .7) 43.6 (3.6) 67.6 (4.3)H 67.3 (5.3)H 98.6 (6.0) 

W8 20.2 ( 1 .2) 48.7 (2. 1 )  7 1 .0 (6.0)K 67.0 (2.7)K 93.0 ( 1 1  .5)J 

STP ITGY LXTP TDTC TRIM 

D1 1 28.3 (4.9)A 1 28.  7 (6.8)A 1 35.4 (3.2) 1 84.9 (8.4) 237.3  (5.8) 

D3 1 05. 1 (2.4) 1 1 2.3 (5.0)C 1 1 5.8 (2.3)BC 1 45.7 (5.4) 231 . 7  (5. 1 )  

D7 92.4 ( 1 .4) 1 09.5 (2.6)F 1 1 3.0 (2,4)EF 1 41 .8 ( 1 2.2) 203.9 ( 1 2.9) 

W4 89.6 (4.2) 1 1 1 .0 (6,4)G 1 1 0.9  (6.4)G 1 53.4 ( 1 1 . 1 )  1 97.9 (5 .6) 

W8 96.5 (3.5)J 1 02.9 (4.0) 1 1 08.0 (6. 1 ) 1 1 35. 1 (5.2) 1 57.7 ( 1 0 .4) 

Means with the same letter are within the time not significantly d ifferent (p >0.05) 
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Figure 1 

Graphical representation of the wear rate of the investigated restoration materials at 1 day ( dark 

green) and 8 weeks (light green). 
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Figure 2 

Graphical representation of the linear correlation between wear rate and the filler load at 1 day 

(dark green) and 8 weeks (light green). 
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DISCUSSION 

The three-body wear of the tested restoration materials that can be used for fabricating 
provisional implant-supported restorations was between 23 .6 and 237 .3 µm/200 ,000  
cycles and showed a dependence on the fil ler load. The nul l  hypothesis that the ten 
materials would not be significantly different from each other, could be rejected. The 
wear rates of two indirect laboratory composites, i.e. Estenia C&B and Solidex were 
significant lower compared to the other tested materials.  Of the latter materials the 
wear rate of Sinfony and Protemp Crown Paste did not significantly differ from each 
other. It is hypothesized that due to the high fil ler load of Protemp Crown Paste (78wt%) 
the wear rate is similar to the wear rate of indirect composite resin Sinfony. The ma
terials Structur Premium, Integrity, Protemp 4 and Luxatemp had similar wear rates, 
probably due to the fact that the matrix and the fil ler load are comparable. The PMMA 
based materials, Temdent Classic and Trim 1 1, showed extreme high wear rates, which 
is most probably due to the lack of fil ler. 

In general, the resistance to abrasive wear is likely to be determined by a combi
nation of hardness and fracture toughness of the restoration material .  Hardness is 
a property that is used to predict the wear resistance of a material and its ability to 
abrade opposing dental structures. Differences in wear between the composite resins 
used, might be related to the portion of fi l ler particles and their distribution, degree 

M of conversion, fil ler and matrix properties and the bond between the matrix and the 
w fi l lers.mo Due to its fil lers, bis-acryl composite achieves a higher resistance to wear 

� in relation to PMMA. 1 7  Indirect composite resins general ly show the lowest wear rates 

[5 due to their fil lers and high rates of polymerization.3 1
•
32 In vitro two-body wear of the 

composite resins used in the current study can be found in the literature. Mehl et al . 
(2007) found a significant difference in wear between Solidex (0 . 024 mm3 ± 0 .004), 
Estenia C&B (0 .053 mm3 ± 0 . 011) and Sinfony (0 . 064 mm3 ± 0 . 014) after 240,000 
cycles.33 The two-body wear shows a different behavior compared to the three-body 
wear investigated in this study. Apparently, Estenia C&B showed a higher two-body 
wear compared to its three-body wear. It could be that due to the high fil ler load in Es
tenia C&B the material becomes brittle  and in principle more susceptible to two body 
wear. 

In this study, the wear rate of ten restoration materials that can be used for fabricat
ing provisional implant-supported restorations was tested in a three-body wear simula
tor. Abrasion occurs in a three-body wear mode and is generated by the sliding action 
of one material past another with force being transmitted through a layer of food that 
serves as a third-body medium.34 To simulate this phenomenon in the laboratory, the 
current study used a slurry of rice and mil let seed shel ls as a third body in a three-body 
ACTA wear testing machine.25•26 However, a quantitative comparison between studies 
carried out using different chewing simulators seems to be questionable. Heinze et al .  
found in a round robin test that relative ranks of the materials  tested varied tremen
dously between test centers ( lvoclar, Zurich, Munich, OHS U  and ACTA) .35 The test 
centers did not only use different wear simulators, but they also used different forces, 
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different antagonistic materials, different number of cycles, with or without thermo
cycling etc. Furthermore different methods were used to determine wear. Therefore 
it is difficult to compare study outcomes because of the differences in methods. T he 
three-body ACTA wear shows a wear rate of < 30 µm/200 ,000  cycles for ceramics, 
enamel and posterior resin composites, and between 30 and 60 µm/200 ,000 cycles for 
most other composites. The wear rate of glass-ionomer cement is approximately 100 
µm/200,000  cycles. Due to this high wear rate, glass-ionomer is clinically considered 
as a restoration material for temporary indications. Based on this rough estimate, Este
nia C&B and Solidex can be considered as provisional materials which can be used for 
a longer period (3 months and more) and all other materials investigated in this study 
as provisional restoration material for short term use (shorter than 3 months). 
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CONCLUSIONS 

Within the limited scope of the current study, it was concluded that indirect laboratory 
resin composites Estenia C&B and Solidex exhibited significant less wear compared 
to materials indicated as chair side provisional restoration material and are therefore 
preferred when a provisional implant-supported restoration has to be in function for a 
longer period of time. The use of PMMA as a provisional restoration material will lead 
to increased wear rates and is therefore not suitable for prolonged use in the mouth. 
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CHAPTER 4 

PERFORMANCE OF THE 

STRAUMANN BONE 

LEVEL IMPLANT SYSTEM 

FOR ANTERIOR SINGLE

TOOTH REPLACEMENTS IN 

AUGMENTED AND 

NON-AUGMENTED SITES: 

A PROSPECTIVE COHORT STUDY WITH 60 CONSECUTIVE PATIENTS 
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This CHAPTER is an edited version of the manuscript: Santing HJ, Raghoebar GM, 
Vissink A, Den Hartog L, Meijer HJ. Performance of the Straumann Bone Level Implant 
system for anterior single-tooth replacements in augmented and nonaugmented sites: 
A prospective cohort study with 60 consecutive patients. Clin Oral lmpl Res 2013; 
24:941 -948. 
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ABSTRACT 

Aim 

The purpose of this prospective study was to evaluate radiographic, clinical and aes
thetic outcomes and patient satisfaction of cases treated with platform-switched single 
implant restorations in the aesthetic region of the maxilla. Furthermore, the influence 
of an augmentation procedure 3 months prior to implant placement and the type of 
restoration (screw-retained versus cement-retained) was evaluated. 

Material and Methods 

60 patients with a missing anterior tooth in the maxilla were treated with a Straumann 
Bone Level Implant. Bone augmentation was performed in 29 patients at 3 months 
before implant placement. Implants were loaded after 3 months of submerged healing. 
Follow-up was conducted at 7 and 18 months after implant placement. Peri- implant 
mucosa and implant crown aesthetic outcomes were determined using the Implant 
Crown Aesthetic Index ( ICAI) and the Pink Aesthetic Score-White Aesthetic Score 
(PES-WES). 

Results 

No implants were lost. At 18 months after implant placement, mean bone level change 
was -0.10 ± 0.27 mm and mean probing pocket depth was 2.57 mm. No differences 
were found between augmented and non-augmented sites (p = 0.28) . The ICAI indi
cated satisfactory mucosa and crown aesthetics in 67% and 75% of the cases, respec
tively, while the PES score was 14.4. ICAI mucosa (p= 0.004) and PES (p =0.02) scores 
were significantly less favourable for augmented sites compared to non-augmented 
sites. Patient satisfaction was high (8.9 ± 1.1 on VAS-score). 

Conclusions 

From the present prospective, clinical study it can be concluded that the Straumann 
Bone Level Implant shows an excellent survival rate, marginal bone stability and good 
clinical and aesthetic results. Bone augmentation prior to implant placement does not 
lead to more marginal bone loss. However, less favourable pink aesthetic outcomes 
were found in augmented sites compared to non-augmented sites, while no differences 
were found between cement-retained and screw-retained restorations. 
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INTRODUCTION 

The use of dental implants in oral rehabilitation has become a standard of care in 
daily practice. High survival rates are generally reported.1 However, in order to further 
improve the survival rates and to raise the quality of survival, new implant systems, 
implant surfaces and implant designs are continuously developed. 

In 2007 the Straumann Bone Level Implant system (lnstitut Straumann AG, Ba
sel, Switzerland) was introduced to the market. This implant system offers various 
features that claim to improve implant survival, decrease bone loss and improve aes
thetic outcomes. The Straumann Bone Level Implant is equipped with the SLActive 
implant surface.2•3 This implant surface has shown to accelerate the osseointegration 
period as compared to the SLA surface4 ·5 and provides high survival rates even in sites 
with compromised bone.6•7 The implant-prosthetic connection of the Straumann Bone 
Level Implant shows a platform switch. The rationale behind this feature is displacing 
the implant-abutment interface, and thereby the microgap, away from the edge of the 
implant platform. According to a recent review, various stud ies have shown that plat
form-switched implants show less marginal bone loss compared to platform-matched 
implants.8 It is hypothesized that marginal bone is not only crucial for maintaining soft 
tissue levels and thereby obtaining aesthetically satisfying results, but also for limiting 
formation of pockets around the implant. Another important condition for establishing 
aesthetic results is control of the emergence profile. Increasing the distance between 
the top of the implant and the soft tissue margin by placing the top of the implant at 
bone level provides more prosthetic freedom than positioning the top of the implant 
beyond bone level (e.g. transmucosal implants). 

Bone augmentation is often needed before implant placement due to insufficient 
bone volume. A recent review showed that bone augmentation procedures are effec
tive in promoting bone fill and defect resolution at implants in postextraction sites. 
However, these procedures are more successful with immediate (type 1) and early 
placement (type 2 and type 3) than with late placement (type 4, completely healed 
sites).9 Type 2 is defined as early placement with soft tissue healing (typically 4 to 8 
weeks) without significant bone healing whereas type 3 is defined as early placement 
with partial bone healing (typically 12 to 16 weeks). 

The purpose of this prospective study was to evaluate radiographic, clinical and 
aesthetic outcomes and patient satisfaction of cases treated with platform-switched 
single implant restorations in the aesthetic region of the maxilla. Furthermore, the influ
ence of an augmentation procedure 3 months prior to implant placement and the type 
of restoration (screw-retained versus cement-retained) was evaluated. 
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MAT ERIALS AND M ETHODS 

Study design 

T his clinical study was designed as a single-cohort, prospective case series (n= 60) 
with an 18-month follow-up (Figure 1 ).  T he study was conducted at the Department of 
Oral and Maxillofacial Surgery of the University Medical Center Groningen, Groningen, 
the Netherlands. T he study protocol has been independently reviewed and approved by 
the Medical Ethical Committee of the University Medical Center Groningen. Written 
informed consent was obtained from all eligible patients before enrolment. Patients 
were included between October 2007 and June 2009. T he study was performed in 
compliance with Good Clinical Practice, the Declaration of Helsinki and local legal and 
regulatory requirements. 

Participants 

Patients referred for single-implant treatment in the maxillary aesthetic zone were con
sidered for inclusion if they fulfilled the following criteria: 

• at least 1 8  years of age; 
• one missing tooth being an incisor, canine or first premolar in the 

maxilla with adjacent natural teeth ; 
• space width with mesial-distal width of at least 6 mm. 

Patients were excluded from participation in this study if they met one of the following 
criteria: 

• American Society of Anesthesiologists (ASA) physical status 
classification system score � 1 1 1 ;  10  

• presence of clinically active periodontal disease as expressed by 
probing pocket depths � 4 mm in combination with bleeding on probing; 

• presence of peri-apical lesions or any other abnormalities in the 
anterior region of the maxilla as detected on a radiograph; 

• smoking < 3 months before bone augmentation (if applicable) 
or implant placement; 

• tooth extraction < 3 months before implant placement. 
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Figure 1 

Schedule of visits and procedures. 
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I n tervention 
Implant placement 
The implants used in this study were 3.3 mm Bone Level NC® and 4.1 mm Bone Level 
RC® implants (lnstitut Straumann AG). A bone augmentation procedure was carried 
out if insufficient bone volume was present.1 1 As a grafting material, autogenous bone 
from the retromolar-ramus was used. Implants were inserted 3 months after the aug
mentation procedure. 

Prophylactic antibiotic therapy started one day before implant placement surgery 
(amoxicillin 500 mg, three times daily for 7 days or clindamycin 300 mg, four times 
daily for 7 days in case of amoxicillin allergy). Patients were instructed to use a 0.2% 
chlorhexidine mouthwash (two times daily for 7 days) for oral disinfection starting one 
day prior to surgery. Following local anesthesia, a slightly palatal crest-incision was 
made with extensions through the buccal and palatal sulci of the adjacent teeth and 
a divergent releasing incision at the buccodistal aspect of the distal tooth. A minimal 
mucoperiosteal flap was raised to expose the alveolar ridge. To obtain an ideal position 
for the implant and subsequent implant crown, a surgical template was used. 

Local augmentation with autogenous bone chips and anorganic bovine bone 
(Geistlich Bio-Oss, Geistlich Pharma AG, Wolhusen, Switzerland) covered with 
Geistlich Bio-Gide membrane (Geistlich Pharma AG) was performed when parts of the 
implant remained uncovered or when the bone wall thickness buccally to the implant 
was less than 2 mm. It was aimed for a thickness of the labial bone of at least 2 mm. 
The wound was closed with Ethilon 5-0 nylon sutures (Johnson & Johnson Gateway, 
Piscataway, NJ , USA). 

Healing phase 
During the healing phase, patients wore a removable partial denture that did not 
interfere with the wound. Patients were instructed in post-operative dental hygiene 
procedures. Sutures were removed 2 weeks after surgery. After 3 months, implants 
were uncovered and a healing abutment (lnstitut Straumann AG) was placed. 

Prosthetic phase 
One week after second-stage surgery, an implant-level impression was made. A screw
retained provisional crown was screwed directly onto the implant with 35 N cm with a 
manual torque wrench (lnstitut Straumann AG). After a provisional phase of 3 months 
(i .e. , 6 months post implant placement) , a final impression was taken at implant level. In 
the dental laboratory, a soft tissue cast was prepared. After placement of a scanbody 
(Straumann Scanbody®, lnstitut Straumann AG) in the implant analogue (Implant ana
log, lnstitut Straumann AG) , the cast was scanned with an Etkon es 1 scanner (Etkon 
es1 ®, Etkon, Grafelfing, Germany) according to the manufacture's guidelines. Subse
quently, a CARES custom abutment was designed using the CAD abutment manager 
software. The digital design was transferred to the milling center (CADCAM Milling 
Production Europe, Straumann CADCAM GmbH, 
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Markleeberg, Germany) where a ZrO2 abutment was milled. Depending on the location 
of the screw access hole, the final crown was either cement-retained using a zirconia 
coping (CADCAM Milling Production Europe, Straumann CADCAM GmbH, veneered 
with porcelain (Emax Ceram, lvoclar Vivadent, Liechtenstein; n= 27) or screw-retained 
(n= 33) by fusing porcelain (Emax Ceram) directly to the abutment. Abutment screws 
were torqued to 35 Nern. Cement-retained crowns were cemented with glass ionomer 
cement ( Fuji Plus, GC Europe, Leuven, Belgium). The mutually protected articulation 
concept was used for the implant supported restoration. 

Outcomes 
Before implant placement (Tpr) and 7 months (T7m, i .e. 1 month after definitive crown 
placement, 4 months of functional loading, 7 months after implant placement) and 18 
months after implant placement (T, am' 1 2  months after definitive crown placement and 
1 5  months of functional loading) , patients were seen for clinical data collection and 
photographic assessment. Radiographic assessment took place after implant place
ment (baseline, T0) and 7 (T7m) and 18 months (T1 8m) after implant placement. Outcome 
variables were survival rate, marginal bone level changes, buccal marginal recession, 
papilla height change, papilla volume, presence of plaque, bleeding on probing, probing 
pocket depth, aesthetics and patient satisfaction. 

Survival rate 
Survival rate was determined at T7m and T, am ' and was defined as the percentage of the 
implants that remained in the mouth. 

Radiographic evaluation 
Change in marginal bone level was calculated from standardized digital intra-oral 
radiographs taken with an individualized aiming device as described by Meijndert et 
al. 1 2  Full-screen analysis of the radiographs was performed using the known implant 
diameter as a reference value for calibration of the radiograph. One examiner evalu
ated all radiographs. The vertical distance from the shoulder of  the implant to the first 
bone-to-implant contact was measured at both the distal and mesial site of the implant. 
In addition, the vertical distance from a reference line on top of the implant shoulder 
to the first bone-to-tooth contact at the neighboring sites of the adjacent teeth was 
measured. 

Photographic evaluation 
Standardized digital photographs (camera: Fuji-film FinePix S3 Pro) were taken at Tpre ' 
T7m and T, am using a technique that has been described comprehensively by Meijndert 
et al. 1 2  An additional photograph was taken while a periodontal probe was held in close 
proximity and parallel to the long axis of the adjacent tooth. The known dimensions of 
the periodontal probe allowed calibration of the photographs. Full-screen analysis of 
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the photographs was performed using a digital picture editing program (Adobe P hoto
shop CS3 Extended, Adobe Systems Inc., San Jose, USA). 

T he following variables were assessed on the photographs, both at the implant and 
adjacent teeth: 

• Buccal marginal recession : the change between different follow-up 
examinations, in vertical distance from the incisal edge of the crown 
to the soft tissue margin at the midbuccal aspect of both the implant 
and adjacent teeth;  

• Papilla height change: the change between different follow-up exami
nations, in vertical distance from the line through the incisal edges of 
the implant crown and crown of the adjacent tooth to the most coro
nal point of the papilla; 

• Papilla volume: assessing the mesial and distal papilla adjacent to 
the implant using the papilla index 1 3: O=no papilla, 1 = less than half 
of the papilla fills up the proximal space, 2 = at least half of the pa
pilla is present but not all the way up to the contact point, 3=papilla 
fills up the entire proximal space, and 4=papilla is hyperplastic. 

Clinical evaluation 
The following clinical variables were assessed, both at the implant and adjacent teeth 
at Tpre (only adjacent teeth), T7m and T1 8m: 

• Plaque: assessed at four sites per implant/adjacent tooth (mesial, 
buccal, distal and lingual) using the modified plaque index 14 : O = no 
detection of plaque, 1 =plaque can be detected by running a probe 
across the surface of the crown, 2 =plaque visible with the naked 
eye, and 3=abundance of plaque; 

• Bleeding: assessed at four sites per implant/adjacent tooth (mesial, 
buccal, distal and lingual) using the modified sulcus bleeding index 14 : 

O=no bleeding running a periodontal probe along the sulcus, 1 = iso
lated bleeding spots visible, 2=a confluent red line of blood along 
the gingival margin, and 3=profuse bleeding; 

• Probing pocket depth : measured to the nearest 1 mm using a manual 
periodontal probe (Williams Color-Coded Probe, Hu-Friedy, Chicago, 
IL, USA) at the mesial, buccal, distal and lingual aspects of the 
implant and adjacent teeth. 
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Aesthetic evaluation 
Aesthetic outcome was assessed on standardized digital photographs (camera: Fuji
film FinePix S3 Pro) taken at T1 8m_T he implant crown and adjacent dentition were cap
tured on one photograph centered at the facial midline. Of implant crowns replacing the 
lateral, canine or bicuspid, two additional photographs were taken on which the implant 
and contralateral tooth were captured. 

Peri-implant mucosa and implant crown aesthetic outcomes were determined us
ing the Implant Crown Aesthetic Index (ICAl) 1 5 and the Pink Aesthetic Score-White 
Aesthetic Score (PES-WES). 1 6 Measurements were carried out independently by two 
examiners. T he results were averaged. 

Patient satisfaction 
Patient satisfaction was assessed at T7m and T1 8m using a questionnaire17 consisting of 
questions regarding form and color of the crown and form and color of the peri-implant 
mucosa. Answers were to be given using a five-point scale ranging from 'very dissat
isfied' to 'very satisfied'. Overall satisfaction was questioned using a 100 mm visual 
analogue scale (VAS) with word descriptors 'very dissatisfied' and 'very satisfied' on 
the left and right end respectively. 

Statistical methods 
Data analysis was performed using a statistical software package (PASW Statistics 
18.0, SPSS Inc. : IBM Corporation, Chicago, IL, USA). Non-normally distributed vari
ables were analyzed using the Wilcoxon signed-rank test. Between-group comparisons 
were statistically explored with Mann-Whitney U test. 

Dependent dichotomous variables were analyzed using the McNemar test. T he 
inter-examiner reliability was assessed based on 15 randomly selected photographs 
independently evaluated by two examiners using both aesthetic indices. T he intra
observer reliability has been reported as acceptable in earlier studies. 1 5

•
16 
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RESULTS 

Baseline demographic and clinical characteristics are depicted in Table 1. All pa
tients completed the study and attended the follow-up visits. The majority (65%) of 
the implants were placed at the position of the central incisor. Most patients needed 
implant treatment because of tooth loss directly or indirectly related to trauma (fracture, 
unsuccessful endodontic treatment, root resorption). Bone augmentation was per
formed in 29 of the 60 patients and 33 restorations were screw-retained versus 27 
cement-retained. 

No implants were lost during the study resulting in an implant survival rate of 100% 
at T

1 8
m. Mesial and distal bone level changes are summarised in Table 2. The mean 

bone level change at the implants was -0.08 ± 0.24 mm from T
0 

to T
7
m and -0.10 ± 

0.27 mm from T
0 

to T
1 8

m. There was no difference in mean marginal bone level changes 
between augmented (-0.08 ± 0.17 mm, [95% Cl = 0.04- 0.12]) and non-augmented 
sites (-0.12 ± 0.34 mm) ([95% Cl = (0.02-0.1 O) ]; p = 0 .28, Mann-Whitney U test). The 
type of restoration (screw-retained versus cement-retained) showed no difference in 
mean marginal bone level changes (p = 0 .72, Mann-Whitney U test). 

The level of the mid-buccal peri-implant mucosa remained stable after placement of 
the definitive crown, while a gain in papilla height was observed between T

7
m and T

1 8m 
(mean 0.23± 0.41 mm). From Tpre to T

1 8
m, the mid-buccal gingival level of the adjacent 

teeth showed a mean recession of 0.21 ± 0.43 mm. No differences in mid-buccal mu
cosa recession between augmented and non-augmented sites (p =0.19, Mann-Whit
ney U test) and type of restoration (screw-retained versus cement-retained, p =0.41, 
Mann-Whitney U test) were found. Gingival recession predominantly occurred during 
the first 7 months after adjacent implant placement (Table 2). Only one implant showed 
more than 1 mm recession. The volume of the mesial papilla, as determined by the 
papilla index, increased significantly from T

7
m to T

1 8
m (p = 0 .009, Wilcoxon signed rank 

test). The volume of the distal papilla did not significantly change between both exami
nations. In three patients either one of the papillae was absent (score 0), whereas in 
12 patients the papillae completely filled both the mesial and distal interdental space 
(score 3). Seven patients received score 1 as the least score for the mesial and/or the 
distal papilla and 38 patients received a worst score of 2 (at least half of the papilla 
present) (Figure 2). 

At T
1 8

m, 15% of the implants/patients harboured plaque at the mesial, distal, buc
cal or lingual site of the implant, whereas plaque at the adjacent teeth was observed 
in 13.3% of the patients. Bleeding on probing was seen more frequently at implants 
(38.3% of implants/patients) than at adjacent teeth (23.3% of patients) (p <0.0032, 
McNemar) , but remained constant over time both for implants and adjacent teeth 
(Figure 3). However, not reaching the level of significance, probing pocket depths at 
implants showed a tendency to decrease between T

7
m and T

1 8
m (p= 0 . 09, Wilcoxon 

signed rank test) , whereas probing pocket depths at adjacent teeth remained stable. 
At two implants a probing pocket depth of 5 mm was observed (Table 3). All other prob
ing pocket depth measurements fell within the range of 2 to 4 mm. (Figure 4). The type 
of restoration revealed no difference (p = 0 .65, Mann-Whitney U test). 
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Table 1 

Summary of demographic and baseline characteristics. 

N = 60 

Mean age (SD) in  years 36.9 ( 1 5.09) 

Range of age in years 1 8 - 7 1  

Male/female rat io 29 / 31  

""'" Implant site locat ion 1 1  / 12 / C/ P1 39 / 1 0 /  5 / 6 

Implant d iameter 3.3mm / 4. 1 mm 1 2  / 48 

Implant length 1 2mm/ 1 4mm 1 6 /  44 

Augmentation before surgery*, n 29 

Reason for tooth loss, n 
Fracture 

29 
Unsuccesfull endodontic treatment 

1 9  
Root resorption 

5 
Periodontal disease 

4 
Agnesis 

3 

Type of final restoration, n 
Screw-retained 33 
Cement-reta ined 27 

* Implant was placed 3 months later 
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Table 2 

Change in marginal bone level and marginal soft tissue levels at implant and tooth sides from 

baseline to 18 months. 

Margina l  bone level changess (mm) 
Mesial of implant 

Distal of implant 

Mesial tooth side 

Distal tooth s ide 

Implant bone loss* (%) 

0 - 0.5 mm 

0.5 - 1 mm 

1 - 1 .5 mm 

1 .5 - 2 mm 

� 2 mm 

Marginal soft tissue level changess (mm) 
Mesial implant papil la 

Distal implant papil la 

Mid-facial of implant 

Mesial tooth 

Distal tooth 

Base l ine11 
- T7m T7 - T 1  Sm Basel ine11 

- T 1  Sm 

- 0.05 ± 0. 1 6  - 0.01 ± 0. 1 0  - 0.06 ± 0. 1 7  

- 0. 1 0  ± 0.35 - 0.03 ± 0. 1 6  - 0. 1 4  ± 0.40 

- 0.01 ± 0.09 0.02 ± 0.08 0.0 1 ± 0 . 1 2 

- 0.02 ± 0. 1 8  0.00 ± 0. 1 4  - 0.01 ± 0.2 1 

97.5 1 00 95.8 

0 0 0.8 

1 .7 0 2.5 

0 0 0 

0.8 0 0.8 

0. 1 9  ± 0.39 

0.27 ± 0.46 

0.04 ± 0.29 

- 0. 1 3  ± 0.32 - 0.06 ± 0.26 - 0. 1 9  ± 0.41 

- 0. 1 9  ± 0.39 - 0.03 ± 0.33 - 0.22 ± 0.48 

# After implant placement for bone levels, prior to implant placement for soft tissue levels. 

Means ± standard deviations. 
* Mesial and d istal s ides combined. 
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Figure 2 

Frequency distribution of papilla index scores at 7 and 18 months after implant placement. 
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Figure 3 

Frequency distribution of bleeding index scores of implants and adjacent teeth at 18 months after 

implant placement (highest score per implant/tooth). 
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Table 3 

Probing pocket depths at implant and tooth sides from baseline to 18 months. 

* 

Pocket depth (mm) 

Mesial of implant 

Distal of implant 

Mid-facial of the implant 

Pa latal of the implant 

Proximal of teeth* 

Mid-facial of teeth 

Palata l of teeth 

Basel ine# T7m T1 8m 

2.82 ± 0.65 2.67 ± 0.7 1 

2.88 ± 0 .72 2.75 ± 0.68 

2.58 ± 0 .59 2.68 ± 0.62 

2.38 ± 0.54 2 .24 ± 0.48 

2. 1 5  ± 0.45 2.08 ± 0.43 2 . 1 0  ± 0.52 

1 .47 ± 0.53 1 .53 ± 0.57 1 .49 ± 0.45 

1 .38 ± 0.38 1 .40 ± 0.42 1 .40 ± 0.34 

After implant placement for bone levels, prior to implant p lacement for soft tissue levels. 

Mesia! and d ista l sides combined. 
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Figure 4 

Frequency distribution of probing pocket depth at 18 months after implant placement (highest 

score per implant). 
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The ICAI showed satisfactory inter-observer agreement with a weighted K-value of 
0.61. A weighted K-value of 0.72 and 0.61 for the PES and WES, respectively, was 
calculated showing also satisfactory inter-observer agreement for these indices. 

According to the ICAI , 40 patient cases (66.7%) showed satisfactory or excellent 
mucosa aesthetics. ICAI mucosa showed significantly worse scores (p =0.004, Mann
Whitney U test) when bone augmentation prior to implant placement was conducted. 
A PES-score of more than 6 (acceptable mucosa aesthetics) was given in 71.7% of 
the cases. The PES also showed a significant difference between augmented (6.3) 
and non-augmented cases (7.5) (p =0.02 ,  Mann-Whitney U test). A total of 45 cases 
showed satisfactory crown aesthetics on the ICAI (75%) , whereas a WES-score higher 
than 6 (acceptable crown aesthetics) was given in 86.7% of the cases (Table 4). 

The type of restoration revealed no difference (p =0.73 ,  Mann-Whitney U test). The 
patient satisfaction was high as demonstrated in Table 5. General patient satisfaction 
as scored using the VAS ranged from 6 to 10. 

Compl ications 

All 60 patients had a stable and functional prosthetic restoration at T, sm · During the 
follow-up period, one patient returned to the prosthodontist with a porcelain fracture. 

s:;:t" Because it was a screw-retained restoration, the crown could easily be removed and 
w sent to the laboratory for repair. No screw loosening or other mechanical complications 

� occurred. 
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Table 4 

ICAI mucosa, ICAI crown, PES and WES scores. 

Excellent 

Satisfactory 

Moderate 

Poor 

Mean ± SD 

Range 

I CAI mucosa I CAI crown PES WES 

1 (1.7 %) 

39 (65.0 %) 

13 (21.7 %) 

7 (11.7 %) 

2 (3.3 %) 

43 (71.7 %) 

12 (20.0 %) 

3 (5 %) 

6.9 ± 1.8 

2 - 9.5 

7.5 ± 1.7 

4 - 10 

Table 5 

Patient satisfaction. 

* 

Number of 

Co lour  of Fo rm of G e�e ra l 

pat ient  Colou r of  Form of th e mucosa the m ucosa . f sa t 1s  act ion the crown th e crown c1 ro� nd a ro� nd (VAS-score ; 
the  imp la nt t he i m p l ant  

me a n ± SD) 

patients being  57  (95.0 %)  
satisfied (%)* 

58 (96.7 %) 54 (90.0 %) 52 (86.7 %) 8.9 ± 1 . 1 

Measured on 5-point scale (4 or 5 equals satisfied and very satisfied respectively) 
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DISCUSSION 

This study eval uated the performance of the Straumann Bone Level Implant for sin
gle-tooth replacements in the aesthetic zone. The 18-month implant survival rate was 
100%.  The other radiographic, clinical and aesthetic parameters also showed excel lent 
resu lts. Sites with bone augmentation prior to implant placement did not show differ
ences in marginal bone level changes, however, mucosa aesthetics were significantly 
worse compared to non-augmented sites. 

A meta-analysis published in 2008 on the implant survival of conventional ly placed 
and conventional ly loaded implants in the aesthetic zone revealed an implant survival 
rate after one year of 92.8% (95% Cl 82.7-97.2) . 1 This is somewhat lower than the sur
vival rate found in the present study, indicating that the Straumann Bone Level Implant 
performs at least equal ly wel l  as other implant systems with regard to establishment of 
osseointegration. A recent prospective study using 20 Straumann Bone Level implants 
with an early placement protocol reported a mean marginal bone loss of 0 .18 mm af
ter 36 months of loading. 1 8 Frequency analysis demonstrated minimal bone resorption 
( < 0 .25 mm) for 15 out of 20 implants. Of 20 implants, only two showed bone loss 
between 0 .5 and 1 . 0  mm . This observation resembles our findings of almost negligible 
bone loss. In the present study little marginal bone loss was observed 18 months after 
implant placement (0 .1 0  mm) . Frequency analysis demonstrated minimal bone resorp
tion ( < 0 .50 mm) for 57 out of 60 implants. Of 60 implants, onl y  two showed bone loss 
between 1 .0  and 1 .5 mm while one implant showed more than 2. 0 mm bone loss. Most 
bone loss occurred during the first 7 months after implant p lacement and virtual ly 
no bone loss occurred after placement of the definitive crown, indicating stable bone 
levels. The amount of bone loss after definitive crown placement found in the present 
study (0 . 02 mm) is low compared to what has been reported in other studies on conven
tional single-tooth implant therapy in the aesthetic zone. A meta-analysis conducted 
in 2008 revealed a mean bone loss of 0 .20 mm (95% Cl : [ 0 . 034-0 .36]) occurring from 
definitive crown placement to 1 year thereafter. 1 In a more recent study, Meijndert et 
a l .  reported a mean marginal bone loss of 0 .14 mm using the Straumann aesthetic plus 
implant (SLA surface) . 1 9 Den Hartog et a l .  reported a comparable amount of bone loss 
(0 .11 mm) after definitive crown placement using the NobelReplace tapered groovy 
implant (Nobel Biocare AB) .20 In both studies loading protocols and techniques for 
taking and analysing the standardized radiographs were similar to the present study. 
However, Den Hartog et a l .  found noticeably more bone loss in the initial healing phase 
(0 .80 mm from implant p lacement to crown placement) compared to the present study 
(0 .10 mm) .  It is hypothesized that this difference is caused by differences in implant 
surface, the design of the implant abutment-connection providing a good seal between 
the implant and the abutment and the platform switch design .  These factors might 
reduce the amount of bone loss observed during the establishment of the biological 
width. However, thereafter stable bone levels can be reached in both situations. 

The level of the mid-buccal peri-implant mucosa! margin remained stable during 
the fol low-up period, as cou ld be derived from the low amount of mucosa! recession 
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(0.04 mm between T7m and T1 8m) that has been found in the present study. Only one 
implant showed more than 1 mm recession. It might be hypothesized that these stable 
buccal peri-implant mucosa levels are the result of the stable marginal bone levels. T his 
is consistent with the results of Nisapakultorn et al. who found that the facial marginal 
mucosal level is, amongst other factors such as peri-implant biotype, the implant fixture 
angle and the depth of implant platform, affected by the facial bone crest level, the 
interproximal bone crest level and the level of first bone to implant contact.2 1  However, 
Cairo et al. concluded in a systematic review, that future mucosal recession around 
dental implants is not associated with peri-implant bone level.22 

The volume of the interdental papilla, as indicated by the papilla index, significantly 
increased during follow-up (from T7m to T1 8m). The papilla height also increased during 
that same interval (by on average 0.23 mm).  Several studies have shown that the level 
of the interdental papilla is independent of the peri-implant marginal bone level, but is 
related to the marginal bone level at the adjacent teeth. 2 1 , 23-27 In the present study, the 
marginal bone levels of adjacent tooth sites were very stable during the entire study 
period, from pre-implantation to 18 months of follow-up. However, this does not explain 
the increase in papilla height and fill that has been observed after placement of the 
definitive crown. A possible explanation for this phenomenon might be the increase 
in pressure on the peri-implant soft tissues resulting from replacing a healing abut
ment or provisional crown by a definitive crown with larger dimensions. It has been 
found that insertion of an implant crown (without any previous soft-tissue conditioning 
or prosthodontic treatment) affects the peri-implant mucosa morphology by an apical 
displacement at the mid-facial aspect, but a coronal displacement at the mesial and 
distal sites. 1 8 Although it is expected that most change in papilla volume will occur im
mediately after placement of the crown, soft tissues might need more than one month 
to mature and establish their 'definitive' position and dimensions. 

The gingiva of the adjacent teeth showed less bleeding on probing than the peri
implant mucosa. A possible explanation might be the anatomical variability between 
gingiva and peri-implant mucosa, making the latter more prone to damage as a result of 
probing pockets.28 

In the present study, the aesthetic outcome of the treatment was evaluated using 
two different objective indices: the ICAI and the PES/WES. Using the ICAI peri-im
plant mucosa aesthetics were rated as satisfactory in 66. 7% of the patients, the crown 
aesthetics were satisfactory in 75% of the cases. The ICAI has been used in two other 
studies performed at the same research clinic as our study applying the delayed load
ing protocol in the aesthetic zone. 1 7•29 Den Hartog et al. reported satisfactory results 
for peri-implant mucosa and crown aesthetics in respectively 56.5% and 62% of the 
patients and Meijndert et al. reported an overall satisfaction of 66%. The overall results 
from the PES/WES were also satisfying, showing a score of 6.9 for the PES and 7.5 for 
the WES. Comparable result were found by Den Hartog et al (6.3 and 7 .3 respectively) 
using the same loading. 1 7 Both the ICAI and the PES/WES revealed less favourable 
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results for the peri -implant mucosa compared to the crown. 
A significant difference was found between augmented and non-augmented cases 

with both the ICAI mucosa and PES indicating less favourable aesthetic outcomes after 
augmentation. Because there was no difference in mean marginal bone loss between 
augmented and non-augmented sites, the less favourable preoperative situation lead
ing to augmentation is in our opinion responsible for the differences in aesthetic out
comes regarding ICAI mucosa and the PES. Furthermore , the surgical procedure leads 
to the formation of scar tissue therefore compromising aesthetics. 

Patient satisfaction was very high and comparable to other studies. 1
•
30

•
3 1  Patients 

were satisfied both with the appearance of the peri - implant mucosa (88.3%) and the 
crown (9 1.7%) . A difference exists between the professional and patient perception of 
the aesthetic outcomes, as is consistent with what can be found in the l iterature. 1 7•29•32 

Differences in relevance of factors affecting the aesthetic outcome between patients 
and professionals could explain the discrepancy in aesthetic perception.32 Furthermore, 
the final appreciation of the patient could have been effected by the preoperative situ
ation. When the preoperative situation is compromised and the patient has a realistic 
expectation , the patient might be satisfied with the final result even when the outcome 
of an objective aesthetic index is poor. The aesthetic indices were not applied preop-
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CONCLUSION 

From the present prospective, clinical study it can be concluded that the Straumann 
Bone Level Implant shows a high survival rate, little marginal bone loss and good clini
cal and aesthetic results. Bone augmentation prior to implant placement does not lead 
to more marginal bone loss but shows less favorable aesthetic outcomes compared to 
non-augmented sites. No differences were found between cement-retained and screw
retained restorations. 
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containing stannous fluoride and sodium fluoride on biofilms formed on indirect compos
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ABSTRACT 

Introduction 

Dentifrices containing antimicrobial agents could aid in reducing biofilms on implant
supported restorations. The aim of this study was to compare the antimicrobial efficacy 
of a dentifrice containing Snf 2 with a dentifrice without antimicrobial claims containing 
NaF on in vivo biofilms formed on implant-supported restorations made from compos
ite resin or ceramics. 

Material and methods 

Sixty adult patients in need of an implant-supported restoration in the anterior maxilla 
were randomly allocated to one of four groups. Patients received either a screw
retained provisional implant-supported restoration made of a polyetheretherketone 
(PEEK) abutment veneered with composite resin or a screw-retained definitive implant
supported restoration made of an individual zirconia abutment veneered with porcelain. 
Patients used either dentifrice containing 0.243% NaF (NaF group) or dentifrice con
taining 0.454% Snf 2 (Snf 2 group). After three months, the restorations were carefully 
removed and biofilms were collected and dispersed. Total bacterial counts were deter
mined using a phase contrast microscope, while bacterial viability was assessed using 
fluorescence microscopy after LIVE/DEAD staining. 

Results 

Our study showed a significantly lower viability and higher total amount of living bac
teria (p<0.001) in biofilm collected from PEEK/composite restorations (test specimen 
compared to biofilms collected from zirconia/porcelain restorations (controls) . The total 
amount of living bacteria was significantly higher in the NaF group (p =0.044) com
pared to the Snf 2 group. For these groups no significant difference was found in total 
count of both living and dead bacteria (p=0.095) . 

Conclusion 

More bacteria (both alive and dead) reside on PEEK/composite restorations compared 
to zirconia/porcelain restorations. However, it is unknown whether this thicker biofilm 
leads to an increased incidence of peri-implant mucositis because we did not evaluate 
this. Therefore, the clinical implications of higher amounts of bacteria found on PEEK/ 
composite compared to zirconia/porcelain are unknown. 
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INTRODUCTION 

Gingivitis and peri-implant mucositis are a direct result of a microbial induced infection 
at the gingival/peri-implant mucosa! margin modulated by the host response. 1 Specific 
microbial populations and pathogenicity have been correlated with disease process
es. In the mouth , however, a more generalized non-specific correlation between oral 
biofi lm and soft tissue disease is supported by the universal development of exper i 
mental gingivitis in  patients. 2

•
3 A similar cause/effect relationsh ip has been shown for 

the accumulation of bacterial biofilm and the development of peri-implant mucositis.4 

Furthermore, frequent and effective oral hygiene is a proven, effective route for the 
maintenance of soft tissue health. 5 

Most patients find it difficult to remove plaque through brush ing alone and use com
mercial dentifrices in their daily hygiene regimen to enhance plaque control. Because of 
their frequent application, dentifrices can be used to deliver chemotherapeutic bene
fits. Strong evidence exists that antiseptic agents are efficacious for controlling plaque 
and gingivitis. 6 Generally, three major groups of antimicrobial agents in dentifrices are 
distinguished; triclosan, zinc, stannous and amine fluorides.7 The antimicrobial agents 
can be combined with other ingredients such as detergents to enhance their perfor
mances. The stannous fluoride/sodium hexametaphosphate (SnF /SHMP) dentifrice 
formulation combines the therapeutic benefits of 0.454% stabilized stannous fluoride 

L.!) with the calculus and stain-control characteristics of sodium hexametaphosphate. Most 
UJ of the oral health benefits of stannous fluoride result from its antibacterial efficacy, par-

� ticularly against bacteria associated with dental caries, periodontal disease, and oral 

[5 malodour. Laboratory and clinical studies have shown that stannous fluoride, unlike 
other fluorides, inhibits bacterial growth by a variety of mechanisms, including interfer
ence with metabolic pathways, thus reducing bacterial acid formation and inhibition of 
bacterial cohesion and adhesion. 8• 1 0  

Although oral hygiene is very important in controlling biofilms on implant-supported 
restorations, the materials used to fabricate such restorations may also play an impor
tant role in preventing peri-implant disease. 1 1 Therefore, materials must not only have 
good mechanical properties ,  but must also possess a minor susceptibility to microbial 
adhesion. 1 1• 1 3 It is therefore most important to use materials that reduce the number of 
initially adhering bacteria on the transmucosal parts of implant supported restorations 
to minimize oral biofilm formation and subsequent inflammation of soft tissues. 14• 15 

In implant dentistry provisional and defin itive restorations are used, each manufac
tured from different materials and consisting of an abutment and a veneering material. 
In the aesthetic zone, provisional restorations are commonly used prior to the final 
restoration. Provisional restorations are used to enhance soft-tissue contours and to 
diagnose static and dynamic clinical variables that determine the final design of the 
restoration. Different approaches have been suggested for fabrication of implant sup
ported provisional restorations. Such restorations could be fabricated either chairside 
or, when the aesthetics are more demanding, at the dental laboratory. 16  When the pro
visional restoration is made in the dental laboratory, indirect laboratory composite resin 
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such as Estenia (Kuraray, Inc, Osaka, Japan) and Solidex (Shofu, Inc, Kyoto, Japan) is 
the material of choice due to its mechanical properties, good aesthetics and relatively 
low costs. Definitive implant-supported restorations are usually made of porcelain. 

Biofilm formation will not be limited to the veneering material of the implant-sup
ported restoration. A biofilm will also form on the (provisional) abutment. Provisional 
abutments are made of titanium or polyetheretherketon (PEEK) .17 Abutments of defini
tive implant-supported restorations are usually made of titanium in the posterior re
gion, while zirconia has become the golden standard in the anterior (aesthetic) region. 1 8  

To our knowledge, no studies have been conducted on the influence of the materials 
used in provisional and definitive implant-supported restorations on biofilm formation 
in vivo. 

Direct counting of bacteria with a phase contrast microscope is a commonly used 
method to assess the number of adhering bacteria on a specific surface. The lower 
the number of collected bacteria, the lower the risk of inflammation of soft tissues. 14 

Two-colour live/dead staining techniques complement the information on the attached 
biofilm in a more qualitative way, allowing determination of the proportion of live and 
dead bacteria, i.e. the viability of the biofilm. A high viability may form a risk factor for 
soft tissue inflammation, although it has also been speculated that a high number of 
dead bacteria plays a role in the formation of biofilms.1 3 

The aim of this study was to evaluate the intra-oral antimicrobial efficacy of den
tifrice containing SnF/SHMP on sub-ginigival biofilms formed on PEEK/composite 
resin and zirconia/porcelain implant-supported restorations. 
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MATERIALS AND METHODS 

Patient selection 

Sixty consecutive patients in need of an implant-supported restoration in the anterior 
maxil la ,  referred to the Department of Oral and Maxillofacial Surgery (University Medi
cal Center Groningen, the Netherlands) were considered for inclusion. 

Inclusion criteria for this study were: 

• need for an implant supported dental restoration to replace a 
maxi l lary lost tooth at the location of an incisor, cuspid, or first 
bicuspid; 

• sing le  tooth diastema; 

• sufficient occlusal and mesio-distal dimensions for insertion of one 
implant with a functional prosthetic restoration; 

• good oral hygiene and a healthy periodontal situation 
(see excl usion criteria) at the start of the treatment. 

LC) 

a: UJ Exclusion criteria for this study were: 

G 
• presence of clinical active periodontal disease as expressed by 

the presence of periodontal pockets � than 4 mm, gingival bleeding 
� class 2 of modified bleeding index, edema, g lazing , and redness; 

• presence of an acute inflammatory oral disease; 

• smoking ; 

• diabetes; 

• a history of pre-prosthetic or implant surgery at the same site as the 
planned augmentation and implantation. 

• a history of radiotherapy in the head and neck region or current 
chemotherapy; 

• disability (mental and/or physical)  to maintain basic oral hygiene 
procedures. 
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The patients were informed about the study and about the extra efforts associated with 
the study (evaluation visits) before they signed an informed consent. The study was 
approved by the Medical Ethical Committee of the University Medical Center Gronin
gen (METC 2009.057) .  

Surgical procedure 

The implants used in this study were 3.3 mm Bone Level NC® (lateral incisors) and 
4.1 mm Bone Level RC® (all other anterior teeth) implants (lnstitut Straumann AG, 
Basel, Switzerland). All implants were placed at least three months after tooth re
moval. A bone augmentation procedure was carried out if insufficient bone volume was 
present. As a grafting material, autogenous bone from the retromolar-ramus or maxil
lary tuberosity area combined with anorganic bovine bone (Geistlich Bio-Oss, Geistlich 
Pharma AG, Wolhusen, Switzerland) was used. The augmented bone was covered with 
a Geistlich Bio-Gide membrane (Geistlich Pharma AG). Implants were inserted three 
months after the augmentation procedure. 

Prophylactic antibiotic therapy started one day before implant placement surgery 
(amoxicillin 500 mg, three times daily for 7 days or clindamycin 300 mg, four times 
daily for 7 days in case of amoxicillin allergy) . Patients were instructed to use a 0.2% 
chlorhexidine mouthwash (two times daily for 7 days) for oral disinfection starting one 
day prior to surgery. Following local anesthesia, a slightly palatal crest-incision was 
made with extensions through the buccal and palatal sulci of the adjacent teeth and 
a divergent releasing incision at the buccodistal aspect of the distal tooth. A minimal 
mucoperiosteal flap was raised to expose the alveolar ridge. To obtain an ideal position 
for the implant and subsequent implant restoration, a surgical template was used. The 
shoulder of the implant was placed at a depth of 3 mm apical to the most buccal and 
cervical part of the future clinical restoration for proper emergence profile. The alveolar 
bone was leveled to the top of the implant. Local augmentation with autogenous bone 
chips and anorganic bovine bone (Geistlich Bio-Oss) covered with Geistlich Bio-Gide 
was performed when parts of the implant remained uncovered or when the bone wall 
thickness buccally to the implant was less than 2 mm. The wound was closed with Ethi
lon 5-0 nylon sutures (Johnson & Johnson Gateway, Piscataway, NJ , USA). 

During the healing phase, patients wore a removable partial denture that did not 
interfere with the wound. Patients were instructed in post-operative dental hygiene 
procedures. Sutures were removed 2 weeks after surgery. After 3 months, implants 
were uncovered and a healing abutment (lnstitut Straumann AG) was placed. 

Study groups 

After second-stage surgery and before fabrication of the provisional restoration pa
tients were randomly assigned to one of four study groups with the use of a specifi
cally designed locked computer software program. Randomization by minimization was 
used to balance possible prognostic variables between the study groups. Minimization 
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was used for the variables plaque (assessed at four sites per adjacent tooth (mesial, 
buccal, distal and lingual) using the modified biofilm index 1 9 0: no detection of plaque, 
1: plaque can be detected by running a probe across the surface of the restoration, 2 :  
plaque visible with the naked eye, and 3: abundance of plaque) , bleeding (assessed at 
four sites adjacent tooth (mesial, buccal, distal and lingual) using the modified sulcus 
bleeding index 19: 0: no bleeding running a periodontal probe along the sulcus, 1: iso
lated bleeding spots visible, 2: a confluent red line of blood along the gingival margin, 
and 3: profuse bleeding) , age (::;30 years, >31 ::; 60 years, > 60 years) and location of 
the implant site (central incisor, lateral incisor, cuspid or first premolar). Patient char
acteristics are listed in Table 1 . 

Table 1 

Group characteristics at baseline. 

* 

Group N Implant location* ( n ) Male / Mean age 
female (SD) i n  years 

NaF /SLS group with provisional 15 I (10), L (2), C (2), P (1) 7/8 35.4 (14.89) 
restoration 

SnF21SHMP group with defi n itive 15 I (10), L (2), C (2 P (1) 7/8 36.8 (15.23) 
restoration 

Snf 21SHMP group with provisional 15 I (9), L (3), C (1 ) ,  P (2) 7/8 37.1 (15.98) 
restoration 

NaF/SLS group with defi nitive 1 48 I (9) , L (3) , C (0), P (2) 8/6 35.8 (14.73) 
restoration 

I = Central incisor, L = Lateral incisor, C = Cuspid, P = First premolar. 

One central incisor was not available for analysis. 
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RESULTS 

Patients were randomly al located to one of the fol lowing groups: 
• NaF /SLS group with provisional restoration: the provisional one-piece 

screw-retained implant-supported restoration was made of a Straumann PEEK 
provisional abutment veneered with "Solidex" composite resin; the patient used 
Crest® Regular dentifrice (containing 0 .243% NaF and SLS as a detergent) 
(Procter & Gamble, Cincinnati USA)) during three months of function (n= 15) ;  

• NaF/SLS group with definitive restoration: the definitive one-piece screw-retained 
implant-supported restoration was made of an individual zirconia screw-retained 
abutment veneered with porcelain; the patient used Crest® Regular dentifrice 
during three months of function (n= 15) ;  

• SnF/SHMP group with provisional restoration: the provisional one-piece screw
retained implant-supported restoration was made of a Straumann PEEK 
provisional abutment veneered with "Solidex" composite resin; the patient used 
Crest Pro-Health® dentifrice (containing 0 .454% Snf 2 and SHMP as a detergent) 
(Procter & Gamble) during three months of function (n= 15) ;  

• Snf 2/SHMP group with definitive restoration: the definitive one-piece screw
retained implant-supported restoration was made of an individual zirconia screw
retained abutment veneered with porcelain; the patient used Crest Pro-Health® 
dentifrice during three months of function (n= 15) .  

Composite resin provisional implant-supported restoration fabrication 

Three months after implant placement, the cover screw was replaced by a healing 
abutment. Within a week after uncovering, an impression post was placed and an open 
tray impression was made at the implant level using a custom acrylic resin impression 
tray (Lightplast base plates; Dreve Dentamid GmbH, Unna, Germany) and a polyether 
impression material ( lmpregum Penta; 3M ESPE, St. Paul ,  Minn) . In the dental labora
tory, a soft tissue cast was prepared and a screw-retained provisional restoration was 
fabricated, consisting of a PEEK temporary abutment (Temporary abutment®,  lnstitut 
Straumann AG) with a composite resin veneer (Solidex; Shofu, Inc, Kyoto,  Japan) . 
After finishing the provisional restoration was polished with a green rubber point to 
achieve a smooth surface. One week after impression taking, the abutment was re
moved and a provisional restoration was placed and subsequently torqued to 35 Nern . 
After the screw hole was fil led with a cotton pel let and a composite resin (Clearfil AP-X; 
Kuraray Medical ,  Inc, Okayama, Japan) was placed to seal the access. A second pro
visional was stored for use after removal of the first provisional restoration for biofi lm 
col lection (after three months of function) . 
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DISCUSSION 

All ceramic definitive implant-supported restorati on fabrication 

The same impression taking protocol as mentioned in the Solidex restoration fabrica
tion section was used. After placement of a scanbody (Straumann NC Scanbody®, 
lnstitut Straumann AG) in the implant analogue (Implant analog, lnstitut Straumann 
AG), the cast was scanned with an etkon es1 scanner (Etkon es1 ® ,  Etkon, Grafelfing, 
Germany) according to the manufactures guidelines. Next, a CARES custom abutment 
was designed using the CAD abutment manager software. The approved digital design 
was transferred to the milling centre (CADCAM Milling Production Europe, Straumann 
CADCAM GmbH, Markleeberg, Germany) where a ZrO2 abutment was milled. The 
custom abutment was mounted on the cast and porcelain (Emax Ceram, lvoclar Viva
dent, Liechtenstein) was added directly to the abutment to create a screw-retained 
1-piece definitive restoration. T he restoration was placed and the abutment screw was 
torqued to 35 Nern. Finally, the screw hole was filled with a cotton pellet and a com
posite resin restoration (Clearfil AP-X; Kuraray Medical, Inc, Okayama, Japan) was 
placed. A second restoration made of composite resin was produced on the soft tissue 
cast according to the protocol mentioned in the Solidex restoration fabrication section. 
This second restoration was stored for use after removal of the first restoration (after 
three months of function). 

Oral hygiene protocol 

The patient was instructed to use the provided dentifrice for a period of three months. 
Use of other dentifrices was not allowed during this period. The patient returned to the 
prosthodontist once every month for the duration of the study for examination of the 
implant-supported restoration and oral hygiene evaluation. Patients were instructed 
to manually brush (Modified Bass Technique) their teeth twice per day. No interdental 
cleaning or use of mouth rinses was allowed. 

Biofilm collection and total count of bacteria 

After three months, the restoration was carefully removed and placed in a 10 ml tube 
containing 3 ml of reduced transport fluid (RT F).20 The tube was placed in an ultrasonic 
bath for five min to detach the biofilm. After centrifuging for 2 minutes at 4000 RPM, 
the pellet was suspended in 1.0 ml demineralized water and dispersed by sonication. 
Total bacterial counts were assessed using phase contrast microscopy (Olympus BH-
2 ,  Tokyo Japan) and a manual Burker T urk counting chamber (Marienfeld, Germany, 
depth O.Q1 mm). 

Live/dead staining and viability 

Thirty µI of the resulting bacterial suspension was put on a microscope glass slide and 
stained for 30 min in the dark with 80 µI LIVE/DEAD stain (Baclight TM , Molecular 
Probes Europe BV, Leiden, the Netherlands) containing SYTO 9 dye (3.34 mM,  fluores
cent green) and propidium iodide (220 mM , fluorescent red) to differentiate between 
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live and dead bacteria. Images were collected using a fluorescent microscope (LEICA 
DM4000 B, Leica Microsystems Heidelberg GmbH, Heidelberg, Germany) with beam 
path settings for fluorescein isothiocyanate and tetramethylrhodamine isothiocyanate
like labels. Five images (375 mm x 375 mm) were randomly taken from each biofilm 
sample immediately after focusing. The number of dead and live bacteria in each image 
were determined and averaged for the assessed effect per sample. The viability per 
sample was expressed as percentage live bacteria. 

Statistical analysis 

Group size was determined on the basis of the availability of a descriptive study with 60 
participating patients. 21 Therefore, each group consisted of 15 patients. Patients were 
not informed in which group they participated. The investigator was blind for dentifrice 
allocation. However, blinding for material was not possible due to the fact that the 
investigator had to remove the biofilm from the restoration and could therefore see 
whether it was an all ceramic or composite resin/PEEK implant-supported restoration. 

For the analysis of the influence of dentifrice, the groups with the same dentifrice 
were combined. The same was done with the analysis of the influence of the material. 
Statistical analysis was performed with the SPSS software package (PASW Statistics 
1 8.0, SPSS Inc. : IBM Corporation, Chicago, IL, USA). Data were analysed for differ
ences using Mann-Whitney U tests. p<0.05 was considered to be statistically signifi
cant in all tests. 

All 60 implant-supported restorations could be analysed except one ceramic resto
ration in the SnF/SHMP group. Due to late changes in the appointment schedule of 
the patient the analyst was not available at that time. The total amount of living and 
dead bacteria per dentifrice and per material are reported in Table 2. The total amount 
of living bacteria was significantly higher in the NaF group (p = 0 .044) compared to the 
SnF2 group. For these groups no significant difference was found in total count of both 
living and dead bacteria (p=0.095). The total count of both living (p = 0 . 0 01) and living 
and dead bacteria (p =0.001) was significantly higher on the PEEK/composite resin 
group compared to the zirconia/porcelain group. 

Biofilm formation on implant-supported restorations can lead to peri-implant dis
ease. Therefore, materials must be minor susceptible to microbial adhesion. 1 2  Three 
different types of studies to access bioadhesion properties of dental materials used for 
implant-supported restorations must be considered: in vivo studies (where biofilm is 
collected from the implant-supported restoration in the oral cavity), in situ studies (the 
test specimens are exposed in the oral cavity for a period of time and then collected) 
and in vitro studies (the test specimens are exposed to bacteria and/or collected sa
liva extraorally). 22 In vivo or in situ biofilm formation is preferred over in vitro biofilm 
formation because biofilm formation is decisively influenced by bacterial coadherence 
and coaggregation of different genus and species.23 These circumstances are difficult 
to mimic in vitro because usually only a few bacterial species are used in a laboratory 
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setting. Furthermore, the pellicle that covers all surfaces of the oral cavity has consid
erable influence in the bacterial adhesion to restoration surfaces. The pellicle is difficult 
to simulate in vitro.22 The use of screw-retained implant-supported restorations allowed 
the removal of the restoration with the attached undisrupted biofilm in whole from the 
oral cavity. It is believed that this is suitable model for studying biofilms on implant
supported restorations in vivo. 

The total amount of living bacteria was lower in the SnF
2 

group than in the NaF 
group indicating that 0.454% SnF 

2 
leads to a decrease in the total amount of living 

bacteria. He et al. conducted a study to evaluate the anti-biofilm efficacy of a 0.454% 
SnF 2 dentifrice compared to a regular anti-caries dentifrice and a triclosan-containing 
dentifrice.24 They found that the 0.454% Snf 2 containing dentifrice group resulted in 
directionally lower whole mouth biofilm scores when compared to the other dentifrices 
(p = 0.07) . This is consistent with our findings. However, it is impossible to translate 
our findings directly to clinical benefits at this moment. The lower total amount of liv
ing bacteria can not be directly related to better peri-implant health or lower risk for 
developing peri-implant diseases. More clinical research with qualitative analysis of the 
biofilm is necessary before any clinical relevance can be stated. 

Our study showed a significantly lower viability and higher total amount of living 
L!) bacteria for the biofilm collected from the PEEK/composite restorations compared to 
w the zirconia/porcelain restorations. It is hypothesized that the viability of a thick biofilm 

� is lower than a thin biofilm because of the lack of nutrients coming from the surface.25 

B This could explain why the viability of the biofilm on the PEEK/composite restorations 
was lower than the biofilm on the zirconia/porcelain restorations, although the total 
amount of living bacteria was higher. 

The biofilm that was collected from the restorations could originate from the abut
ment and/or of the veneering material. Volpe et al. conducted a study on early bac
terial colonization of PEEK and titanium healing abutments and found no significant 
differences in bacterial load between titanium and PEEK.26 It has been reported that 
ceramics exhibit the least bacterial adhesion compared to other dental restorative 
materials, although little is known about bacterial adherence on the surface of indirect 
composite resins such as Solidex.21·29 Aykent et al. concluded that indirect composite 
materials show higher surface roughness compared to ceramics.30 Surface roughness 
is thought to be an important factor in determining the amount of biofilm accumula
tion.13·31.32 Aside from the surface properties of resin materials, material components 
such as filler particles and the resin matrix, as well as polymerization conditions, might 
influence bacterial adhesion.33 Unfortunately, in the present study, the surface rough
ness of Solidex and ceramics was not evaluated. However, it is hypothesized that the 
difference in viability and total amount of living bacteria between the biofilm collected 
from the provisional restorations and the definitive restorations is due to the rougher 
surface of Solidex compared to ceramics. 

It seems that provisional restorations are more susceptible to biofilm formation. 

92 



Use of a dentifrice containing 0.454% Snf 2 could help to decrease in the total amount 
of living bacteria in this biofilm. However, the clinical consequences of these findings 
remain unknown. More clinical research with qualitative bacterial analysis is necessary 
to evaluate the effect on the peri-implant tissues. 

Table 2 

Amount of living and dead bacteria per dentifrice (NaF and SnF
2

) and per restoration material 

(PEEK/composite and zirconia/porcelain). 

Total amount l iving bacteria 

Total amount dead bacteria 

Total amount l iving bacteria 

Total amount dead bacteria 

Denti�rice / restoration N Median  Interquarti le  
materia l  Range 

NaF/SLS 30 1 .94 X 1 QB 4.37 X 1 QB 

SnF21SHMP 29 1 .54 X 1 QB 3.51 X 1 08 

NaF/SLS 30 2.35 X 1 08 5.30 X 1 QB 

SnF21SHMP 29 1 .59 X 1 08 3.63 X 1 QB 

(PEEK/composite) 30 4.54 X 1 08 3.02 X 1 08 

(zirconia/porcelain) 29 1 . 1 2 x 1 08 3.59 X 1 08 

(PEEK/composite) 30 5.40 X 1 08 6.92 X 1 07 

(zirconia/porcelain) 29 7 .66 X 1 07 4.73 X 1 07 
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CONCLUSIONS 

More bacteria (both alive and dead) reside on PEEK/composite restoration compared 
to zirconia/porcelain restorations. However, it is unknown whether this thicker biofilm 
leads to an increased incidence of peri-implant mucositis because we did not evaluate 
this. Therefore, the clinical implications of higher amounts of bacteria found on PEEK/ 
composite compared to zirconia/porcelain are unknown. 
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CHAPTER 6 

A NEW METHOD FOR 

DESIGNING AND 

MANUFACTURING A 

PROVISIONAL 

RESTORATION FOR A 

SINGLE IMPLANT IN THE 

MAXILLARY AESTHETIC 

ZONE: 

A CLINICAL REPORT 
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Vissink A, Den Hartog L ,  Meijer HJ. A new method for designing and manufacturing 
a provisional restoration for a single implant in the maxillary aesthetic zone: A clinical 
report. (submitted) 
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ABSTRACT 

Provisional implant-supported restorations represent an important step in deciding the 
shape and contour of the final restoration, which is mainly dependent on the matura
tion of the peri-implant soft tissues. T he use of computer aided designing (CAD) and 
computer aided manufacturing (CAM) simplifies the production of restorations, is not 
reducing strength and facilitates individual design. Recently, CAD-CAM technology has 
also become available for provisional screw-retained implant-supported restorations. 
T his clinical report describes a treatment in which a lost central incisor was replaced 
with a CAD-CAM produced screw-retained provisional restoration. 
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INTRODUCTION 

High success rates have been reported when a missing anterior tooth is replaced with 
an implant-supported crown.1-3 Good aesthetic results are important criteria for the 
definition of success. This involves the establishment of a soft tissue contour that is 
harmonious with the gingiva of the adjacent teeth and a crown in balance with the ad
jacent dentition.3·6 An anatomical provisional restoration is used to achieve harmonious 
peri-implant soft tissue.5-7 Provisional implant-supported restorations are particu larly 
important during long-term anterior temporization. They represent an important step in 
deciding the shape and contour of the final restoration, mainly dependent on the matu
ration of the peri-implant soft tissues.8 The provisional restoration is usual ly in function 
for three months, but this period can be prolonged if an extended evaluation period is 
required.9 Different approaches have been suggested to fabricate implant-supported 
provisional restorations.10 They can be fabricated either chair side or at the dental 
laboratory.7• 1 0- 1 5 If the provisional restoration is made in the dental laboratory, indirect 
laboratory composite resins and polymethylmethacrylates (PMMA) are used. 1 6• 1 8 Lay
ers of resin are applied to an healing abutment and cured to reach polymerization. After 
this, the restoration is finished and polished with rotating instruments. 

The advances in computer aided designing (CAD) and computer aided manufactur-
ing (CAM) have resulted in the introduction of milled titanium and zirconia ceramic 

co restorations in dentistry. 1 9•2 0  Use of CAD-CAM technology simplifies the production, is 
UJ not reducing the strength of the restoration and facilitates individual design of defini-

� tive restorations .21•22 Recently, CAD-CAM technology has also become available for 

G provisional restorations , but the method has not been described in detail in the current 
literature. 

The purpose of this clinical report was to demonstrate the fabrication of a 1-piece 
CAD-CAM designed screw-retained implant-supported provisional restoration in the 
maxillary aesthetic zone. 
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CLINICAL REPORT 

A 48-year-old man consulted the Department of Oral and Maxillofacial Surgery (Uni
versity of Groningen, University Medical Center Groningen, Groningen, the Nether
lands) with a missing left central incisor lost due to root resorption. He was wearing a 
removable partial denture at the time of consultation and desired a durable and fixed 
restoration, without involvement of the adjacent teeth. The patient was healthy, did 
not smoke, and intraoral examination revealed a healthy dentition. Clinically, adequate 
bone volume was present at the future implant site. In all dimensions, sufficient space 
was available for an implant crown with an anatomical design. No pathology of bone 
and adjacent teeth was noted radiographically. He was satisfied with current aesthetic 
appearance of the remaining dentition and wished no further supplementary treatment. 

Following the administering of local anesthesia, a slightly palatal crest incision was 
made with extensions through the buccal and palatal sulcus of the adjacent teeth. A 
minimal mucoperiosteal flap was elevated to expose only the ridge crest. Then, an im
plant (Bone Level RC, 14 mm; lnstitut Straumann AG, Basel, Switzerland) was placed, 
according to the procedure prescribed by the manufacturer, guided by a pre-manufac
tured surgical template.23

•
24 

The shoulder of the implant was placed at a depth of 3 mm apical to the buccal and 
cervical aspect of the prospective clinical crown to provide soft tissue to develop an 
adequate emergence profile. Good primary implant stability of >45 Nern was obtained. 
Finally, a closure screw (RC Closure screw, lnstitut Straumann AG) was placed, and 
the wound was closed with sutures (Ethilon 5-0; Johnson & Johnson Health Care, Pis
cataway, NJ , USA). Two weeks following surgery, the sutures were removed. 

After three months, the patient returned for second stage surgery. A small incision 
was made and the closure crew was replaced by a healing abutment (RC Healing Abut
ment, conical shape, lnstitut Straumann AG) (Figure 1 ). 

After one week, the healing abutment was removed and an open tray impression 
was made at the implant level using a custom acrylic resin impression tray (Lightplast 
base plates; Dreve Dentamid GmbH, Unna, Germany) and a polyether impression ma
terial (lmpregum Penta; 3M ESPE, St. Paul, Minn). The order to the dental labora
tory was: a screw-retained provisional restoration, consisting of a temporary abutment 
(RC Temporary abutment, lnstitut Straumann AG) and a mounted CAD-CAM compos
ite restoration. 

In the dental laboratory, a soft tissue master cast with an implant analogue 
(RC Analog (RC, lnstitut Straumann AG) was prepared (Figure 2). After place
ment of the temporary abutment in the implant analogue, the abutment was ad
justed with rotating instruments until it fitted within the contour of the future pro
visional restoration (Figure 3) .  The implant analogue was prepared with a primer 
(Alloy Primer, Kuraray Medical Inc., Okayama, Japan) and a thin layer of a light
curing opaquer resin (Ceramage Opaque, Shofu Inc., Kyoto, Japan). The mas
ter cast, together with the temporary abutment, was scanned with a scanning de
vice (Ceramill map400, AmannGirrbach AG, Vorarlberg, Austria). Also the an
tagonistic cast was scanned, separately and in occlusion with the master cast. 
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Figure 1 

Healing abutment positioned on a dental implant in the region of a missing central incisor. 
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Figure 2 

Master cast with soft tissue and implant analogue. 
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Figure 3 

Temporary abutment on master cast and adjusted to fit within contour of provisional 

restoration. 
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The provisional restoration was designed with the CAD software Ceramill Mind 
(AmannGirrbach AG, Vorarlberg, Austria) , with automatic defining of the preparation 
margin (margin of temporary abutment) and with a library of teeth which automatically 
adapt to the scanned diagnostic model (Figure 4 and 5). The approved digital design 
was transferred to the in-house milling machine (Ceramill Motion 2, AmannGirrbach 
AG, Vorarlberg, Austria) where a restoration was milled out of a polymethylmethacry
late (PMMA) unit of the colour of choice (Ceramill Temp, AmannGirrbach AG, Vorarl
berg, Austria) (Figure 6). Subsequently, the restoration was mounted on the temporary 
abutment with a dual-hardening luting composite (Combo.line, Bredent GmbH & Co. , 
Senden, Germany) after treating the inner side of the provisional restoration with a 
primer (Visio.link PMMA & Composite Primer, Bredent GmbH & Co., Senden, Ger
many). Finally, the restoration was finished and polished (Figure 7) . 

The provisional restoration was placed in the mouth of the patient and subsequently 
torqued to 35 Nern.  The screw hole was covered with a cotton pellet and composite 
resin (Clearfil AP-X; Kuraray Medical, Inc, Okayama, Japan) was used to seal the ac
cess (Figure 8). After 3 months with the provisional restoration, new impressions were 
taken and a definitive screw-retained ceramic restoration was made.22 
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Figure 4 

Digitalized cast with computer aided design of a restoration; labial view. 
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Figure 5 

Digitalized cast with computer aided design of a restoration; occlusal view. 
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Figure 6 

Restoration milled out of a prefabricated unit of PMMA material for provisional 

restorations. 
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Figure 7 

Provisional restoration attached to temporary abutment. 
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Figure 8 

Provisional restoration attached to temporary abutment. 
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DISCUSSION 

This report demonstrates the fabrication of a 1 -piece CAD-CAM designed screw
retained implant-supported provisional restoration in the maxillary aesthetic zone. 
Compared to the conventional method, with separate layers of resin applied to the 
healing abutment until the final anatomic form has been reached, the CAD-CAM pro
cedure offers a number of advantages. The procedure is less time-consuming, the 
material is homogeneous, a proposition for an anatomic design, based on the patients' 
teeth, can be made between designing and manufacturing, online consultation between 
restorative dentist and dental technician is possible, fabrication is reproducible (in case 
a new provisional restoration is needed) , and the design of the provisional restoration 
(if satisfactory) can serve as future design for the definitive restoration. Also some 
disadvantages must be mentioned: expensive scanning and milling equipment are nec
essary and the monochrome color of the PMMA unit usually not matches the natural 
variety in tooth shade of an individual patient. Since the equipment is increasingly used 
for designing and manufacturing of all kinds of restorative work and since the number 
of available colours is expanding, the weight of the disadvantages is diminishing. Due 
to the high wear rates of PMMA, the use of indirect composite resin is preferred when 
a provisional needs to be in function for a prolonged period of time. It is expected that 
fabrication of CAD-CAM designed implant-supported provisional restorations will be 
the method of preference in the future. 
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SUMMARY 

This clinical report describes a treatment in which a lost central incisor was replaced 
with an implant-supported restoration. Before manufacturing the definitive restoration, 
a provisional restoration was placed to evaluate maturation of the peri-implant soft 
tissues. CAD-CAM technology was chosen for the provisional restoration because it 
simplifies the production, is not reducing the strength of the restoration and facilitates 
individual design. 
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G E N E RAL D ISCUSSION AND CONCLUSIONS 

Provis iona l  i m plant-supported restorations are an important  aesthetic and d iag nostic 

tool in restori ng an i mplant in  the aesthetic zone. A provis ional  restorat ion is usual ly 

i n  funct ion for three months, but th is period can be pro longed if an extended eva lu 

at ion period is  req u i red , e .g . , for  obta i n i ng the  requ i red condit ion of  the  peri - implant 

soft t issues or  duri ng  orthodontic treatment.  Therefore, provisional imp lant-supported 

restorat ions should be strong enoug h to withstand funct ional  forces (have h igh frac

ture strength and low wear) and shou ld not be harmfu l to surrounding peri - i mplant 

soft t issues. In the research descri bed i n  th is PhD thesis th ree aspects i mporta nt for 

prolonged use of provis ional implant-supported restorat ions in the anterior zone of the 

mouth were eva luated , namely fracture strength ,  occ lusal wear and biofi l m  formation.  

In th is CHAPTER the main resea rch outcomes are d iscussed and suggest ions for fu r

ther research are g iven .  

Fracture strength and fai lure mode o f  provisional i mplant-supported restorations 

Mean maxi m u m  masticatory forces in the anterior reg ion are reported to be 206 N . 1 

I n  the in vitro study described i n  CHAPTER 2 , we app l ied a force to the provisional 

i m plant-supported restorations exceed ing the reported mean maximum masticatory 

forces . The tested t itan ium and po lyetheretherketone (PE EK) abutments fractu red 

at forces exceed ing the mentioned mean mast icatory force. Moreover, none of the 

provis iona l restorations performed worse than the studied defi n itive restorat ions (con

trols) . Regard i ng the in  vitro fracture strengths measured i n  our study, these fracture 

strengths were com parable to those reported in in vitro stud ies on Al
2
O

3 
and ZrO

2 

abutments .2·3 Si nce the latter two types of abutments are used i n  defi n i t ive implant

supported restorat ions,  we are strengthened in our conclus ion that the tested provi 

s ional  t itan i u m/composite and PEEK/composi te imp lant-su pported restorations are 

wel l  su ited for prolonged used in vivo . 

Occlusal wear of provisional i mplant-supported restorations 

The three- body wear of the tested restoration materia ls that can be used as veneer

ing material i n  provisional implant-su pported restorat ions va ried between 24 and 237 

µm/20 0 ,000  cycles and showed a dependence on fi l ler  load . The wear rates of the 

two ind i rect laboratory composites tested i n  our study, i .e .  Esten ia C&B and Sol idex, 

were s ign i ficantly lower than those of the other tested materia ls ,  i .e .  Sinfony, Protemp 

Crown Paste, Structure Prem i u m ,  I ntegrity, Luxatem p DMG,  Temdent Class ic  and Trim 

I I  (for deta i ls  see CHAPTE R 3) .  The  res ista nce to  abras ive wear of these materials is 

l i kely to be determ ined by a combi nat ion of hard ness and fracture toughness of the res

torat ion materia l .4•5 Hardness is a property that is used to pred ict the wear res istance 

of a materia l a nd its ab i l ity to abrade oppos ing dental structures . Differences i n  wear 

between the composite resins used , m ight be related to the portion of fi l ler pa rt ic les 

a nd their d istribut ion,  degree of convers ion ,  fi l ler and matrix propert ies and the bond 

between the matrix and the fi l lers .4-7 Due to its fi l lers , b is-acryl composite achieves a 
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higher resistance to wear in relation to polymethylmethacrylate.8 Indirect composite 
resins generally show the lowest wear rates due to their fillers and high rates of polym
erization.9· 10 It is therefore important to use indirect laboratory composite resins when a 
restoration needs to function in the mouth for a prolonged time to avoid excessive wear. 

Performance of the appl ied implant system 

To obtain biofilm attached to provisional restorations, a clinical study was conduct
ed with 60 endosseous implants that were placed at bone level (for description 
of biofilm evaluation see CHAPTER 5). It is of utmost interest to have insight into 
the potential influence of the applied implant system, i .e. , Straumann Bone Level 
Implant system, on the health of the surrounding soft and hard tissues as a biofilm at
tached to a restoration that is accompanied by healthy peri-implant tissues might differ 
from that of biofilms attached to restorations on implants with signs of mucositis or 
peri-implantitis. As it was our goal to evaluate biofilm attached to provisional restora
tions surrounded by healthy peri-implant tissues, peri-implant radiographic and clinical 
parameters were monitored. As reported in CHAPTER 4, the applied implant system 
was accompanied by 100% implant survival 1 8-months after implant placement (the 
latest follow-up time in this study) and clinically negligible marginal peri-implant bone 
loss during the healing phase and after definitive crown placement. 

Also the condition of the peri-implant soft tissues was very healthy. T he clinical 
and radiographical results were very good compared to other studies on convention
al single-tooth implant therapy in the aesthetic zone. 1 1  In other words, we considered 
t he applied model to be valid for studying biofilm formation on provisional implant
supported restorations. 

Biofi lm formed on PEEK/composite and z ircon ia/porcela in  

Biofilm formation on implant-supported restorations can lead to peri-implant disease. 
T herefore, the applied materials are preferably minimally susceptible to microbial ad
hesion. 1 2  Use of screw-retained implant-supported restorations, starting at bone level, 
allowed us to remove the entire restoration with the attached undisrupted biofilm in 
whole from the oral cavity. T herefore, in addition to what has been discussed in the pre
vious paragraph ,  the used model seems to be a suitable model for studying biofilms on 
implant-supported restorations in vivo. Our study showed a significantly lower viability 
and h igher total amount of living bacteria in biofilm collected from PEEK/composite 
restorations (test specimen) compared to biofilms collected from zirconia/porcelain 
restorations (controls). T he thickness of the biofilm was not measured, but only the 
total amount of bacteria present. To our opinion a higher count of bacteria resembles a 
t hick biofilm. T herefore, we assume that the biofilm on PEEK/composite restorations 
is thicker compared to biofilm on the zirconia/porcelain restorations. We hypothesize 
t hat the viability of a thick biofilm is lower than a thin biofilm because of the lack of 
nutrients coming from the surface. I 3  This presumption might, at least in part, explain 
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why the viability of the biofilm on the PEEK/composite restorations was lower than 
the biofilm on the zirconia/porcelain restorations, although the total amount of living 
bacteria was higher. 

The biofilm that was collected from the restorations could originate from the 
abutment and/or the veneering material (in the transmucosal region). Volpe et al.14 

conducted a study on early bacterial colonization of PEEK and titanium healing abut
ments and found no significant differences in bacterial load between titanium and 
PEEK. It has been reported that ceramics exhibit the least bacterial adhesion compared 
to other dental restorative materials, although little is known about bacterial adherence 
on the surface of indi rect composite resins. 1 5- 1 7 Aykent et al. '8 concluded that indirect 
composite materials show higher surface roughness compared to ceramics. Surface 
roughness is considered to be an important factor in determining the amount of biofi lm 
accumulation.19·21 Aside from the surface properties of resin materials, polymerization 
conditions and material components such as filler particles and resin matrix, m ight 
influence bacterial adhesion.22 Unfortunately, in this study, we did not measure the 
surface roughness of PEEK/composite and z i rconia/porcela in. However, we presume 
that, at least in part, this difference in viability and total amount of living bacteria 
between biofi lms collected from PEEK/composite restorations andzirconia/porcelain 

r-- restorations is due to the rougher surface of composite resin compared to porcela in. 
w Therefore, biofilms on PEEK/composite restoration are probably thicker than biofi lms 

� on zirconia/porcelain restorations. However, it is unknown whether this thicker biofi lm 

Q leads to an increased incidence of peri-implant mucositis because we did not evaluate 
this (in all our cases the peri - implant tissues was considered healthy). Therefore, the 
clinical implications of higher amounts of bacteria found on PEEK/composite compared 
to zi rconia/porcela in a re unknown. 

Recommendations for future research 

The results of the research described in this thesis a re positive regarding fracture 
strength and wear resistance of indirect composite resin provisional implant-supported 
restorations, but further clinical studies are needed to warrant prolonged use of provi
sional implant-supported restorations. 

Fracture strength and wear of provisional restorations were investigated in vitro. 
The clinical relevance of the in vitro results rema ins to be confi rmed in vivo. Also further 
research should be conducted on the effect of the amount and composition of the bio
film on the condition of the peri- implant soft tissues. It must be clear whether there is a 
strong correlation between the total amount of bacteria found on restorations and the 
health of the peri -implant mucosa. Furthermore, the specific composition of the flora 
and the presence of (potential) pathogenic bacteria within this flora should be evalu
ated in future studies. 

Various temporary abutment systems and veneering materials are used in implant 
dentistry. Results of the tested materials in the current study can not be automatically 

1 22 



extrapolated to other systems and materials, because of differences in compositions 
and architecture. Additional research is needed to acquire knowledge on other avail
able and commonly applied systems and materials, i .e. , prefabricated preformed acrylic 
crowns, vacuform template from the diagnostic wax up, denture tooth, or decoronated 
clinical crowns or cemented provisional restorations. 

If long term provisional isation is needed, e.g. , for obtaining the required contour of 
the peri-implant soft tissues or during orthodontic treatment, color stability of the pro
visional restoration becomes, in addition to fracture strength and resistance to occlusal 
wear, clinically relevant as well. Therefore, it should be investigated whether implant
supported provisional restorations made from indirect composite resin show negligible, 
or at least clinically acceptable, discoloration after prolonged use. Such studies could 
be done by visual rating and by instrumental techniques (spectrophotometer and color
imeter).23 

It is stated that CAD-CAM production of screw-retained provisional restorations 
offers several advantages over conventional production ,  i.e. , the procedure is less 
time-consuming, the material is more homogeneous, a proposition for an anatomic 
design based on the patients' teeth can be made in the period between designing and 
manufacturing, online consultation between restorative dentist and dental technician is 
possible, fabrication is reproducible (in case a new provisional restoration is needed) , 
and the design of the provisional restoration (if satisfactory) can serve as future design 
for the definitive restoration. However, CAD-CAM production of screw-retained pro
visional restorations versus "analog" production by the dental technician has not been 
investigated in this study and should be a topic of further research. 
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SUMMARY 

High success rates have been reported when a miss ing anterior tooth is replaced with 
an implant-supported restoration. Currently, not su rvival of the implant is the leading 
criterion to define success, but the aesthetic outcome of the implant-supported resto
ration. A good aesthetic outcome involves the establishment of a soft tissue contour 
that is harmonious with the gingiva of the adjacent teeth and a crown in balance with 
the adjacent dentition. To achieve a harmonious peri - implant soft tissue an anatomical 
provisional implant-supported restoration can be used. They represent an important 
step in deciding the shape and contour  of the final restoration, mainly dependent on 
the maturation of the peri - implant soft tissues. The provisional restoration is usually in 
function for three months , but this period can be prolonged if an extended evaluation 
period is requ i red. Provisional implant-supported restorations should be strong enough 
to withstand functional forces (have high fracture strength and low wear) and should 
not be harmful to surrounding peri - implant soft tissues. On the topics mentioned above, 
little information is available in the dental l iterature. Therefore the general aim of the 
research described in this thesis was to assess a number of material properties of pro
visional implant-supported restorations in the anterior zone of the mouth. 

In CHAPTER 2 in vitro fracture strength of titanium and PEEK (polyetheretherketone) 
co provisional abutments veneered with composite resin was evaluated using a universal 
UJ testing machine. The tested titanium and PEEK abutments fractu red at forces exceed-

� ing mean masticatory force reported in the literature. Moreover, none of the provi -

G sional restorations performed worse than the studied definitive restorations (controls). 
It was concluded that the tested provisional t itanium/composite and PEEK/composite 
implant-supported restorations are well su ited for use in vivo . 

CHAPTER 3 focused on occlusal wear of provis ional implant-supported restorations 
in vitro . The three-body wear of the tested restoration materials (polymethylmethac
rylate, bis-acryl composite and indirect composite resin) that can be used as veneer
ing material in provisional implant-supported restorations varied between 24 and 237 
µm/200 ,000 cycles and showed a dependence on the filler load. The wear rates of in
di rect laboratory composites tested in our study were s ignificantly lower than those of 
the other tested materials. Bis-acryl composite achieves a higher res istance to wear in 
relation to polymethylmethacrylate. It is therefore important to use indirect laboratory 
composite resins when a restoration needs to function in the mouth for a prolonged 
time to avoid excessive wear. 

In CHAPTER 4 the radiographic, clinical and aesthetic outcomes and patient satis
faction of cases treated with platform-switched single implant restorations in the 
aesthetic region of the maxilla were evaluated. Furthermore, the influence of an aug
mentation procedure 3 months prior to implant placement and the type of restoration 
(screw- retained versus cement-retained) were evaluated. Sixty patients with a missing 
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anterior tooth in the maxilla were treated with a Straumann Bone Level Implant. Bone 
augmentation was performed in 29 patients at 3 months before implant placement. 
Implants were loaded after 3 months of submerged healing. Follow-up was conducted 
at 7 and 18 months after implant placement. Peri-implant mucosa and implant crown 
aesthetic outcomes were determined using the Implant Crown Aesthetic Index (ICAI) 
and the Pink Esthetic Score-White Esthetic Score (PES-WES). 

No implants were lost during follow-up. At 18 months after implant placement, mean 
bone level change was -0.10 ± 0.27 mm and mean probing pocket depth was 2.6 mm. 
No differences were found between augmented and non-augmented sites (p = 0.28). 
The ICAI indicated satisfactory mucosa and crown aesthetics in 67% and 75% of the 
cases, respectively, while the PES-WES score was 14.4. ICAI mucosa (p =0.004) and 
PES (p =0.02) scores were significantly less favourable for augmented sites compared 
to non-augmented sites. Patient satisfaction was high (8.9 ± 1.1 on VAS-score). From 
this prospective, clinical study it can be concluded that the Straumann Bone Level 
Implant shows an excellent survival rate, marginal bone stability and good clinical and 
aesthetic results. Bone augmentation prior to implant placement does not lead to more 
marginal bone loss. However, less favourable pink aesthetic outcomes were found in 
augmented sites compared to non-augmented sites, while no differences were found 
between cement-retained and screw-retained restorations. 

CHAPTER 5 focuses on biofilm on provisional implant-supported restoration. The sixty 
adult patients who participated in the bone level study (CHAPTER 4) were randomly 
allocated to one of four groups. Patients received either a screw-retained provisional 
implant-supported restoration made of a PEEK abutment veneered with composite 
resin or a screw-retained definitive implant-supported restoration made of an individual 
zirconia abutment veneered with porcelain. Patients used either dentifrice containing 
0.243% NaF (NaF group) or dentifrice containing 0.454% SnF2 (SnF2 group). After 
three months, the restorations were carefully removed and biofilms were collected and 
dispersed. Total bacterial counts were determined using a phase contrast microscope, 
while bacterial viability was assessed using fluorescence microscopy after LIVE/DEAD 
staining. Our study showed a significantly lower viability and higher total amount of 
living bacteria (p =0.001) in biofilm collected from PEEK/composite restorations (test 
specimen) compared to biofilms collected from zirconia/porcelain restorations (con
t rols) . The total amount of living bacteria was significantly higher in the NaF group 
(p =0.044) compared to the SnF2 group. For these groups no significant difference was 
found in total count of both living and dead bacteria (p =0.095). We concluded that 
more bacteria (both alive and dead) reside on PEEK/composite restoration compared 
to zirconia/porcelain restorations. However, it is unknown whether this thicker biofilm 
leads to an increased incidence of peri-implant mucositis because we did not evaluate 
this. Therefore, the clinical implications of higher amounts of bacteria found on PEEK/ 
composite compared to zirconia/porcelain are unknown. 
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A new method for design and fabrication of provisional implant-supported restora
tions was described in CHAPTER 6. Computer aided designing (CAD) and computer 
aided manufactu ring (CAM) simplifies the production of restorations, is not reducing 
strength and facilitates individual design. This clinical report describes a treatment in 
which a lost central incisor was replaced with a CAD-CAM produced screw-retained 
provisional restoration. 

Main research outcomes are discussed and suggestions for fu rther research are given 
in CHAPTER 7. Results of the conducted in vitro studies revealed that indirect labo
ratory composite resin provisional implant-supported restorations were suitable for 
prolonged use in the anterior zone of the mouth with regard to fractu re resistance and 
occlusal wear. We concluded that more bacteria (both alive and dead) reside on indi
rect laboratory composite resin provisional implant-supported restorations compared 
to definitive zirconia/porcelain restorations. However, the clinical implications are un
known. Additional clinical studies are needed to warrant prolonged use of provisional 
implant-supported restorations. 
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DUTCH SUMMARY 

Het succes van een implantaatgedragen kroon wordt, dankzij de hoge gerapporteerde 
overleving, tegenwoordig vooral bepaald door de esthetische uitkomst. Dit houdt in dat 
de kroon en de peri-implantaire mucosa in harmonie zijn met de omringende dentitie. 
Een tijdelijke implantaatgedragen kroon kan gebru ikt warden om de ontwikkeling van 
de per i - implantaire mucosa te be'invloeden tijdens de maturatie van deze weefsels. 
Meestal wordt de tijdelijke implantaatgedragen kroon gedurende drie maanden ge
bru ikt, maar dit kan langer zijn als bijvoorbeeld de restauratie deel u itmaakt van een 
u itgebreid restauratief plan of omdat een orthodontische behandeling nog niet is afge
rond. Tijdelijke implantaatgedragen kronen dienen bestand te z ijn tegen de functionele 
krachten die inspelen op de restauratie gedurende functie (hoge breuksterkte, lage 
slijtage) en dienen niet schadel ijk te zijn voor de omliggende weefsels. In de literatuur 
is weinig informatie beschikbaar over de hierboven genoemde onderwerpen. Het doel 
van dit promotieonderzoek was het bepalen van een aantal materiaaleigenschappen 
van tijdelijke implantaatgedragen kronen in de esthetische zone van de mond. 

In HOOFDSTUK 2 is de in vitro breuksterkte van met composiet geveneerde tijdelijke 
abutments van titanium en polyetheretherketoon (PEEK) geevalueerd met behulp van 
een universal testing machine. Zowel de titanium als PEEK abutments braken bij krach
ten die hoger lagen dan de in de literatuur genoemde gemiddelde kauwkrachten. Verder 
presteerde geen enkele groep minder goed dan de controlegroep bestaande u it defini 
tieve porselein/zirkoni um implantaatgedragen kronen. Hieruit werd geconcludeerd dat 
de geteste titanium en PEEK abutments geschikt zijn voor gebruik in de mond. 

HOOFDSTUK 3 beschrijft de in vitro occlusale slijtage van tijdelijke implantaatgedra
gen kronen. De slijtage van de geteste materialen (polymethylmethacrylaat, bis-acryl 
composiet en indirect composiet) varieerde tussen de 24 en 237 µm/200 .000 cycli en 
was afhankelijk van het percentage vulstof. De slijtage van indirect composiet was s ig
nificant lager dan die van de andere geteste materialen. Bis-acryl composiet heeft een 
hogere weerstand tegen slijtage dan polymethylmethacrylaat. Hieru it werd geconclu 
deerd dat het verstandig is  om indirect composiet te  gebruiken wanneer een tijdelijke 
implantaatgedragen kroon voor langere tijd in functie moet zijn. 

HOOFDSTUK 4 omvat een prospectieve klinische studie naar de radiografische, 
klinische en esthetische u itkomsten alsmede de patient-tevredenheid van casus be
handeld met een platform-switched implantaatgedragen kroon in de esthetische zone 
van de bovenkaak. Bovendien werd de invloed van botaugmentatie dr ie maanden voor 
implanteren alsmede de invloed van de bevestiging van de kroon (verschroefd of gece
menteerd) onderzocht. Bij 60 patienten met een ontbrekend element in de esthetische 
zone van de bovenkaak werd een Straumann Bone Level lmplantaat geplaatst. Bij 29 
deelnemers werd drie maanden voor implanteren een botaugmentatie u itgevoerd. Drie 
maanden na implanteren werden de implantaten opgezocht en belast. Zeven en acht-
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tien maanden na implanteren vond follow-up plaats. De peri-implantaire mucosa en 
de esthetiek van de implantaatgedragen kroon werden beoordeeld met behulp van de 
Implant Crown Aesthetic Index (ICAI) en de Pink Esthetic Score-White Esthetic Score 
(PES-WES). Er zijn geen implantaten verloren gegaan gedurende de follow-up. Na 18 
maanden bedroeg het gemiddelde botverlies 0, 10 ± 0,27 mm met een gemiddelde ge
sondeerde pocket diepte van 2 ,6 mm. Er werden geen verschillen gevonden tussen ge
augmenteerde en niet-geaugmenteerde locaties (p=0,28). De ICAI liet bevredigende 
resultaten zien in 67% van de patienten voor de mucosa tegen 75% voor de kroon. 
De gemiddelde PES-WES score bedroeg 14,4. De scores van zowel ICAI mucosa 
(p =0,004) als PES (p =0,02) waren significant minder goed voor de geaugmenteerde 
locaties vergeleken met de niet-geaugmenteerde locaties. Er werd geen verschil ge
vonden tussen verschroefde en gecementeerde kronen. De patienttevredenheid was 
hoog (8,9 ± 1, 1 op de VAS-score). Uit deze prospectieve klinische studie werd gecon
cludeerd dat het Straumann Bone Level implantaatsysteem een uitstekende overle
ving, minimaal botverlies en goede klinische en esthetische resultaten biedt. Daarente
gen werden na botaugmentatie minder fraaie esthetische resultaten gezien vergeleken 
met niet-geaugmenteerde locaties. Ten slotte werd er geen verschil gevonden tussen 
gecementeerde en verschroefde kronen. 

HOOFDSTUK 5 richt zich op biofilm op tijdelijke implantaatgedragen kronen. De 60 
deelnemers van de in HOOFDSTUK 4 van dit proefschrift beschreven studie werden 
willekeurig toegewezen aan een van vier groepen. De patienten ontvingen of een ver
schroefde tijdelijke kroon bestaande uit een PEEK abutment geveneerd met indirect 
composiet, of een verschroefde kroon gemaakt van een zirkonium abutment met op
gebakken porselein. De deelnemers gebruikten of tandpasta met 0,243% Naf (NaF 
groep) of tandpasta met 0,454% SnF2 (SnF2 groep). Na drie maanden werden deze kro
nen voorzichtig uit de mond gehaald waarna de biofilm werd verzameld. Het totale aan
tal bacterien werd bepaald met behulp van een telkamer en een fase contrast micro
scoop. De bacteriele viabiliteit werd bepaald met behulp van fluorescentie microscopie 
na kleuring met LIVE/DEAD oplossing. Onze studie liet een significant hoger aantal 
levende bacterien zien op de PEEK/composiet kronen vergeleken met de zirkonium/ 
porselein kronen (p<0,001 ). Het totale aantal levende bacterien was significant hoger 
in de NaF groep vergeleken met de Snf 2 groep (p =0,044). Hieruit werd geconcludeerd 
dat er significant meer bacterien op PEEK/composiet leven dan op zirconium/porse
lein. Het is echter niet bekend wat de klinische implicaties van deze bevinding zijn. 

In HOOFDSTU K  6 wordt een nieuwe methode voor het ontwerp en de fabricage van 
een tijdelijke implantaatgedragen kroon beschreven. Het toepassen van Computer 
Aided Designing (CAD) en Computer Aided Manufacturing (CAM) leidt tot versim
peling van de productie van tijdelijke kronen zonder de sterkte te verminderen. Ver
der vergemakkelijkt deze methode het individueel ontwerp van de tijdelijke kroon. In 
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het klinische rapport wordt een behandeling beschreven waarbij een verloren gegane 
centrale incisief wordt vervangen door een CAD-CAM geproduceerde tijdelijke implan
taatgedragen kroon. 

De belangrijkste onderzoeksresultaten warden besproken en aanbevelingen voor toe
komstig onderzoek warden gedaan in HOOFDSTUK 7. De resultaten van de in vitro 
onderzoeken lieten zien dat met indirect composiet geveneerde tijdelijke implantaat
gedragen kronen geschikt zijn voor langdurig gebruik in de mond met betrekking tot 
breeksterkte en occlusale slijtage. We concludeerden dat er meer bacterien (zowel 
dood als levend) op met indirect composiet geveneerde implantaatgedragen kronen 
leven dan op implantaatgedragen kronen van zirkonium met opgebakken porselein. 
De klinische relevantie van deze bevinding is echter onbekend. Additionele klinische 
studies zijn nodig om te kunnen verzekeren dat tijdelijke implantaatgedragen kronen 
geschikt zijn om voor langere tijd in de mond te functioneren. 
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patienten bedanken die hebben deelgeno
men aan het onderzoek. 

Prof. dr. H.J.A. Meijer, hooggeleerde pro
moter, beste Henny. Als geen ander versta 
je de kunst om hoofd- en bijzaken van el
kaar te scheiden. De rust die je uitstraalde 
als er problemen optraden, was buitenge
woon prettig. lnhoudelijk heb je een grote 
stempel op dit proefschrift gedrukt. Be
dankt voor de zeer plezierige samenwer
king, zowel op de werkvloer als daarbuiten. 

Prof. dr. G.M. Raghoebar, hooggeleerde 
tweede promotor, beste Gerry. Samen met 
Henny heb je de lijnen voor dit proefschrift 
uitgezet. Niet a Ileen was je wetenschappe
lijke en klinische bijdrage van groat belang 
voor dit onderzoek, het was ook zeer inte
ressant en leerzaam om een zo bevlogen 
chirurg in actie te zien. Daarnaast heb ik 
het persoonlijk contact als zeer plezierig 
ervaren. Bedankt voor al je belangstelling 
en inzet. 

Prof. dr. A. Vissink , hooggeleerde promotor, 
beste Arjan. Jouw bijdrage aan dit on
derzoek was van grote waarde. De grote 
snelheid waarmee je een manuscript voor
zien van relevant commentaar retourneerde 
is subliem. Bedankt voor de plezierige sa
menwerking. 

Prof. dr. G. Meijer, Prof. dr. F.K.L. Spijker
vet, Prof. dr. D. Wismeijer, hooggeleerde 
leden van de beoordelingscommissie. lk wil 
u graag bedanken voor de vlotte beoorde
ling van het manuscript. 
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Dr. L. den Hartog, beste Laurens. lk leerde 
je kennen in het bestuur van Archigenes, 
daarna samen in de onderzoeksgroep. Nu 
weer binnen het NVOl-bestuur. Het was en 
is nag steeds plezierig met je samenwer
ken. lk heb onze discussies over onderzoek 
altijd als zeer nuttig ervaren. lk ga ervan 
uit dat we nag menig biertje samen zullen 
drinken en van gedachten kunnen wisse
len! Bedankt dat je mijn paranimf wilt zijn. 

Dr. D.H.J. Jager, beste Derk Jan. Tijdens 
de studie was het niet in mij opgekomen 
dat wij 1 0  jaar na het bestuur samen voor 
een CBT zouden werken! Je staat garant 
voor een gezellig avond en als de wind gun
stig staat zal oak in de toekomst het vuur 
ontstoken worden. Bedankt dat je mijn 
paranimf wilt zijn. 

Mw. E. Wartena, beste Esther. Patient
gebonden onderzoek kan niet plaatsvin
den zonder goede logistiek en planning. 
Bedankt voor de goede voorbereidingen 
en al het werk dat je hebt verricht voor het 
onderzoek. lk ben blij dat je betrokken blijft 
bij het verkrijgen van de 5-jaarsresultaten. 

Ors. F.L . Gulje, drs. C. Jensen, dr. D. Ric
kert, drs. K.W. Slagter, dr. J.W.A. Slot, 
dr. C. Stellingsma, dr. G. Telleman, dr. N. 
Tymstra, beste Felix, Charlotte, Daniela, 
Kirsten, Wim, Kees, Gerdien en Nynke. 
Bedankt voor jullie betrokkenheid bij mijn 
onderzoek en de vele gezellige momenten 
tijdens de congressen. 

Ohr. G. van Dijk, beste Gerrit. Graag wil ik 
je bedanken voor het meedenken over de 
tandtechnische aspecten van het onder
zoek. Verder wil ik nog graag stilstaan bij de 
flexibiliteit van je laboratorium. In overleg 
was (is) bijna alles mogelijk ! lk wil jou en al je 
medewerkers hiervoor hartelijk bedanken. 



Ohr. A.K. Wietsma, beste Anne. Je was al
tijd beschikbaar met raad en daad als er 
hulp nodig was op (tand)technisch gebied . 
Daarnaast heb je altijd veel interesse in het 
onderzoek getoond. Bedankt daarvoor! 

Mw. M.A. Bezema, mw. B. Termeulen 

Beste vrienden en familie, bedankt voor 
jullie interesse in mijn onderzoek en de ge
zelligheid. 

Lieve Jo en Tineke, jullie staan altijd voor 
ons klaar. Bedankt daarvoor! 

Brongers , mw H.H. Kooistra-Veenkamp, Ors. C.H. Santing, Lieve Carina, bedankt 
mw. I.J. Valkema, beste Ans, Bertina, Ria voor je belangstelling en het nauwgezet le-
en Ingrid. Hartelijk dank voor jullie onder- zen en corrigeren van het manuscript. 
steuning bij het behandelen van de onder-
zoekspatienten. 

Alie niet met naam genoemde medewer
kers van de afdeling Mondziekten , Kaak
en Aangezichtschirurgie en het Centrum 
voor Tandheelkunde en Mondzorgkunde 
van het UMCG wil ik bedanken voor de 
prettige samenwerking en leuke tijd. 

Drs. A.R. Buitenkamp, drs. H.G. Grol en 
alle medewerkers van Tandartsenpraktijk 
Bocht Oosterdiep. Bedankt voor de pretti
ge samenwerking in de praktijk . Het is een 
stuk makkelijker onderzoek doen wanneer 
je weet dat je de praktijk in goede handen 
achterlaat. 

Alie collegae van Centrum Bijzondere 
Tandheelkunde en de afdeling Mondziek
ten , Kaak- en Aangezichtschirurgie van het 
Martiniziekenhuis. Bedankt voor de plezie
rige samenwerking! 

Lieve ouders, na bijna 30 jaar is dit het 
tweede proefschrift binnen ons gezin. lk 
weet hoe trots jullie daar op zijn. Altijd heb
ben jullie mij gesteund en mij vrijgelaten in 
het maken van keuzes . Heel veel dank hier
voor. 

Lieve Yvonne, jij hebt het promotietraject 
van dichtbij mee mogen maken. Wat is het 
ontzettend mooi om met je vriendin van 
gedachten te kunnen wisselen over je on
derzoek. Als mijn motivatie wat wegzakte, 
was jij de stok achter de deur om door te 
gaan. lk ben je hier erg dankbaar voor. Heel 
veel succes met het afronden van je eigen 
onderzoek! Naast alle fantastische dingen 
die we samen hebben gedaan , zijn er ook 
moeilijke tijden geweest. Hierdoor besef je 
dat er belangrijkere dingen in het leven zijn 
dan werk. 

Lieve Cathelijne, het zal nog wel even du
ren voordat je papa's proefschrift kunt le-

G .K.T.H.D. Kermit, beste Allard, Arnout, zen ,  maar wat zijn wij blij met jouw komst! 
Bert, Christiaan , Falco, Folmar, Geert, Jelle, 
Kees, Sjoerd . Jullie geven de tandheel
kunde een heel andere dimensie, volgend 
weekend ben ik er weer bij! 

RT 47 , Beste Tafelaars ,  bedankt voor jul
lie interesse in mijn onderzoek en de ge
legenheid verder dan de tandheelkunde te 
kijken .  
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