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Introductio n n 

Thiss thesis contains a study about an alternative for the well-established 

conceptt of using metal posts as eventual reinforcement of endodontically 

treatedd teeth. Since its recent introduction in the dental profession1*2, a new 

model,, based on fiber reinforced resin systems has shown to be an 

interestingg substitute. Although the gradual switch over from metals to 

compositee materials has already for about three decades shown its value in 

variouss fields of restorative dentistry and thus the concept sound familiar, a 

shortt fundamental reflection dedicated to the characterization of composite 

materiall is appropriate. 

Developmentt in application of materials to restore teeth went, on a mini 

scale,, almost parallel with the evolution of mankind (stone, bronze and 

polymerr age). The first dental restorations were made by cementation of 

(precious)) stones, subsequently for a long time metals were considered as 

thee best sustaining or replacement for lost tooth structure and because of 

growingg demand for esthetics, nowadays ceramic and polymer-based 

materialss are widely employed. 

Alsoo in analogy with general materials application, it took a long time before 

resin-basedd materials were accepted as indeed very useful alternative for 

metals.. It is a fact that the mechanical properties of most polymers (plastics) 

aree inferior to those of metal alloys, but by constructing resin-based 

composites,, materials can be designed with characteristics that eventually 

meett the requirements far better than the metals do. 

AA composite is any material that is composed o f hard, pebble-like 

fillerfiller particles, surrounded by a hard matrix o f a second material, 

whichh binds the filler particles together (see fig. 1). 
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Fig.. 1. Schematic representation of a particle reinforced composite. 

Thee filler particles can be any coarseness varying from large rocks to (sub-) 

microscopicallyy fine powder.The matrix material generally starts out as a 

pastee or liquid and begins to harden when mixed with the filler particles. 

Beforee it hardens, it can be pressed into a mold, or stuffed into a hole. A 

well-knownn example of a composite material is concrete. In dentistry, the 

mostt common types of composites involve various types of finely ground 

glasss powder fillers mixed into a matrix, which is usually a form of an acrylic 

calledd BIS-GMA3. The glass particles are mixed with the acrylic and then, 

whenn the dentist is ready to place the restoration in the tooth a catalyst is 

mixedd into the paste and this causes the acrylic to harden around the glass 

particles.. In the case of light cured composites, the photo-initiator is already 

mixedd into the paste, but does not become active until irradiated with high 

intensityy light. 

Thee fact that the glass particles do not have to react with the matrix allows 

thee manufacturer a great deal of freedom in the process of manufacturing 

thee glass powder. They can flux the glass with materials that give it 

characteristicss like better wear, workability and esthetic qualities than they 

couldd achieve if they were constrained by the need to manufacture the glass 

accordingg to solubility specifications. Special formulations allow for particles 
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off differing size for different restorative situations. The particles may have 

differentt shapes, which allow for an attachment between adjacent particles 

thuss strengthening the material. The manufacturer may adjust the particle 

sizee and shape to allow for differing consistencies without compromising 

strengthh or wear characteristics. They can also vary the qualities of the 

acrylicc matrix independently of the filler particles. 

Mostt dental restorative materials are designed to perform mechanically 

isotropic.. In case of prefabricated posts, longitudinal strength is believed to 

bee of greater importance than transverse strength and therefore the 

compositee is better off with longitudinally directed, fibrous filler particles (see 

Fig.. 2). From several materials like glass or carbon, fibers can be made that 

carryy extreme properties in longitudinal direction and thus can serve very 

welll in e.g. reinforcing the tensile strength of the composite. 

Fig.. 2. Schematic representation of fiber reinforced composites. 

Compositess are used because overall properties of the composites are 

superiorr to those of the individual components. For example: polymer-

ceramicc composites have a greater modulus than the polymer component, 

butt aren't as brittle as ceramics. Composites are also found in nature. Wood, 

naturall composite containing cellulose fibers, is one of the most common 
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materialss used in the construction industry. Tooth enamel, dentin and bone 

ass well are composites. 

Forr many years, the concept for restoring damaged teeth was based on 

employingg materials, as strong and as stiff as possible. Metals best fulfilled 

thiss goal. However, since the introduction of composite materials, a new 

approachh in thinking about optimal reconstruction is at our disposal. Indeed, 

resin-basedd composites are weaker, less stiff or less wear resistant when 

comparedd to metal alloys, but their mechanical properties match those of 

toothh structure better in many ways. Main advantage of matching 

mechanicall characteristics is that stress distribution in the restored tooth 

remainss without high stress concentrations. Avoiding stress concentrations 

iss particularly of interest for restoration of endodontically treated teeth, where 

alll effort has to be done to avoid root fracture. 

Recentlyy fiber-reinforced resin posts have been introduced for treatment of 

endodonticallyy treated teeth1"2. Similarly to the substitution of metal alloys by 

resin-basedd composites in restoring cavities, fiber reinforced resin-based 

compositee posts require profound understanding of how this new designed 

materiall and technique has to be employed to restore the weakened root 

satisfactorily.. Unfortunately, also with this new concept, developed as 

alternativee and possibly a substitute for the well established cast post and 

coress or prefabricated metal posts techniques, it was accepted with great 

sepsis.. It has to be emphasized that removal of a large amounts of sound 

dentinn to shape the root canal for posts weakens the tooth. Posts are mainly 

meantt for retention and work less successful as reinforcement against 

prematuree root fracture 4"6. Cast post and core technique is only successful, 

iff the system remains within the elastic limits of dentin 7_8. This enunciation 

hass been undervalued in daily practice. Not maximally strong posts are 

requiredd but posts that prevent stressing the root beyond its elastic limits. 

Withinn this reasoning it is not important if fiber posts are weaker than Gold, 

Titaniumm or Stainless Steel posts as long as they provide sufficient retention. 

Thankss to their composite nature they can be designed to match the 
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mechanicall properties of the host material optimally. It is not a goal of this 

investigationn to criticize the cast post and core technique. Millions of cast 

postt and core are well doing their job, but for sure many a dentist 

experiencedd the frustration of the extraction as the only remedy left after a 

roott fracture following an endodontic treatment and restoration with cast post 

andd core. 

Itt is a common opinion among several researchers that a well-performed 

castt post and core can work for years9 and that the 3-7% failure rate6 may 

bee due to mistakes in designing and realizing them. In contrast to this 

experience,, eventual failure with Carbon Fiber posts is reported to be 

attributedd to coming loose of the construction but not to catastrophic root 

fracturee 10"12. In our own practice experience was gathered since 1994. In 

somee cases, the prosthetic restorations could be re-bonded, in other cases it 

wass possible to save at least the full crown coverage and of course also in 

somee cases a new prosthetic procedure was necessary, but m root 

fracturess were observed. 

Thee clinical advantages of the technique when compared with cast post and 

coress are evident: less costs (direct technique), less time-consuming (one-

visitt work), no temporary posts required. A disadvantage was the demanding 

bondingg procedure. Sometimes the posts de-bonde, especially during the 

removall of temporary crowns. In case of full-ceramic crowns or veneering, 

maskingg the black color faces difficulties and in some cases they were 

visiblee through prosthetic provision. 

Thee satisfactory clinical success rate was the main reason to start an 

investigationn into some aspects of Carbon Fiber posts with special attention 

too their weakest point: bonding. One of the first options in order to avoid 

debondingg failures was to simplify the clinical procedure to evaluate if the 

"onee bottle" systems, which reduce the "dentist skill factor" in obtaining 

properr bonding when compared with the conventional "three steps" 

procedure,, usually indicated for bonding fiber posts. Bonding to the 

substratee of narrow root canals (roughly 1.5mm of diameter and 10mm of 
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depth)) is much more difficult that to a normal Class I cavity. Initially 

everybodyy considered and treated this preparation as a conventional 

restorativee cavity. 

Notwithstandingg the type of bonding (three steps or one-bottle materials), it 

turnedd out to be extremely difficult to obtain proper hybridization (infiltration 

off the bonding into the acid-etched substrate) of the root canal at the apical 

thirdd when compared to the medium and coronal third of the root canal 

preparation.. Initially the anatomy was taken responsible for that as getting 

closerr to the apex, the number and disposition of tubules were progressively 

lesss favorable for bonding. As a matter of fact, bonding proved to be less 

reliablee in the apical third. The whole clinical bonding procedure, including 

solelyy acid-etching with ortho-phosphoric acid was reconsidered. It turned 

outt that the placement of the acid to the end of the preparation was relatively 

easy,, but this held not for its removal. By using a plastic syringe with endo 

needless instead of a water/air syringe, the problem of removal seemed to be 

solvedd as could be illustrated with SEM. Yet the problem of unreliable 

bondingg at the apical third persisted. Subsequently the available types of 

bondingg "carriers" like differently sized and shaped brushes, cotton pellets, 

micro-brushess etc. were tested on their efficacy to carry the adhesive 

solutionn within the whole preparation, including the apical third. This time 

opticall microscopy was helpful to observe the efficacy of ultra thin micro-

brushess and SEM observations confirmed the efficacy of this clinical 

procedure. . 

Onee of the addressed problems of employing Carbon Fiber Posts was the 

maskingg of the black color. In particular when the anatomy of the tooth was 

markedlyy convex, urging to bring the post towards the vestibular portion of 

thee abutment, it could happen that the appearance of the abutment was 

almostt black. In case of planning the final restoration being a ceramic-metal 

crownn this is irrelevant, but when the final restoration will be a full-ceramic 

crown,, the aesthetic performances may be negatively influenced. Only when 

thee thickness of the ceramic restoration was 1.5 mm or more, the black color 

couldd easily be masked. Nowadays, while the carbon fiber posts are 
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graduallyy being replaced by quartz fiber post, this problem seems to be 

overcome. . 

Anotherr problem related to achieving good bonding at the deeper areas of 

thee preparation regarded the distance between the polymerization source 

andd the apical third of the post preparation. 

Onee of the proposals in order to solve this problem was to take advantage of 

thee properties of a new type of post. A modification of the chemistry of the 

epoxyy resin of the post allowed the production of translucent posts. This new 

typee of post not only permitted better curing light transmission, but also 

contributedd further to improved aesthetic features. Thanks to this way of light 

conductance,, the curing of the adhesives was supposed that might be 

improved. . 

Too bypass the problem of the difficulty to proper cure the resin at the apical 

third,, a new adhesive system has been developed in which both adhesive 

resinn and luting cement are self-curing. In particular, in the adhesive resin, 

ann innovative idea has been finalized, by which the catalyst is sprayed on 

thee top of an especially designed microbrush. An original package was also 

developedd in order to allow a very easy, fast and safe polymerization 

reaction n 

Inn summary, the introduction and evolution so far of fiber posts in 

combinationn with advanced insertion instruments has led to a dental post 

systemm that dependably can be bonded over a almost the entire preparation 

inn the endodonticaliy treated root. The experimental part of this thesis 

describess an evidence-based procedure of employing fiber-posts optimally 

withh respect to ease of handling for the clinician and reliable clinical results. 
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Chapte rr  2 Endo Post s 

Fiberr  Post versu s cast pos t and core s 

Introductio n n 

Endodontically-treatedd teeth with defective coronal aspects very often need 

too be restored with a post and core as foundation for the final restoration. " 

Inn the last decades, cast posts were most commonly used because of their 

favorablee physical properties and biocompatibility. Unfortunately, several 

disadvantagess associated with conventional cast post-and-core were found 

suchh as loss of retention of the post or of the crown, potential for post and 

roott fractures and risk of corrosion when different metals are used in the 

system.4"88 Although several factors are involved, some of these failures can 

bee related to the mechanical properties of the posts.9 In particular, root 

fracturesfractures were mainly correlated to the shape and length of the post. 

Thee cast post core systems include components of different rigidity. Since 

thee more rigid component (post), is able to resist forces without distortion, 

stresss is transferred to the less rigid one (dentin), and causes the failure of it. 

Thee difference between modulus of elasticity of dentin and post material is a 

sourcee of stress for the root structures. Therefore the use of resin-based 

compositee (RBC), glass-ionomers and amalgam pins has been advocated 

withh crown coverage11 in order to avoid the insertion of metal posts into the 

roott canal.12 A carbon fiber post developed in France and introduced in the 

U.S.. (Composipost or C-Post,a) was proposed in order to overcome the 

disadvantagess of metal posts.13 Carbon fiber posts consist of pyrrolitic 

carbonn fibers arranged longitudinally in an epoxy resin matrix with the 

carbonn component constituting 64% of the structure. The carbon fiber post 

exhibitss high fatigue and tensile strength, and has a modulus of elasticity 

(stiffness)) comparable to dentin.13,14 Its chemical nature is compatible with 

thee Bis-GMA resins commonly used in bonding procedures. This post can be 
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bondedd within root canal space with polymer dentin bonding agents and 

resinn cements of similar flexibility, and effectively transmits stresses between 

thee post and the root structure, reducing stress concentration and preventing 

fracture.13'14 4 

Thee Composipost system is relatively new, so there are only few long-term 

studiess of clinical performances.15"17 These studies showed that the 2-3 yr 

clinicall performance of carbon fiber posts was excellent.15"17 

Thiss retrospective study evaluated the 4-yr clinical performance of 

endodonticallyy treated teeth restored either with carbon fiber posts or cast 

posts. . 

Materialss and Methods 

Betweenn January and July 1995, 200 endodontically-treated teeth with 

severee loss of tooth structures were selected and randomly divided into 2 

experimentall groups of 100 samples each. All the roots were endodontically-

treatedd with the lateral condensation of gutta-percha and eugenol-free 

sealer.. After no less than 48 hrs from the endodontic treatment, the roots 

weree prepared for receiving a post. In the molar roots only one post was 

placed,, in the palatal root of maxillary and in distal root of mandibular teeth. 

Groupp 1: After selection of appropriate drill size, the root canal spaces were 

preparedd using preshaping and finishing drills3 for a length of 9 mm. At least 

44 mm of gutta-percha was left apically to seal the root apex. Then, the posts 

weree tried in and consequently shortened with a diamond bur. Composipost 

weree bonded with All-Bond 2b and C & Bb resin cement strictly following 

manufacturers'' instructions. The teeth were built-up with Bis-Coreb self-

curingg RBC. 

Groupp 2: The roots of this group were prepared for receiving a cast post-

and-core.. Then an impression of root canal spaces was made by reversible 

hydrocolloidd materials (Optiloid0) and poured in Type IV stone (Fuji Rockd). 
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Thee post-and-cores were waxed and cast in precious alloy (Medior 3e), 

finishedd and tried into the root canals. The clinical procedures of post 

cementationn were accomplished using zinc phosphate cement (Zinc 

Cementf). . 

Thee abutments were temporized with resin crowns cemented with eugenol-

freee cement. All teeth received a porcelain-fused-to-metal crown as final 

restoration. . 

Periapicall radiographs and clinical examination were performed before post 

cementation,, immediately after, 6 months, 1, 2 and 4 yrs after crown 

cementationn in order to evaluate crown retention, secondary caries and 

periapicall and periodontal tissues. The radiographs were taken with the 

long-conee technique and ultraspeed film9. The radiographs were examined 

withh approximately x5 magnification. Comparisons were made with 

radiographss taken before, immediately after treatment and at recalls. Of the 

opposingg occluding teeth, 60% had fixed restorations, 5% were restored with 

removablee partial denture, 15% occluded with unrestored teeth, 20% were in 

occlusionn with vital teeth restored with amalgam or RBC. 

Thee rate of success was assessed by clinical and intraoral radiographic 

examinations.. The outcome was considered successful if the post and cores 

weree in situ, without secondary caries, clinical or radiographic signs of 

technicall failures, endodontic infection, loss of retention, root fracture or post 

fracture.. A single operator carried out the clinical evaluation in restored 

teeth.. The frequency of types of teeth treated is shown in Table 1. All 

patientss had previously been included in an individual recall program. The 

patientss were recalled after 6 months, 1, 2 and 4 yrs. 

Thee length of clinical service of Group 1 and 2 samples at last recall was 4 

years. . 

Actuariall Life Table statistical analysis and Mantel-Hanszel comparison of 

survivall curve was performed at 95% level of confidence. 
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Tablee 1 

Groupp 1 

Groupp 2 

Maxilla a 
Mandible e 
Maxille e 

Mandible e 

Incisors s 
12 2 
9 9 
15 5 
6 6 

Canines s 
13 3 
10 0 
18 8 
10 0 

Premolars s 
19 9 
12 2 
18 8 
19 9 

Molars s 
13 3 
12 2 
9 9 
14 4 

Total l 
57 7 
43 3 
60 0 
40 0 

Result s s 

Thee results are summarized in Table 2. 

Groupp 1: Of the total of 100 teeth treated in Group 1, three (3%) were 

excludedd for missing the last recall exam. Due to periapical lesion, two teeth 

neededd to be retreated endodontically. The remaining 95 teeth were 

classifiedd as successful. No dislodgment or fracture of posts or roots was 

observedd in the recalled 97 teeth. Dental caries were not detected in the 

post-treatedd tppth Thus, no technical failures attributable to the carbon fiber 

post-andd core system were recorded. 

Groupp 2: Of the 100 teeth treated with cast post-and-cores, two (2%) were 

excludedd for missing the 4-yr recall exam. Due to periapical lesions, three 

teethh needed to be retreated endodontically. Nine teeth showed root fracture 

andd two dislodgment of the crown. All these situations were noted at the last 

recall.. No caries, fracture or dislodgment of the posts were noted. 

Radiographicc examination at 4-yr recall showed evidence of root fracture of 

ninee roots. Four root fractures were noted in the abutments of two bridges of 

twoo different patients. The other five root fractures were found on teeth 

coveredd by single-unit porcelain fused-to-metal crowns. The result of 

statisticall analysis showed a significant difference between Group 1 and 2 

(p<0.001). . 
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Tablee 2 

Grou pp 1 (Carbo n fibe r posts ) 
Missingg teeth 
Failures s 
Successful l 

Grou pp 2 (Cast pos t and cores ) 
Missingg teeth 
Failures s 

Successful l 

3% % 
2% % 
95% % 

2% % 
14% % 

84% % 

(Periapicall lesions 2%) 

(Dislodgmentt of the crown 2%) 
(Roott fractures 9%) 
(Periapicall lesions 3%) 

Discussio n n 

T h e r ee are conflicting reports on the ability of metal posts to reinforce 

endodontically-treatedd teeth.18"20 A more recent review of the literature 

suggestss that many endodontically-treated teeth are not reinforced with the 

usee of a metallic post, but the role of the post is only to support the abutment 
100 21 22 

build-upp material and consequently the final restoration. ' 

Theree are only few clinical studies of metallic-post success and failures. 

Sorensenn and Martinoff20 noted 8.6% failures as a result of post 

dislodgement,, root fractures or post perforations. Weine et al. , reported 

6.5%% failures after 10 yrs or more and Torbjorner et al.8 reported 8.3% of 

failuress after 2-3 yrs. Mentink et al.24 showed a success rate of 82% for 

anteriorr teeth and that recementation was thee most frequent type of failure. 

Thee data of this clinical study related to cast posts showed 14% of failures 

weree found for cast posts after 4 yrs of clinical service. Root fracture was the 

mostt frequent type of failure. One of the reasons for root fracture is that with 

thee cast post and core the stress can be concentrated in uncontrolled areas 

wheree a fracture can start. Another reason can be that the cast post has 

retentionn due to friction along root walls which can transmit the stress 
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directlyy to root structure: in the area where dentin walls are thinner and 

consequentlyy less resistant, a fracture can take place. 

Endodonticc failure (periapical lesions) was observed in 2% and 3% of 

Groupss 1 and 2, respectively. The retreatment of teeth built up with fiber 

postss is simple, because the fiber post structure can be easily removed with 

aa high speed bur and a drill. The retreatment of teeth restored with cast 

postss was more difficult because the metallic posts must be removed with a 

diamondd bur mounted in a handpiece. The latest procedure required more 

workingg time, was more risky for root integrity and was more difficult to be 

completedd than that followed for retreating the two teeth of Group 1. 

Anotherr advantage is that fiber posts technique is less time-consuming than 

thee technique for preparing a cast post and core in the laboratory. 

Ann ideal post should have a modulus of elasticity close to that of root dentin 

andd carbon fiber posts fulfilled this requirement.13 When a load was applied 

withh an angle of approximately 35  to the long axis of the post, the modulus 

off elasticity of carbon fiber posts was approximately 21 GPa, while that of 

thee dentin is approximately 18 GPa. More recently, similar results were 

obtained144 when a load was applied with an angle of 45  to the long axis of 

thee post. 

Recently,, a cycling load test evaluating post-core restorations of teeth 

coveredd with metal crowns showed that carbon fiber post-composite core 

restorationss were less likely to produce root fractures than stainless steel 

post-compositee cores.25 Other in vitro studies confirmed that the fracture 

typee is more benign when fiber post is used than when metal posts are used: 

withh the metallic posts a relatively high proportion of the tooth fractures 

involvedd the root structures.25*27 

Composipostt dowels are passive and are designed to being used with a 

bondingg technique. A bonding system and resin cement establish a strong 

bondd to the root canal dentin walls after removal of the smear-layer, 

demineralizedd dentin and increased surface available for bonding.28 The 

majorr elements which contribute to bond strength are tubular resin tag 

formationn when tags bond well to the tubule walls,29 resin infiltration into 
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demineralizedd tubular dentin and side branches of the tubules. Several 

three-stepp and "one-bottle" systems were tested into endodontically-treated 

teethh and resin tag, adhesive lateral branch and hybrid layer formation was 

demonstratedd under clinical conditions.32 However, for optimal results the 

manufacturer'ss instructions must be followed carefully. 

Thee influence of different cements on retention of posts has been the subject 

off recent research.33*36 Several clinical advantages of the bonding/luting 

proceduress of fiber posts are detectable. A study demonstrated that posts 

cementedd with enamel-dentin bonding resin cements exhibited less leakage 

thann when cemented with other cements (glass ionomer and zinc 

phosphate)) and these results were also correlated with the hybrid layer and 
377 38 

resinn tag formation between root canal walls and resin. 

Fromm the results of this clinical study it can be stated that an ideal post 

shouldd impart minimal stress on the tooth, provide adequate retention of the 

core,, and should allow easy removal to permit endodontic retreatment, if 
necessary. . 

Thee survival rate of Composiposts found in this study was confirmed by 

otherr clinical retrospective investigations.15*17 However, final conclusions will 

dependd on the results of ongoing multicenter studies. 

a.. RTD, Grenoble, France 
b.. Bisco Co., Schaumburg, IL, USA 
c.. EMS, Le Sentier, Switzerland 
d.. GC, Tokyo, Japan 
e.. Cendres & Metaux SA, Biel, Switzerland 
f.. SS White Manufacturing, Bristol, UK 
g.. Kodak-Pathe, Chalon-Sur Saone, France 
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Fiberr  post s after six years clinica l servic e 

Introductio n n 

Metallicc posts have been widely used for restoring endodontically treated 

teeth.. Metal posts (i.e., platinum alloys or titanium) are most commonly used 

becausee of their favorable physical properties and excellent biocompatibility. 

Unfortunately,, their metallic color as well as corrosion during time lead to a 

grayishh discoloration of the root and consequently of the gingiva1. This 

unpleasantt effect can be also determined by the discoloration of the root of 

endodonticallyy treated teeth. This can be a disadvantage particularly in 

anteriorr teeth. The unaesthetic appearance of root color can be very 

importantt clinically when single-unit-all-porcelain crowns are used for 

restoringg anterior teeth. Depending on the thickness and the opacity of both 

lutingg cement and all-ceramic restoration, the metal post and core may shine 

throughh or at least decrease the depth of translucency of the restoration.2,3 

Differentt techniques of veneering the post and core have been proposed to 

solvee the problem of the grayish coronal discoloration and to achieve the 

necessaryy masking when all-ceramic restorations are luted to teeth restored 

withh metal posts and cores.4"6 However, these methods can not solve 

completelyy the problem because the metal posts still may shine through in 

thee cervical and roots area. Recently, in order to solve this problem, several 

typess of non-metallic white posts made by different ceramic systems were 

proposed.7"10 0 

Unfortunately,, a luted ceramic post is difficult to remove and, in case of 

endodonticc retreatment, the root canal access is particularly difficult.11 The 

ceramicc posts are very stiff and strong with no plastic behavior.12"14 The 

stiffnesss of the ceramic posts can be less favorable clinically than that of 

fiberr posts in respect to risk of root fractures.15,16 In fact, a number of in vitro 
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studiess demonstrated that the fracture type is more benign with fiber-posts 

thann when metal o ceramic posts are used.15,17"19 

Inn 1990, Duret et al.14 introduced a nonmetaliic material, based on the 

carbonn fiber reinforced principle, the Composipost (or C-Posta). The main 

characteristicc of fiber posts was the similarity of the modulus of elasticity to 

dentin.. Then, new carbon fiber posts covered with quartz fiber posts 

(Aestheti-Posts8)) with a design very similar to that of the established carbon 

fiberr ones, were produced. The purpose of these new posts was to provide 

betterr esthetic results by preventing the dark carbon fiber posts showing 

throughh the tooth. Recently, quartz fiber posts, without carbon fibers, were 

madee (Aestheti Plus Posts3). 

Differentt specific in vitro tests for posts and cores have been developed to 

tentativelyy address characteristics of the new systems and predict their 

clinicall behavior. Although clinical tests are time consuming,21 they must be 

performedd in order to evaluate the real clinical behavior of new materials, 

suchh as posts and cores, bonding systems and luting resin cements. 

Thee C-Posts, AEstheti Posts and AEstheti Plus Posts are new, so there are 

onlyy few clinical studies of clinical performance on the first type of post and 

noo long-term data of the other two types of posts.22"24 

Thiss retrospective clinical and radiographic study evaluated the clinical 

performancee of C-Posts, AEstheti Posts and AEstheti Plus Posts after 1-6 

yrss of clinical service. 

Material ss  and Method s 

Inn the last 6 years, 1,314 fiber posts were placed by three dentists. Between 

Januaryy 1994 and November 1997 only C-posts were used; then, between 

thee end of 1997 and of April 1998 AEstheti Posts were also placed and 

finally,, after January 1998, AEstheti Plus Posts were luted. 
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Fromm each of the three dentists, 80% of the total number of patients treated 

withh this system was selected by simple randomization with random number 

tables.255 Actuarial Life Table statistical analysis and Mantei-Haenszel 

comparisonn of survival curve were performed at 95% level of confidence. A 

totall of 719 patients treated with 850 C-Posts, 215 patients with 249 AEstheti 

Postss and 234 patients with 290 AEstheti Plus Posts were selected for 

evaluation.. The age of the patients ranged from 20-84 yrs (mean 53 yrs). 

Dataa from the dental records were available at the time of examination and 

thee records correlated well with examinations. As all patients had previously 

beenn included in an individual recall program, data were also obtained from 

thee records of the remaining patients who were unable to participate in 

person. . 

Thee frequency of types of tooth treated is shown in Table 1. Length of 

clinicall service of the different posts is shown in Table 2. 

Thee final restorations of the treated teeth were metal ceramic restorations 

(52%),, ceramic crowns (38%) and the remainder restored with resin-based 

compositee (RBC). Of the opposing occluding teeth, 45% had fixed 

restorations,, 20% were restored with a removable denture, 10% occluded 

withh unrestored teeth and 5% were not in occlusion. 

Clinicall procedures 

Alll roots were endodontically treated following lateral condensation of gutta-

perchaa with eugenol-free sealer.b After no less than 48 hours from the 

endodonticc treatment the roots were prepared for receiving a post. In the 

molarr roots only 1 post was placed, in the palatal root of maxillary and in 

distall root of mandibular teeth. 

Afterr selection of appropriate drill size, the root canal space was prepared 

usingg preshaping and finishing drills3 for a length of 8 mm. At least 4 mm of 

gutta-perchaa was left apically to seal the root apex. Then the posts were 

tried-inn and consequently shortened with a diamond bur. Finally, the fiber 

postss were bonded with the selected bonding system and resin cement, 

strictlyy following manufacturers' instructions. 
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Thee fiber posts were bonded with different dentin bonding/resin cement 

combinations.. The following bonding systems were used (All Bond 2a and 

One-Stepaa in combination with C & Bc resin cement, Scotchbond Multi-

purposee Plus0 in combination with Opald luting composite and Scotchbond 1 c 

withh Rely X  resin cement). The combinations between adhesive materials 

andd fiber posts are reported in Table 3. 

Thenn the teeth were build-up with a RBC. The build-up of the abutment core 

wass performed with different RBCs: Bis-Corea self-curing RBC was mainly 

usedd on C-Posts and AEstheti Posts while AEIiteflow light-curing RBC was 

usedd for build-up abutment restored with AEstheti Plus Posts. 

Tablee 1 
Clinicall distribution of posts. 

C-Posts s 

Aestheti i 
Posts s 

AEstheti i 
Plus s 

Posts s 

Maxillae e 
Mandible e 

Total l 
Maxillae e 
Mandible e 

Total l 
Maxillae e 
Mandible e 

Total l 

Incisorss Laterals 
800 85 
655 60 
1455 145 
255 26 
211 20 
466 46 
344 30 
211 24 
555 54 

Canines s 
92 2 
46 6 
138 8 
15 5 
10 0 
25 5 
20 0 
16 6 
36 6 

Premolars s 
110 0 
98 8 
208 8 
21 1 
31 1 
52 2 
26 6 
30 0 
56 6 

Molars s 
103 3 
101 1 
204 4 
28 8 
24 4 
52 2 
30 0 
28 8 
58 8 

Total l 
460 0 
380 0 
840 0 
109 9 
106 6 
215 5 
130 0 
119 9 
249 9 

Tablee 2 
PostPost distribution of service posts at the latest recall examination. 

Typess of Posts Age interval in months (average) n. of Patients 
Composipostss 18-68 (46) 840 
Aesthetii Posts 12-18(14) 215 
Aesthetii Plus 12-16(13) 249 
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Parameters s 

Thee rate of success was assessed by clinical and intraoral radiographic 

examinations. . 

Radiographss were taken of each fiber post with the long-cone technique and 

ultraspeedd film.e A modified parallel technique was used. The radiographs 

weree examined with approximately x5 magnification. The outcome was 

consideredd successful if the post and core were in situ, without clinical or 

radiographicc signs of technical failures, loss of retention, root fracture or post 

fracture.. During the prosthetic treatment, the stability of the resin core and 

thee possible dislodgement of the posts during debonding procedures of 

temporaryy restorations. 

Thee clinical examinations, in the practice of the two dentists, were carried 

outt independently by the two operators. The observers were not blinded in 

thee clinical examination as this was not possible. To obtain the maximum 

unbiasedd comparison, observers were calibrated. 

Result s s 

Thee duration in service of the Composipost dowels varied from 8-68 (mean 

46)) months (Table 2). The AEstheti Posts remained in place for a period 

rangingg between 12-18 (mean 14) months and the AEstheti Plus Posts 

betweenn 12-16 (mean 13) months. 

Off the 1,304 teeth treated, 25 showed failure due to debonding of the post. 

Alll debonded posts were originally bonded to teeth with less than 2 mm of 

coronall dentin remaining. The other 16 failures were due to endodontic 

periapicall lesions. Endodontic failures were discovered during radiographic 

examinationn in 16 teeth: these teeth were treated with C-Posts and showed 

ann asymptomatic periapical lesion. The total amount of failures was 3.2%. 

Thee results showed no statistical significant difference among the four 

groups.255 No root fracture, dislodgment of post or of the crown was found. 
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Thee debonding failures were almost equally distributed among the 4 

bonding/resinn cement systems used in this clinical trial (Table 3). 

Thee 25 failures due to debonding of the posts can be attributed to the 

bonding/luting// system, while the other 16 failures were clearly due to 

endodonticc reasons. Thus, no technical failures due to the fiber posts were 

recorded. . 

Tablee 3 
CombinationCombination between bonding system and fiber post (*debonding failures) 

Fiberr posts Aestheti A e s t h e t i p i u s rr posts 
AB22 625(11) 50(2) 29 (/) 

SBMPPP 75(7) 18(1) 10(5) 
SB11 78(2) 64(2) 110(5) 
OSS 62(2) 83(3) 100(1) 

Totall 840(22) 215(8) 249(11) 

Total l 

704 4 
103 3 
252 2 
245 5 
1304 4 

Failures s 

13(7*) ) 
14(6*) ) 
9(6*) ) 
6(6*) ) 

411 (25*) 

2525 posts failed because of debonding. All debonded posts were rebonded or 

replacedreplaced successfully. All debonded posts were originally bonded to teeth 

withwith less than 2 mm of coronal dentin remained. The other 16 failures were 

duedue to endodontic periapical lesions. Actuarial Life Table statistical analysis 

andand Mantel-Haenszel comparison of survival curve have been performed at 

95%95% level of confidence. 

Discussio n n 

Estheticc requirements for posts and cores became evident only since the 

introductionn of more translucent, enamel-like all-porcelain restorations. 

Thesee requirements are: (1) dentin-like core, (2) resistance to darkening of 

thee restored tooth, crown and coronal aspect of the surrounding gingival 

tissuess and (3) resistance to root discoloration. 
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Thee abutment is usually made from a RBC core material, which easily bonds 

too the carbon and experimental fiber posts with a resin cement. The 

employmentt of RBC for restoring the abutment can minimize the non-

estheticc color of the carbon fiber post. 

Somee authors14"15 have emphasized the necessity to use posts made with 

biomechanicall properties similar to those of dentin. With regards to posts, 

fiberr posts are the only available materials that have this property.20 The 

highh rigidity of ceramic material could be advantageous by reducing the risk 

off fracture for the prosthetic crown but simultaneously can determine a 

potentiall danger by inserting a structure of much higher rigidity in the 

root.21'27 7 

Differentt factors can influence the selection of the proper post system. All 

thee tested post materials were bonded into the root canal. Recently it was 

demonstratedd that the carbon and the esthetic experimental fiber show a 

goodd adhesion to resin cement, while the Zirconium post showed 

unsatisfactoryy bonding.17 The fiber posts do not need any special surface 

pretreatment.. While microretention may be created in the zirconium post-

surface,, the adhesion between the post and the resin cement was not 

uniform.177 Finally, in case of re-treatment, the carbon fiber and the 

experimentall posts are easily removable by a drill,11 while the zirconium 

post,, even using a diamond bur, hardly can be removed. 

Inn this clinical study, the survival rate of fiber posts was 96,8%. The 

debondedd posts were replaced or rebonded and teeth endodontically failed 

teethh were then retreated and restored. The survival rate of the fiber posts 

wass similar to that found in other retrospective studies22'24'28"32 In laboratory 

studiess on metallic posts, root fracture was the most frequent type of failure. 

Onee of the reasons for root fracture is that with the cast post and core the 

stresss can be concentrated in an uncontrolled area where a fracture can 

start.. Another reason for fracture can be that the cast post has retention due 

too friction along root walls and this fact can transmit the stress directly to root 

structure;; the area where dentin walls are thinner and less resistant. 
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However,, root fracture was never found in endodontically-treated teeth 

restoredd with any esthetic post. 

Inn this study the most frequent type of failure was debonding of the post. All 

debondingg failures occurred during removal of temporary crowns and in 

teethh with less than 2 mm residual coronal dentin structure. These finding 

agreess with Trabert et al.33 who found that the amount of remaining tooth 

structuree was the most influential factor in predicting fracture resistance. 

Becausee the abutment teeth were not damaged by the debonding, all the 

teethh were restored again with a fiber post: in 50% of the cases the post was 

replaced,, while in the others the same post was rebonded. In roots with 

periapicall lesions, the fiber posts were removed following Sakkal's11 

technique.. After removing the fiber post completely with drills, the 

endodonticc therapy was performed and after few months, the teeth were 

restoredd again. All failures recorded in this clinical study were recovered by 

properr therapies and the roots were not lost. 

Originally,, fiber posts were proposed in combination with a three-step 

bondingg system (All-Bond 2) and proprietary resin cement (C&B). Recently, 

thee so-called "one-bottle" adhesive systems have been proposed to simplify 

thee clinical bonding procedure of direct restorative dentistry. The clinical 

indicationss of one-bottle systems may be increasing, although little data on 

testingg for bonding fiber posts into root canals are available yet.34'35 

Thee latest generation of adhesive systems provides acid etching to remove 

thee smear layer and demineralized root dentin, so that a surface increase of 

dentinn available for bonding is achieved and a fine network of collagen fibrils 

isis exposed.34,35 The infiltration of this organic network with resin monomers 

permitss hybrid layer formation and creates resin tags with adhesive lateral 

branches,, thus creating micromechanica! retention of the resin into the 

demineralizedd dentin substrate.37'39 Both types of bonding systems, the 

traditionall three-step and the one-bottle systems tested in this study use the 

samee micromechanical bonding mechanism and long-term clinical trials.34"35 

Finall conclusions on the use of fiber posts will depend on the results of 

ongoingg prospective multicenter studies. 
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Chapte rr  3 Adhesive s 

"On ee step "  versu s "Thre e steps "  adhesiv e 

system s s 

Introductio n n 

Recently,, the use of adhesive systems for post cementation have increased 

inn popularity and resin materials have been proposed to be used in 

combinationn with an acid etching technique, adhesive system, luting resin 

cementt and fiber posts " . 

Thee fiber posts have two important characteristics: 1. The modulus of 

elasticityy of the fiber posts is similar to that of dentin2,4 and 2. These posts 

aree cemented with an adhesive technique avoiding friction between post and 

roott canal walls1'2. Originally, fiber posts (RTD, Grenoble, France) were 

recommendedrecommended for use with a three step bonding system (All Bond 2, Bisco 

Co.,, Itasca, II) and proprietary resin cement (C & B, Bisco). 

Recently,, 'one-bottle' adhesive systems have been introduced to simplify the 

clinicall bonding procedure in direct restorative dentistry. The clinical 

indicationn for use of 'one-bottle' systems has now increased5. 

Thee latest generation of adhesive systems produce, by means of an etch 

technique,, removal or modification of the smear layer and demineralization 

off the dentin exposing a fine network of collagen fibrils5. The infiltration of 

thiss network with resin permits formation of a resin dentin interdiffusion zone 

(RDIZ),, the so called 'hybrid layer', with resin tags and adhesive lateral 

branches,, thus creating micromechanical retention of the resin to the 

demineralizedd substrate6"8. The efficacy of an enamel-dentin bonding system 

inn combination with a resin cement can be evaluated by observing the RDIZ, 
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resinn tag and adhesive lateral branch formation as well as presence of 

voids/bubbless within the luting material or at the interface between itself and 

thee cavity walls and the post9. Unfortunately, microscopic observations are 

difficultt to convert in numeric data and consequently to submit to statistical 

analysis.. This study was designed in order to standardize scanning electron 

microscopicc observations and score resin tag formation and density, and to 

makee possible a quantitative analysis among different tested bonding 

systems. . 

Thee aim of this clinical study was to compare the bonding mechanism of 

threee 'one-bottle' and two three step adhesive systems (as controls) in root 

canall dentin when used in combination with proprietary resin cements, and 

2.. the presence of voids/bubbles within the adhesive/luting systems. 

Material ss  and method s 

Samplee preparation 

Fiftyy single rooted, endodontically treated teeth, already scheduled for 

extractionn because of endodontic or periodontal problems, were selected for 

thiss study. Clinical and radiographic examination demonstrated the need for 

extractionn of these teeth. The patients were informed and their written 

consentt was obtained to postpone the extraction for one week. Approval by 

thee ethics committee was obtained. 

Thee teeth were endodontically instrumented at a working length 1 mm from 

thee apex to a #35 master apical file. A step-back technique was used with 

stainless-steell K-files (Union Broach, New York, NY), gates Glidden drills #2 

too #4 (Union Broach), and 2.5% sodium hypochlorite irrigation. The prepared 

teethh were obturated with thermoplasticized, injectable gutta-percha (Obtura, 

Texceedd Corp., Costa Mesa, CA) and resin sealer (AH-26, DeTrey, Zurich, 

Switzerland). . 
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Thee root canal walls of each sample were enlarged with largo burs and then 

withh a low-speed burs provided by the manufacture (RTD), and the depth of 

thee post space preparation was 9 mm. The samples were randomly divided 

intoo five groups of ten samples each (Table 1). 

Tablee 1: 

Bonding-lutingg procedures 

GROUP P 

1 1 

2 2 

3 3 

4 4 

5 5 

BONDING G 

SYSTEM M 

AB22 (x) 

SBMPPP (x) 

SB11 (xx) 

OSS (xx) 

ABB Exp (xx) 

CLINICAL L 

STEPS S 

a,b,c,h h 

a,b,d,g g 

a,e,f f 

a.e.f.i i 

a,e,f,i i 

RESINN CEMENT 

C & B B 

Opall Luting 

Cement t 

RelyXX ARC 

C & B B 

Postt Cement 

Hl-X X 

CLINICAL L 

STEPS S 

h,j,k k 

j,k,l,f f 

j,k,l,f f 

i,j,k,l l 

i,j,k,l l 

a.Dentinn conditioning with phosphoric acid 
b.Primerr application with small brush 
c.Pre-bondingg resin application with a small brush, 
d.Adhesivee application with a small brush 
e.. Primer-adhesive application with a small brush 
f.. Light-curing 
g.Activator r 
h.Postt treated with Primer B 
i.Postt treated with the Primer-adhesive solution 
j.Mixingg resin cement 
k.Cementt application into root canal with a lentuto drill 
I.Removingg resin excess with a small brush 

AB2:: Ail Bond 2 (Bisco, Itasca, II); 
SBMPP:: Scotchbond Multipurpose Plus (3M Co, St. Paul, MN); 
SB1:: Scotchbond One <3M Co, St Paul. MN); 
OS:: One-Step (Bisco, Itasca, II); 
ABB Exp.: All Bond Experimental (Bisco, Itasca, II); 

xx:: "One-bottle" adhesive system, 
x:: Three steps" adhesive system. 
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Groupp 1: Ten samples were treated with All Bond 2. The root canal walls 

weree etched with 32% phosphoric acid (Bisco) for 15 seconds, washed with 

waterr endodontic syringe and then gently air-dried with air-syringe. Excess 

waterr was removed from the post space using paper points. Three drops of 

Primerr A and B were mixed and 4-5 coats of primer-adhesive material were 

appliedd into the root canals with a small brush. Excess primer adhesive 

solutionn was gently removed with a paper point and then a layer of Pre-

bondingg resin was applied, gently air-dried and excess removed with a paper 

point.. C & B resin cement catalyst and base were then mixed and used 

followingg manufacturer's instructions. The resin cement was introduced into 

thee root canal using a lentulo. Then the post was placed into the root canal 

andd left undisturbed until the complete set of the resin cement. 

Groupp 2: Ten roots were treated with phosphoric acid and the fiber posts 

weree cemented with Scotchbond Multipurpose Plus and Opal Luting Cement 

followingg manufacturer's instructions (3M Co, St. Paul, MN)). The root canal 

wallss were etched with 37% phosphoric acid (3M) for 15 seconds, washed 

withh water using an endodontic syringe and then gently air-dried. Excess 

waterr was absorbed from the post space using paper points. The primer was 

appliedd with a small brush and gently air-dried followed by the application of 

thee adhesive bonding resin. The activator was applied to the fiber post 

surfacee and then a layer of adhesive bonding resin. Finally, Opal Luting 

Compositee base and catalyst were mixed and one layer of it was applied into 

thee root canal space with a lentulo and finally the fiber post was seated. 

Groupp 3: Scotchbond 1 (3M) was used. After etching the root walls as in 

Groupp 2, SB1 primer-adhesive solution was applied in two consecutive coats 

withh a brush tip, air-dried and the primer solution left in the post space was 

removedd by means of a paper point. The 'one-bottle' adhesive material was 

light-curedd for 20 seconds placing the light source at coronal end of the root 

canal.. Rely ARC-X resin cement (3M) was used according to manufacturer's 

instructions,, and applied into the canal space with a lentulo. The resin 

cementt was introduced into the root canal using a lentulo. Then the post was 
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placedd into the root canal and the resin cement was light-cured for 20 

seconds. . 

Groupp 4: One-step with C & B resin cement (Bisco) were used. Root canals 

weree etched with 32% phosphoric acid (Bisco) for 15 seconds and then 

rinsedd thoroughly for 15 seconds. Excess water was removed gently with air 

andd with paper points, leaving the dentin slightly moist. Several coats of 

adhesivee were applied and light-cured for 10 seconds. C & B resin cement 

wass then mixed and applied into the canal with a lentulo. 

Groupp 5 : All Bond Experimental and Post Cement Hl-X (Bisco) were used in 

thiss group. After etching with 32% phosphoric acid (Bisco) and rinsing and 

air-dryingg the gel as described in Group 1, three drops of Primer-adhesive A 

andd B solutions were mixed. 

Thee Primer-adhesive solution was applied to the root canal with a small 

brushh in several coats and then light-cured for 10 seconds, as described in 

Groupp 4. Post Cement Hl-X base and catalyst were then mixed and placed 

intoo the root canal with a lentulo. 

Alll the adhesive systems and resin cements were used strictly following 

manufacturers'' instructions. Finally, the post was seated into the root canal 

andd excess resin removed. 

Aestheti-Pluss posts (white quartz fiber posts, RTD, France) were used. The 

diameterr of quartz fiber posts (RTD) used was 1,3 or 1,8 mm depending on 

thee size and shape of the root. After complete setting of the cement, crown 

build-upp was performed with proprietary resin composite (Aeliteflo, Bisco, 

andd Z 250, 3M). 

AA week later, the root samples were extracted and then sectioned parallel to 

thee long axis of the tooth using a diamond saw (Isomet, Buhler, Lake Bluff, 

NY,, USA) at slow speed under water. 

RDIZZ observations 

Onee section of each root was gently decalcified (32% phosphoric acid was 

appliedd for 30 seconds and the sample was then washed and gently air-

dried)) and deproteinized (the sample was immersed in a 2% sodium 

hypochloritee solution for 120 seconds) in order to evaluate RDIZ formation. 
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Afterr being extensively rinsed with water, the specimens were submitted to 

ann ascending alcohol series, sputter-coated with gold (Edwards Ltd, London, 

UK)) and observed with a scanning electron microscope (Philips 515, Philips 

Co.,, Eindhoven, The Netherlands) at different magnifications. 

Thee following aspects were evaluated by scanning electron microscope: 

1.. The formation and uniformity of the RDIZ related to the entire length of 

thee observed interfaces (Fig. 1); 

2.. The presence or absence of gaps: a. Inside the adhesive layer, b. 

Betweenn the adhesive and resin cement layer, c. Inside the resin cement 

layer,, d. Between adhesive and post. 

AA chi-square test and a Kruskal-Wallis analysis at the p=0.05 level of 

significancee were used to statistically evaluate the results obtained in the 

variouss groups regarding the presence of RDIZ. 

Fig.1.. Composite picture shows a sample prepared for SEM observation (P= Fiber post; C= 
Resinn cement; D= Root dentin)(original magnification: SEM x21). 

Evaluationn of resin tag formation 

Thee other section of each sample was stored in 30% HCI for 24 hours in 

orderr to completely dissolve the dental substrate and to detect resin tag and 

adhesivee lateral branch formation. The samples were then processed for 

SEMM observation as already described. 

Seriall SEM photomicrographs at x500 original magnification were taken of 

thee canal walls at the 1-, 4.5- and 8- mm levels (Fig. 2). 

Thee serial photomicrographs were aligned to form a continuous horizontal 

examinationn strip at the 3 levels. Irrespective of the number of 
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photomicrographss needed to form a complete strip, each strip was 

subdividedd into 8 "assessment units' (Figs. 3-4). 

Figg 2. Composite picture shows the three levels of observation (arrows) (original magnification: 
SEMM x 242). Root canal preparation was 9 mm in length; The level of observations was 1 mm 
fromm the most apical part (AT) of the preparation (apical level), at 4,5 mm from the apical and/or 
coronall level (medium level, MT) and 8 mm from the apical level and/or 1 mm from the most 
coronall part of the preparation (coronal level, CT). 

Figg 3. Composite picture shows the coronal level: Long resin tags were present uniformly 
(originall magnification: SEM x503). 

Figg 4. Composite picture shows the apical level: Short or no resin tags were noted (original 
magnification:: SEM x503). 

Thee density and morphology of resin tags present at x500 magnifications 

weree graded between 0 and 3. A score of 0.0 was assigned where resin tags 

weree not detectable (Fig. 5). A score of 1.0 was recorded when few and 

shortt resin tags (resin plugs) were visible (Fig. 6). A score of 2.0 was 

recordedd where uniform resin tag formation without lateral branches was 

notedd (Fig. 7). A score of 3.0 was recorded when long resin tags with lateral 

branchess were uniformly evident (Fig. 8). 
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Figg 5. Microphotograph shows score 0: Resin tags are not detectable (original magnification: 
SEMM x503). 
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Figg 6. Microphotograph shows score 1: Few and short resin tags are visible (original 
magnification:: SEM x503). 
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Figg 7. Microphotograph shows score 2: Short but uniform resin tags are noted (original 
magnification:: SEM x503). 

Figg 8. Microphotographs shows score 3: Long and uniformly formed resin tags are visible; also 
adhesivee lateral branches are detectable (original magnification: SEM x503). 

Thee mean scores of resin tags found at 1-, 4.5- and 8-mm levels were 

statisticallyy analyzed using the Scheffer and Fischer tests to test for 

42 2 



significancee between and within the groups at p=0.05 level of significance. 

SEMM evaluation was performed in double blind by two different operators. In 

casee of discrepancy between the two readers, the lower score was recorded. 

Result s s 

Thee number of samples showing voids/bubbles within the resin cement 

or/andd at the interface between resin cement and root walls are summarized 

inn Table 2. Voids were present in the composite cement layers of all groups. 

30%% of Groups 1, 3 and 4 showed bubbles/voids within the cement, while 

Groupss 2 and 5 showed them in 50% and 60% of samples respectively (Tab. 

2).. The adhesive-composite cement was almost free of voids: only one 

samplee of Group 2 and another of Group 5 showed voids. The composite 

cement-fiberr post interfaces showed voids only in one case (Group 2). The 

cementt layer was similar in all groups and its thickness varied in relation to 

thee root canal shape for each individual tooth. 

Tablee 2: 

Presencee of voids/bubble within resin cements 

Groupp 1 

Groupp 2 

Groupp 3 

Groupp 4 

Groupp 5 

Within n resin n 

3 3 

5 5 

3 3 

3 3 

6 6 

cement t Postt / Cement 

/ / 

/ / 

/ / 

/ / 

1 1 

Adhesivee / Cement 

RDIZZ observations 

Thee results obtained regarding the formation of RDIZ in the various groups 

underr the SEM microscope are shown in Table 3. The ratio between the 
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lengthh of the RDIZ and the length of the observed interfaces was not 

statisticallyy different among AB2, SBMPP, SB1 and AB Exp. A statistical 

significantlyy difference was noted between OS and the two 'three step' 

bondingg systems (AB2, SBMPP). No statistically significant differences were 

foundd between SB1, OS and AB Exp. 

Tablee 3: 

Scanningg electron microscope observation of the resin dentin interdiffusion 

zonee (RDIZ)(Group with different letter showed statistically significant 

differences). . 

Group p 

11 AB2 

22 SBMPP 

3SB1 1 

44 OS 

55 AB Exp 

Overalll length of observed 

interfacee (tenths of |im) 

2750 0 

2550 0 

2400 0 

2600 0 

2500 0 

Lengthh of interface with RDIZ 

(tenthss of ^m) 

2100(78%)a a 

20400 (80%)a 

1728(72%)ab b 

1820(70%)b b 

1825(73%)ab b 

Inn all samples, RDIZ formation was always evident along the interface 

betweenn adhesive material and etched dentin. The uniformity of the RDIZ 

wass observed in the first two thirds (Fig. 9) but less evident more apically 

(Fig.. 10). In a few samples, a discontinuous gap between the RDIZ and resin 

cementt was observed. 
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Figg 9. Microphotograph shows resin dentin interdiffusion zone (RDIZ) formed at coronal level: 
Noo gap between conditioned dentin and adhesive resin is present original magnification: (SEM x 
442). . 
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Figg 10. Microphotograph shows resin dentin interdiffusion zone (RDIZ) at apical level: a gap is 
clearlyy visible (original magnification: SEM x600). 
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Evaluationn of resin tag formation 

Thee results obtained regarding morphology and density of resin tags are 

summarizedd in Table 4. The resin tags formed in the coronal and/or middle 

areass of the roots were much longer than those in the apical areas (Figs. 3-

4).. Also the density of resin tags was higher in the coronal and mid areas 

thann in the apical areas (Figs. 3-4). In all Groups, statistically significant 

differencess between apical scores and those of the two other areas were 

foundd (P=0.05) (Table 4). 

Tablee 4: 

Meann and median resin tag formation scores recorded at 1-, 4.5-, and 8 mm 

levelss (Group with different letter showed statistically significant 

differences). . 

Group p 

1.AB2 2 

2.. SBMPP 

3.. SB1 

4.. OS 

5.. AB Exp 

11 mm level 

Mean n 

2.921a a 

2.851a a 

2.699a a 

2.712a a 

2.854a a 

Median n 

2.9 9 

2.9 9 

2.7 7 

2.7 7 

2.8 8 

4,55 mm 

Mean n 

2.653a a 

2.7993 3 

2.134b b 

2.229b b 

2.494ab b 

level l 

Median n 

2.6 6 

2.8 8 

2.1 1 

2.3 3 

2.5 5 

88 mm level 

Mean n 

1.867™ 1.867™ 

1.734cd d 

1.209d d 

1.142d d 

1.521cd d 

Median n 

1.9 9 

1.7 7 

1.2 2 

1.1 1 

1.5 5 

Inn the coronal and middle thirds of the roots, adhesive lateral branch 

formationn was also observed (Fig.11). In the coronal and mid third, resin 

tagss showed a characteristic reverse-cone shape, while in the apical third 

thiss morphology was seen only occasionally. In the apical third the resin tags 

weree often seen to only plug the tubules (Fig. 12). 
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Figg 11. Microphotograph shows resin tag and adhesive lateral branch formation at coronal third 
(originall magnification: left side: SEM x655; right side: SEM x2000). 

Figg 12. Microphotograph shows short tags plugging the tubules (original magnification: left side: 
SEMM x655; right side: SEM x2000). 
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Discussio n n 

Thee gap noted between the RDIZ and resin cement in few samples, was 

probablyy due to vacuum pressure of the sputtering device and SEM 

chamber. . 

Usuallyy microscopic investigations are performed under laboratory 

conditionss in order to predict the clinical behavior of new techniques and 

materials3,5"8.. This study was performed placing the restorations under 

clinicall conditions in order to evaluate handling properties of each 

adhesive/lutingg combinations when used in the oral environment. 

Recently,, scanning electron microscopic investigations have been performed 

too evaluate the bonding mechanism of adhesive systems in root canals3. 

Thesee studies clearly showed that the bonding mechanism of adhesive 

systemss to root dentin substrate is essentially micromechanical in nature, 

basedd on infiltration of the demineralized surface, and on formation of resin 

tagss and adhesive lateral branches3'10,11. Unfortunately, this evaluation did 

nott permit collection of numeric data and consequently statistical analysis. 

Onlyy a few studies have reported on quantitative evaluation of morphological 

observationss of root canals3,12. In a study by Mannocci et al.3, RDIZ 

formationn was evaluated calculating the length of RDIZ formed immediately 

apicall and immediately coronal to three notches made by a scalpel 2, 5, and 

88 mm apically to the dentin-core junction. In this study, RDIZ formation was 

evaluatedd calculating the length of RDIZ formed along the interface between 

conditionedd dentin and the adhesive resin. Resin tags were recorded and 

scoredd from horizontal bands around the post, 1, 4.5 and 8 mm from the 

apicess of the root canal preparations using a predefined score scale. In this 

mannerr it was possible to statistically analyze the data obtained from 

sampless of 5 different groups. 

Thee resin tag network can be considered to be the result of an increase in 

thee surface area made available for bonding by the effect of etching the 

dentin133 but not all areas exhibited an equal response to the etching 

procedure.. Different resin tag densities were noted at the three horizontal 
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bands.. This could be due to the fact that tubule density at the coronal and 

middlee third is significantly greater than at the apical third13. In the same 

investigationn and in the present study, lateral branch formation was evident 

onlyy in the coronal and middle third of the root dentin and was not observed 

inn the apical part, and the characteristic cone reverse-shape was noted at 

thee coronal and middle thirds. This observation can be due to the fact that 

pressuree during the bonding procedure would be maximal in the cervical 

regionn and reduced in the apical third, resulting in a less deep penetration of 

resinn into the tubules and thus lateral branches might remain unfilled. 

Anotherr explanation of the differing densities and morphology of resin tags 

andd adhesive lateral branches at the different horizontal bands could be 

relatedd to the shape of the small brush used for carrying the primer and/or 

primer-adhesivee solutions into the root canal space: The length of the 

bristless was around 4-5 mm which might not have reached to the apical 

third.. The primer-adhesive solution penetrated the opened dentinal tubules 

duee to its wettability. The use of a very thin microbrush, able to penetrate 

deeplyy into a root canal preparation can be more useful, particularly in 

thinnerr roots such as lower incisors. 

AA recent clinical study showed no significant differences of survival rate of 

fiberr posts bonded with 'three steps' systems (AB2 and SBMPP) when 

comparedd to 'one-bottle' systems (SB1 and OS)14,15. 

Afterr light curing the bonding system from coronal end of the canal, the 

dentinn bonding systems tested could form a RDIZ that did not interfere with 

thee post placement into the root canal. This is likely due to the fact that the 

'one-step'' bonding systems tested in this study produce a very low film 

thickness.. The bonding systems are light sensitive and can be polymerized 

byy a light source placed at the access to the root canal. 

Thiss study showed an absence of voids/bubbles at the fiber post/resin 

cementt interface suggesting a good bond between the resin matrix of the 

postt and of the resin cement. This was in agreement with a recent study by 

Mannoccii et al.3 who demonstrated no dye penetration at the interface 

betweenn fiber post and resin cement. 
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Thee presence of voids/bubbles within resin cement can be mainly related to 

threee factors: 1. Viscosity of resin cements; 2. Anatomy of the root; 3. Luting 

procedures. . 

1.. Post cement Hl-X showed the highest % of voids: this can be due to the 

factt that, in order to fulfill the need for a high radiopaque cement, it was filled 

withh radiopaque particles which considerably increased the viscosity of the 

cement. . 

2.. Anatomical variations of the root and consequently the variable amount of 

resinn cement and its tridimensional distribution into a prepared canal space 

couldd be another possible reason of void formation. 

3.. The variations in the amount of cement placed in the post space, in the 

distributionn of the cement in the post space and in the adaptation of the 

cementt to the post and canal wall might be determined by luting procedure 

andd handling properties of the resin material during mixing step. Between 

30%% and 60% of the Group samples showed voids/bubbles within the 

compositee layer. All types of resin cement were placed into the root canal 

preparationn using lentulo spirals; this might have reduced the number of 

voidss within the cement. Mannocci et al.3 found a high number of voids in all 

thee samples observed. In that study, the post surface was coated with the 

resinn cement and it was also placed into the root canal, as recommended by 

thee manufacturers. Another possible cause of voids/bubbles within the resin 

cementt thickness might be an incomplete link between the resin matrix and 

thee inorganic filler of the cement. 

Thee trend for 'one-bottle' systems to have a decreased length of interface 

withh RDIZ and decreased resin tags in the apical third of root when 

comparedd with 'three-steps' adhesives was noted. This observation can be 

duee to the fact that both 'three steps' systems are self-activated. An uniform 

bondingg mechanism along cavity walls, might increase post retention and 

improvee clinical result during clinical service 
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Conclusion s s 

Thee three steps bonding systems are more effective on forming a 

micromechanicall bonding mechanism in the apical third of root canal 

preparationn than the 'one-bottle' systems. The bonding mechanism created 

betweenn root canal dentin and 'one-bottle' systems is of the same nature as 

thatt obtained using a three step bonding system. 

Furtherr long-term clinical trials and laboratory studies are needed to 

evaluatee whether the 'one-bottle' systems can be routinely used as a 

bondingg material for fiber posts in daily practice. 
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Chapte rr  4 Applicatio n 

"Brushes ""  versu s "Microbrushes " 

Introductio n n 

Endodontically-treatedd teeth with defective coronal aspects very often need 

too be restored with a post and core as a foundation for the final restoration1,2. 

Inn the last few decades, cast posts have been the most commonly used form 

off restoration for these teeth Unfortunately, several disadvantages 

associatedd with conventional cast post-and-cores have been reported such 

ass loss of retention of the post or of the crown, a potential for post and root 

fracture,, and a risk of corrosion when different metals were used in the 

system1"4.. Although several factors are involved, some of these failures can 

bee related to the mechanical properties of the posts5"7. In particular, root 

fracturesfractures have been mainly correlated to the shape and length of the 

post1'24. . 

Thus,, the use of the frictionless-bonded post technique in combination with 

fiberr posts has been advocated to reduce the risk of root fracture from the 

wedgingg effect of metallic posts7,8. Recently, the use of adhesive systems for 

lutingg fiber posts has increased in popularity and resin cement materials 

havee been proposed for use in combination with an acid etching technique 

andd adhesive system, and a luting resin cement and fiber posts7,9,10. 

Thee fiber post offers several favorable characteristics: 1. The modulus of 

elasticityy of a fiber post is similar to that of dentin7,9, 2. The post can be 

cementedd with an adhesive technique avoiding the development of friction 

betweenn the post and root canal walls7'9,10, 3. Fiber translucent posts exhibit 

highh fatigue and tensile strength, and have a modulus of elasticity (stiffness) 

comparablee to that of carbon and quartz fiber posts7 4. Their chemical nature 

iss compatible with the Bis-GMA resins commonly used in bonding 

procedures. . 
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Usee of the latest generation of adhesive systems involves etching, removal 

off the smear layer, demineralization of the dentin, and exposure of a fine 

networkk of collagen fibrils11. Infiltration of this network with resin permits 

formationn of a hybrid layer, resin tags and adhesive lateral branches, thus 

creatingg a micromechanical retention of the resin to the demineralized 

substrate12,13. . 

Althoughh bonding into root canals might be difficult because of the handling 

characteristicss of the adhesive system, the anatomy of the root, tooth 

position,, presence of residual coronal tissues, light curing technique, clinical 

experiencee of the operator, etc, recent clinical studies have shown efficacy 

off fiber posts when luted with adhesive materials14"16. 

Thee aim of this clinical report was to evaluate 1. The effectiveness of the 

SB11 adhesive system in combination with Rely X ARC resin cement in 

formationn of resin tags, adhesive lateral branches and a hybrid layer when 

usedd to lute esthetic fiber posts under clinical and laboratory conditions, and 

2.. to test the null hypothesis that the type of carrier of primer-adhesive 

solutionn can not affect bonding mechanism to root etched dentin. 

Material ss  and Method s 

Twentyy monoradidular endodontically treated teeth, extracted because of 

periodontall problems, were selected for this study. The coronal part of the 

sampless was removed at the cementum-enamel junction. Then the teeth 

weree endodontically instrumented at a working length 1 mm from the apex to 

aa #35 master apical file. A step-back technique was used with stainless-steel 

K-filess (Union Broach, New York, NY), gates Glidden drills #2 to #4 (Union 

Broach),, and 2.5% sodium hypochlorite irrigation. The prepared teeth were 

obturatedd with thermoplasticized, injectable gutta-percha (Obtura, Texceed 

Corp.,, Costa Mesa, CA) and resin sealer (AH-26, DeTrey, Zurich, 
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Switzerland).. The samples were randomly divided in two groups of ten 

sampless each and luting procedures were performed (Table 1). 

Tablee 1: Bonding-luting procedures 

Group p 

1 1 
2 2 

Bonding g 
systemm group 
SB1M M 
SB1 1 

Clinicall steps 

a,b,d d 
a.c.d d 

Resin n 
cement t 
RelyXX ARC 
RelyXX ARC 

Clinicall steps 

e.f.g.h h 
e,f,g,h h 

a.Dentinn conditioning with phosphoric acid 
b.Primer-adhesivee application with a microbrush 
c.Primer-adhesivee application with a plastic brush (3M) 
d.Light-curing g 
e.Mixingg resin cement 
f.Cementt application into root canal with a lentulo spiral 
g.Removingg resin excess with a small brush 
h.Light-curingg through the translucent fiber post. 

Legends:: SB1M: Scotchbond 1 applied using a microbrush. SB1: 
Scotchh bond 1 applied using a brush. 

Groupp 1 (SB1M): The root canal walls were enlarged with low-speed burs 

providedd by the manufacturer of the posts, the depth of the post space 

preparationn was 9 mm. The root canal walls were etched with 35% 

phosphoricc acid for 15 seconds, washed with water spray and gently air-

dried.. The excess water was removed from the post space using paper 

points.. SB1 primer-adhesive was then applied with a microbrush tip (Fig. 1), 

air-driedd and the pooled primer remaining in the post space was removed 

usingg a paper point. The adhesive was light-cured for 20 seconds placing 

thee light source at the top of the root canal, followed by placement of Rely X 

ARCC according to manufacturer's instructions. The diameter of the (esthetic) 

translucentt fiber post (RTD) used was 1.1 mm. The cement was applied into 

thee root canal space by means of a lentulo, and onto the post surface, the 

postt was then inserted into the canal. The cement was allowed to set by 
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light-curingg for 20 seconds through the post following which crown build-up 

wass performed with Z250 resin composite (3M). 

Figg 1. The thin microbrush can penetrate into the root canal preparation. 

Groupp 2 (SB1): A similar procedure to that described in Group 1 was carried 

out.. The primer-adhesive solution was applied into the root canal preparation 

usingg the small plastic brush (Fig. 2) provided by the manufacturer of the 

adhesivee materials (3M). 

Afterr being restored, the sample teeth from both groups were stored in water 

forr not more than 10 days and then processed for microscopic investigation. 
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Figg 2. The small plastic brush can not penetrate deeply into the root canal preparation. 

RDIZRDIZ observations 

Thee root samples were split-fractured along the long axis of the tooth, in a 

mesial-distall direction, and one section of each root was gently decalcified 

(35%% phosphoric acid was applied for 60 seconds and the sample was then 

washedd and gently air-dried), and deproteinized (the sample was immersed 

inn a 2% sodium hypochlorite solution for 120 seconds) in order to evaluate 

hybridd layer formation. The other section was kept in a solution of 30% HCI 

forr 24 hours in order to completely dissolve the dental substrate and to 

detectt resin tag and adhesive lateral branch formation. After being 

extensivelyy rinsed with water, the two specimens were gently air-dried, 

sputter-coatedd with gold (Edwards Ltd, London, UK) and observed with a 

scanningg electron microscope (Philips 515, Philips Co., Eindhoven, The 

Netherlands)) at different magnifications, so that the extent, morphology and 

thee thickness of the acid- and NaOCI-resistant resin-infiltrated layer and 

morphologyy of the resin tags could be examined and documented. 

Thee following aspects were evaluated by scanning electron microscope: 

1.. The formation and uniformity of the RDIZ along the entire length of the 

adhesiveadhesive interface (Fig. 3); 

58 8 



2.. The presence or absence of gaps: a. Inside the adhesive layer, b. 

Betweenn the adhesive and resin cement layer, c. Inside the resin cement 

layer,, d. Between the adhesive and post. 

EvaluationEvaluation of resin tag formation 

Thee second section of each sample was stored in 30% HCI for 24 hours in 

orderr to completely dissolve the dental substrate and to detect resin tag and 

adhesivee lateral branch formation (Fig. 4). The samples were then 

processedd for SEM observation as already described. 
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Figg 4. Microphotograph of a sample of Group 1; Long and uniformly formed resin tags are 
visiblee (original magnification: SEM x630). 

Seriall SEM photomicrographs at x500 original magnification were taken of 

thee canal walls at the 1-, 4.5- and 8- mm levels. The serial photomicrographs 

weree aligned to form a continuous horizontal examination strip at the 3 

levels.. Irrespective of the number of photomicrographs needed to form a 

completee strip, each strip was subdivided into 8 "assessment units". The 

densityy and morphology of the resin tags were then assessed. 

Thee density and morphology of resin tags present at x500 magnifications 

weree graded between 0 and 3. A score of 0.0 was assigned where resin tags 

weree not detectable. A score of 1.0 was recorded when a few short resin 

tagss (resin plugs) were visible. A score of 2.0 was recorded where uniform 

resinn tag formation without lateral branches was noted. A score of 3.0 was 

recordedd when long resin tags with lateral branches were uniformly evident. 
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Result s s 

Thee number of samples showing voids/bubbles within the resin cement 

and/orr at the interface between resin cement and root walls are summarized 

inn Table 2. The cement thickness varied in relation to the root canal shape 

forr each individual tooth (Fig. 3). Between 40% and 50% of samples showed 

bubbles/voidss within the cement. The adhesive-composite cement and 

compositee cement-fiber post interfaces were substantially free of voids. 

Tablee 2: 
Presencee of voids/bubble within resin cements of the two experimental 
groups. . 

Groupp 1 
Groupp 2 

Withinn resin 
cement t 

4 4 
5 5 

Post/ / 
cement t 

0 0 
0 0 

Adhesivee / 
cement t 

0 0 
0 0 

RDIZZ observations 

Thee results obtained regarding the presence of RDIZ under the SEM 

microscopee are shown in Table 3. The ratio between the length of the RDIZ 

andd the length of the observed interfaces is reported. 

Tablee 3: 
Scanningg electron microscope observation of the resin dentin interdiffusion 
zonee (RDIZ) (Different letter show statistical significant difference). 

Groupp Overall length of observed Length of interface with 
interfacee (in urn) RDIZ (in \xm) 

11 SB1M 2650 2330 (88%)a 

2SB11 2820 2256 (80%)b 

Legends:: SB1M: Scotchbond 1 applied using a microbrush. SB1: 
Scotchbondd 1 applied using a brush. 
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Thee samples of Group 1 showed an uniform RDIZ formation (Fig. 5), also 

apically.. In two samples, a discontinuous gap between the RDIZ and resin 

cementt was observed (Fig. 6). 

Thee samples in Group 2 showed a less uniform RDIZ formation, particularly 

att the apical third. A gap between RDIZ and resin cement was seldom 

noted. . 

Figg 5. Microphotograph shows resin dentin interdiffusion zone formed at the apical level of 
Groupp 1 sample: No gap between conditioned dentin and adhesive resin is present. Original 

magnification:: (SEM x 3100). 
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Figg 6. Microphotograph shows resin dentin interdiffusion zone (RDIZ) at apical level: a gap 
(arrows)) is clearly visible in Group 2 sample (original magnification: SEM x745)(H: resin dentin 

interdiffusionn zone; T: Resin tags). 

Evaluationn of resin tag formation 

Thee results obtained regarding morphology and density of resin tags are 

summarizedd in Table 4. 

Tablee 4: 
Meann and median resin tag formation scores recorded at 1-, 4.5-, 
levelss of bonded posts (Group with the same letter did not 
statisticall significant difference). 

andd 8 mm 
showw any 

11 mm level 
(Coronall third) 

4,5mmm level 
(Mediumm third) 

8mmm level 
(Apicall third) 

Group p 

1.SB1M M 
2.. SB1 

mean n 

2.905a a 

2.9211 a 

mediann mean median mean 

2.9 9 
2.9 9 

2.492a a 

2.653a a 
2.5 5 
2.6 6 

2.432' ' 
1.867' ' 

median n 

2.5 5 
1.9 9 

Legends:: SB1M: Scotchbond 1 applied 
Scotchbondd 1 applied using a brush. 

usingg a microbrush. SB1: 
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Inn the samples from Group 1, the resin tags formed in the coronal and/or 

middlee areas of the roots showed a similar morphology to those in the apical 

areas.. The density of resin tags was also similar in the three areas (coronal, 

midd and apical). 

Adhesivee lateral branch formation was also observed throughout the length 

off the roots and the resin tags showed a characteristic reverse-cone shape 

(Fig.. 7). 

Thee surface of resin tags reproducing demineralized tubular dentin was very 

roughh and depicted the appearance of tubular dentin dissolved by the acid 

(Fig.. 7). 

Inn the samples from Group 2, the resin tags formed in the coronal (Fig. 8) 

and/orr middle areas (Fig. 9), and of the roots, were much longer than those 

inn the apical areas (Fig. 10). Also, the density of resin tags was higher in the 

coronall and mid areas than in the apical region (Figs. 8-10). In the coronal 

twoo thirds of the roots adhesive lateral branch formation was also observed. 

Inn the coronal and middle third the resin tags showed a characteristic 

reverse-conee shape (Fig. 11), while in the apical third this morphology was 

seenn only occasionally. In the apical third the resin tags were often seen to 

onlyy plug the tubules or were absent (Fig. 10). 

Thee interface between translucent posts, resin cement and Rely X ARC 

resinn cement did not demonstrate discontinuity, showing a good adaptation 

off Rely X ARC and Z250 to RTD posts. 
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Figg 7. Microphotograph of apical third (Group 1 sample); Reverse-cone shape resin tags and 
adhesivee lateral branches are visible (original magnification: SEM x2500). 

Figg 8. Microphotograph of coronal third (Group 2 sample); Long and uniformly formed resin tags 
aree visible (original magnification: SEM x503). 
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Figg 9. Microphotograph of middle third (Group 2 sample); Uniform resin tags are noted (original 
magnification:: SEM x503). 

Figg 10. Microphotograph of apical third (Group 2 sample): resin plugs are visible (original 
magnification:: SEM x1010). No characteristic resin tags are detectable. 
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Figg 11. Microphotograph of coronal third of Group 2 sample: Adhesive lateral branch formation 
iss evident (original magnification: SEM x2020). 

Discussio n n 

Recently,, scanning electron microscopic studies have clearly shown that the 

bondingg mechanism of adhesive systems to root dentin substrate is 

essentiallyy of a micromechanical nature, based on infiltration of the 

demineralizedd surface, and formation of resin tags and adhesive lateral 

branches11"13.. Unfortunately, SEM evaluation did not permit collection of 

numericc data and consequently any statistical analysis. Only a few studies 

havee reported the quantitative evaluation of morphological observations of 

roott canals10,17,18. In one study10, RDIZ formation was evaluated by 

calculatingg the length of RDIZ formed immediately apical and immediately 

coronall to three notches made by a scalpel 2, 5 and 8 mm apically to the 

dentin-coree junction. In 

thiss study, a similar evaluation of RDIZ formation was performed but along 

thee entire adhesive interface of each sample and the data evaluated 

statistically.. Also the resin tags were recorded at horizontal bands around 
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thee posts, 1-, 4.5- and 8- mm from the apices of the root canal 

preparations18.. In this manner it was possible to score and statistically 

analyzee the data obtained from samples of 2 different groups. 

Thee resin tag network can be considered to result from an increase in the 

surfacee area made available for bonding by the effect of etching the 

dentin11,199 but not all areas exhibited an equal response to the etching 

procedure.. In Group 2 samples, different resin tag densities were noted at 

thee three horizontal bands while Group 1 specimens showed a more uniform 

resinn tag formation. This could be due to the fact that pressure during the 

bondingg application would be maximal in the cervical region, and in the 

apicall third the pressure might be reduced, resulting in resin penetrating less 

deeplyy into the tubules leaving the lateral branches unfilled. Another 

explanationn of the differing densities and morphology of resin tags and 

adhesivee lateral branches at the different regions of the root could be related 

too the shape of the short brush used for carrying the primer and/or primer-

adhesivee solutions into the root canal space: The length of the bristles was 

aroundd 4-5 mm which may not have reached to the apical third (Fig. 2). The 

primer-adhesivee solution may have penetrated the opened dentinal tubules 

duee to its wettability but it might not have been enough to properly infiltrate 

thee apical substrate. The use of a very thin microbrush, as in Group 1, able 

too penetrate deeply into a root canal preparation was more predictable and 

usefull (Fig. 1). 

Afterr light curing the bonding system from the coronal end of the canal, the 

dentinn bonding system tested could form a RDIZ that did not interfere with 

thee post placement into the root canal. This is likely due to the fact that the 

'one-step'' bonding system tested in this study produces a very low film 

thickness,, and has sufficient reactivity to the curing light that it can be 

polymerizedd by a light source placed at the access to the root canal. 

Thee presence of voids/bubbles within the resin cement might be mainly 

relatedd to the cement characteristics and to the anatomy of the root samples. 

Thee anatomical variatiability of the root, and consequently the variable 

amountt of resin cement and its three dimensional distribution into the 
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preparedd canal space, could determine void formation. Another reason of 

thee voids/bubbles presence within the resin cement might be the need for 

mixingg base and catalyst, incorporating air. Also viscosity of the cement and 

placementt technique might determine void and/or bubble formation. 

Recently,, a retrospective study of the clinical performance of fiber posts has 

beenn reported . Three types of fiber posts and 4 adhesive systems in 

combinationn with proprietary resin cements were tested including 

Scotchbondd Multipurpose Plus in combination with Opal luting composite, 

andd Scotchbond 1 (Single Bond) in combination with Rely X ARC resin 

cement.. The latter combination of adhesive materials showed only 9 failures 

outt of 252 luted posts. All the failures consisted of debonding of the post 

withoutt any irreversible damage to the root. In these instances the debonded 

postss were either reluted into the root canal or replaced by a new 

preparation.. All the posts were luted using a brush to carry the adhesive into 

thee root canal. It might be speculated that by using a microbrush, the 

bondingg mechanism can be improved and consequently clinical debonding 

off the posts consistently reduced. 

Conclusio n n 

Itt can be concluded that resin tag and hybrid layer formation produced by 

SB11 in combination with Rely X ARC was evident, and it created a 

micromechanicall interlocking with root canal dentin. The null hypothesis of 

thiss study was rejected. Microbrush are indicated for bonding fiber posts into 

thee root canal. When microbrush were used, the bonding mechanism 

createdd between root canal dentin and 'one-bottle' system was uniform 

alongg canal walls of root canal preparation. 
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Chapte rr  5 Curin g 

"On ee sho t polymerizatio n technique " 

Introductio n n 

Overr the last years, fiber posts became more popular and used because of 

theirr favorable physical properties and biocompatibility. Simultaneously, the 

usee of adhesive systems for post cementation have increased in popularity 

andd resin materials have been proposed to be used in combination with an 

acidd etching technique, adhesive system, luting resin cement and fiber 

posts1"4.. Recently several clinical studies showed the efficacy of fiber posts 

whenn luted with adhesive materials5"7. 

Originally,, a carbon fiber post developed in France and introduced in the 

U.S.. (Composipost, RTD, St. Egreve, France) was proposed. Because of 

estheticc appearance, white fiber posts were proposed8. Recently, translucent 

fiberr posts were made: these posts can transmit the light trough the post 

permittingg light curing of adhesive materials into the root canal. The 

translucentt fiber post exhibits high fatigue and tensile strength, and has a 

moduluss of elasticity (stiffness) comparable with that of dentin and of other 

fiberr posts3. Its chemical nature is compatible with the Bis-GMA resin 

commonlyy used in bonding procedures. This post can be bonded within root 

canall space with polymer dentin bonding agents and resin cement of similar 

flexibility,, and effectively transmit stresses between the post and the root 

structure,, reducing stress concentration and preventing fracture3. 

Recently,, the so called 'one-bottle' adhesive systems were introduced to 

simplifyy the clinical bonding procedure in direct restorative dentistry. The 

clinicall indications of 'one-bottle' systems might be now increasing and also 

weree proposed for bonding fiber posts8. However, bonding into root canals 

mightt be difficult because handling characteristics of the adhesive system, 
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anatomyy of roots, tooth position, presence of coronal residual tissues, light 

curingg technique, experience and skill of the operators, etc.9,10. 

Thee latest generation of adhesive systems produce, by means of an etch 

technique,, removal of the smear layer and demineralization of the dentin 

exposingg a fine network of collagen fibrils11. The infiltration of this network 

withh resin permits formation of a resin dentin interdiffusion zone (RDIZ) with 

resinn tags and adhesive lateral branches, thus creating micromechanical 

retentionn of the resin to the demineralized substrate12,13. The efficacy of a 

dentinn bonding system can be evaluated by observing uniformity and quality 

off the RDIZ, resin tag and adhesive lateral branch formation and presence of 

voids/bubbless within the luting material or at the interface between it and the 

cavityy walls and the post14,15. 

RDIZZ and resin tag formation might be also related to application technique 

off primer-adhesive material. The apical third of root canal preparation 

usuallyy shows a not uniform resin tag and RDIZ formation with a consequent 

decreasee of retention 4'9,16117, 

Thee aim of this study was to evaluate 1. The bonding mechanism of a 'one-

bottle'' adhesive system in root canal dentin when applied with three different 

clinicall procedures and used in combination with proprietary resin cements, 

2.. The efficacy of translucent posts on light curing adhesive/resin cement 

materials,, 3. The efficacy of microbrush on carrying priming/adhesive 

solutionn to the apical third of root canal preparation, 4. The null hypothesis 

thatt different clinical procedures can not affect directly the bonding 

mechanismm of adhesive systems into the root canal preparations. 

Material ss  and Method s 

Fiftyy anterior teeth, extracted for periodontal reasons were selected for this 

study.. The teeth were endodontically instrumented at a working length of 1 

mmm from the apex to a #35 master apical file. A step-back technique was 

73 3 



usedd with stainless-steel K-files (Union Broach, New York, NY), gates 

Gliddenn drills #2 to #4 (Union Broach), and 2.5% sodium hypochlorite 

irrigation.. The prepared teeth were obturated with thermoplasticized, 

injectablee gutta-percha (Obtura, Texceed Copr., Costa Mesa, CA) and resin 

sealerr (AH-26, DeTrey, Zurich, Switzerland). 

Thee root canal walls of each sample were enlarged with a low-speed drills 

providedd by the manufacture (RTD), and the depth of the post space 

preparationn was 9 mm. The samples were randomly divided into four groups 

off ten samples each (Table 1). 

Tablee 1: 
Bonding-lutingg procedures 

Group p 

1 1 

2 2 

3 3 

4 4 

5 5 

Bondingg system 

OS S 

OS/MB B 

OS/NLC C 

OS/NLC C 

AB2 2 

Clinicall steps 

a,e,g g 

a.f.g g 

a,e e 

a,f f 

a,b,c,d d 

Resinn cement 
Duall Resin 

Cement t 

Duall Resin 
Cement t 

Duall Resin 
Cement t 

Duall Resin 
Cement t 

C & B B 

Clinicall steps 

J,k,],m,n n 

j,k,l,m,n n 

j,k,l,m,n n 

j,k,l,m,n n 

h,i„k,l,m m 

a.Dentinn conditioning with phosphoric acid 
b.Primerr application with small brush 
c.Pre-bondingg resin application with a small brush. 
d.Adhesivee application with a small brush 
e.Primer-adhesivee application with a small brush 
f.Primer-adhesivee application with a microbrush 
g.Light-curing g 
h.. Activator 
i.Postt treated with Primer B 
j.Postt treated with the Primer-adhesive solution 
k.Mixingg resin cement 
I.Cementt application into root canal with a lentulo drill 
m.Removingg resin excess with a small brush 
n.Light-curingg through the translucent fiber post. 
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AB2:: All Bond 2 (Bisco, Itasca, II); 
OS:: One-Step (Bisco, Itasca, II); 
OS/MB:: One-Step applied with a microbrush; 
OS/NLC:: One-Step not light cured individually. 

Groupp 1: The first ten samples were treated with One Step bonding system 

(Bisco)) following manufacturer's instructions. The root canal walls were 

etchedd with 32% phosphoric acid (Bisco) for 15 seconds, washed with water 

syringee and then gently air-dried. Excess water was removed from the post 

spacee using paper points. 4-5 coats of primer-adhesive material were 

appliedd into the root canals with a small brush provided by the manufacturer. 

Excesss primer adhesive solution was removed with a paper point, gently air-

driedd and then light-cured for 20 seconds. Dual Link resin cement catalyst 

andd base were mixed and used following manufacturer's instructions. The 

resinn cement was applied into the root canal space with a lentulo drill, the 

fiberr post was seated and the excess of resin removed and light-cured for 20 

secondss through the post. 

Groupp 2: Other ten roots were treated in Group 2. The root canal walls were 

etchedd with 32% phosphoric acid for 15 seconds, washed with water syringe 

andd then gently air-dried. Excess water was removed from the post space 

usingg paper points. The primer adhesive solution was applied in 4-5 coats 

withh a thin microbrush Plus (Microbrush Co., USA), gently air-dried and light-

curedd for 20 seconds. Finally, Dual Link Composite base and catalyst were 

mixedd and a layer of it was introduced into the root canal space with a 

lentuloo drill and finally the fiber post was inserted. After removing excess of 

resin,, the resin cement was light cured for 20 seconds through the post. 

Groupp 3: The sample roots were treated as described in Group 1 samples. 

Afterr application with a brush, the One Step primer/adhesive solution, it was 

nott light-cured. After applying the dual resin cement with a lentulo drill and 

placingg the post into the root canal preparation, the dual curing resin cement 

andd the adhesive material were light-cured simultaneously through the post. 

75 5 



Groupp 4: These 10 samples were treated as described in Group 1. The only 

differencee consisted that the bonding system and resin cement were light 

curedd once through the transmittent post after setting it into the root canal 

space. . 

Groupp 5: The last ten roots were treated with All Bond 2 and C & B resin 

cement,, as control. The adhesive luting materials were used strictly following 

manufacturer'ss instructions. 

Aestheti-Pluss posts (translucent fiber posts, RTD, France) were used. The 

diameterr of the fiber post (RTD) used was 1,3 or 1,8 mm depending the size 

andd shape of the roots. 

Afterr complete setting of the cement, crown build-up was performed with 

proprietaryy resin composite (Biscore, Bisco). 

Thee sample teeth were stored in a water solution at room temperature. A 

weekk later, the root samples were sectioned parallel to the long axis of the 

toothh using a diamond saw (lsomet, Buhler, Lake Bluff, NY, USA) at slow 

speedd under water. 

RDIZZ observations 

Onee section of each root was gently decalcified (32% phosphoric acid was 

appliedd for 30 seconds and the sample was then washed and gently air-

dried)) and deproteinized (the sample was immersed in a 2% sodium 

hypochloritee solution for 120 seconds) in order to evaluate RDIZ formation. 

Afterr being extensively rinsed with water, the specimens were gently air-

dried,, sputter-coated with gold (Edwards Ltd, London, UK) and observed 

withh a scanning electron microscope (Philips 515, Philips Co., Eindhoven, 

Thee Netherlands) at different magnifications. 

Thee following aspects were evaluated by scanning electron microscope: 

1.. The formation and uniformity of the RDIZ along the entire length of the 

adhesivee interface (Fig. 1 ); 
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Figg 1. Composite picture shows a sample prepared for SEM observation (P= Fiber post; C= 
Resinn cement; D= Root dentin)(original magnification: SEM x21). 

2.. The presence or absence of gaps: a. Inside the adhesive layer, b. 

Betweenn the adhesive and resin cement layer, c. Inside the resin cement 

layer,, d. Between adhesive and post. 

AA chi-square test and a Kruskal-Wallis analysis at the 0.05 level of 

significancee were used to statistically evaluate the results obtained in the 

variouss groups regarding the presence of RDIZ. 

Evaluationn of resin tag formation 

Thee other section of each sample was stored in 30% HCI for 24 hours in 

orderr to completely dissolve the dental substrate and to detect resin tag and 

adhesivee lateral branch formation. The samples were then processed for 

SEMM observation as already described. 

Seriall SEM photomicrographs at x500 original magnification were taken of 

thee canal walls at the 1-, 4.5- and 8- mm levels (Fig. 2). 

Figg 2. Composite picture shows the three levels of observation (arrows) (originall magnification: 
SEMM x 242). Root canal preparation was 9 mm in length; The level of observations was 1 mm 

fromm the most apical part (AT) of the preparation (apical level), at 4,5 mm from the apical and/or 
coronall level (medium level, MT) and 8 mm from the apical level and/or 1 mm from the most 

coronall part of the preparation (coronal level, CT). 
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Thee serial photomicrographs were aligned to form a continuous horizontal 

examinationn strip at the 3 levels. Irrespective of the number of 

photomicrographss needed to form a complete strip, each strip was 

subdividedd into 8 "assessment units". The density and morphology of the 

resinn tags were then assessed. 

Thee density and morphology of resin tags present at x500 magnifications 

weree graded between 0 and 3. A score of 0.0 was assigned where resin tags 

weree not detectable. A score of 1.0 was recorded when few and short resin 

tagss (resin plugs) were visible. A score of 2.0 was recorded where uniform 

resinn tag formation without lateral branches was noted. A score of 3.0 was 

recordedd when long resin tags with lateral branches were uniformly evident. 

Thee mean scores of resin tags found at 1-, 4.5- and 8-mm levels were 

statisticallyy analyzed using the Scheffer and Fischer tests to test for 

significancee between and within the groups at 0.05 level of significance. 

Result s s 

Thee number of samples showing voids/bubbles within the resin cement 

or/andd at the interface between resin cement and root walls are summarized 

inn Table 2. Voids were present in the composite cement layers of all groups. 

Thee cement layer was substantially similar in all groups. The cement 

thicknesss varied in relation to the root canal shape for each individual tooth. 

Betweenn 20% (Group 2) and 40% (Group 1 and 5) of samples showed 

bubbles/voidss within the cement. The adhesive-composite cement and 

compositee cement-fiber post interfaces were substantially free of voids. 
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Tablee 2: 
Presencee of voids/bubble within resin cements. 

Group p 
1 1 
2 2 
3 3 
4 4 
5 5 

Withinn resin cement 
4 4 
2 2 
3 3 
3 3 
4 4 

Post/cement t 
1 1 
/ / 
2 2 
1 1 
/ / 

Adhesive/cement t 

RDIZZ observations 

Thee results obtained regarding the presence of RDIZ in the various groups 

underr the SEM microscope are shown in Table 3. 

Tablee 3: 
Scanningg electron microscope observation of the resin dentin interdiffusion 
zonee (RDIZ). 

Group p 

11 OS 
22 OS/MB 
33 OS/NLC 
44 OS/NLCM 
5AB2 2 

Overall l lengthh of observed 
interfacee (in urn) 
2800 0 
2550 0 
2750 0 
2900 0 
2820 0 

Lengthh of interface with RDIZ 
(inn um) 
2120(75%)
22700 (89%)a 

1920(65%)
27200 (94%)a 

2256(80%)

Thee ratio between the length of the RDIZ and the length of the observed 

interfacess was statistically significant different between Groups 2 and 4 and 

thee other three groups. Group 2 and 4 samples showed an uniform RDIZ 

formationn (Fig. 3), while in the other groups RDIZ was less represented 

apicallyy (Fig. 4). In two samples of Group 3 and of one of Group 1, a 

discontinuouss gap between the RDIZ and resin cement was observed; this 

gapp might probably be an artifact due to vacuum pressure of the sputtering 

devicee and SEM chamber. The RDIZ formation of Group 3 samples was 

significantlyy less evident than in other three Groups. 
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Figg 3. Microphotograph shows resin dentin interdiffusion zone (RDIZ) formed at coronal level of 
Groupp 2 sample: No gap between conditioned dentin and adhesive resin is present original 

magnification:: (SEM x 1310). 

Figg 4. Microphotograph shows resin dentin interdiffusion zone (RDIZ) at apical level: a gap is 
clearlyy visible in a Group 1 sample (original magnification: SEM x625). 
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Evaluationn of resin tag formation 

Thee results obtained regarding morphology and density of resin tags are 

summarizedd in Table 4. 

Tablee 4: 
Meann and median resin tag formation scores recorded at 1-, 4.5-, and 8 mm 
levels. . 

Group p 
L O S S 
2.0S/MB B 
3.0S/NC C 
4.0S/NCM M 
4.AB2 2 

11 mm level 
(Coronall third) 
Mean n 
2.905a a 

29577 a 

2.712a a 

2.945a a 

2.921a a 

Median n 
2.9 9 
2.9 9 
2.7 7 
2.9 9 
2.9 9 

4,55 mm level l 
(Mediumm third) 
Mean n 
2.4922 a 

2.8911 a 

2.229b b 

2.723a a 

2.653a a 

Median n 
2.5 5 
2.9 9 
2.3 3 
2.7 7 
2.6 6 

88 mm level 
(Apicall third) 
Mean n 
1.555c,d d 

2.449a a 

1.142d d 

2.800a a 

1.867bc c 

Median n 
1.5 5 
2.5 5 
1.1 1 
2.8 8 
1.9 9 

Groupp 1, 3 and 5: The resin tags formed in the coronal and/or middle areas 

off the roots were much longer than those in the apical areas (Figs. 5-7). 

Also,, the density of resin tags was higher in the coronal and mid areas than 

inn the apical areas (Figs. 5-7). In the coronal two thirds of the roots adhesive 

laterall branch formation was also observed (Fig. 8). In the coronal and mid 

thirdd the resin tags showed a characteristic reverse-cone shape, while in the 

apicall third this morphology was seen only occasionally. In the apical third 

thee resin tags were often seen to only plug the tubules (Fig. 7) or were 

absent. . 

Groupp 2: Resin tag and lateral branch formation was more uniform than in 

otherr groups. Although the length of resin tags was more evident at the 

coronall third, the morphology of resin tags was similar in all three thirds (Fig. 

9).. The surface of resin tags reproducing demineralized tubular dentin was 

veryy rough and depicted the appearance of tubular dentin dissolved by the 

acid. . 

Groupp 4: Resin tag and lateral branch formation and density were very 

uniform.. The length of resin tags was evident and similar at the three thirds, 

andd the morphology of resin tags was similar in all three thirds. The surface 

off resin tags reproducing demineralized tubular dentin was very rough and 
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depictedd the appearance of tubular dentin dissolved by the acid. Globule 

formationn were diffusely noted along the resin tags mainly located in the 

apicall third of the root canals. 

Statisticallyy significant differences were noted (P<0.05) between Groups 2 

andd 4 and the other three groups. 

Figg 5. Microphotograph of coronal third (Group 3 sample); Long and uniformly formed resin tags 
aree visible (original magnification: SEM x503). 
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Figg 6. High magnification of microphotograph 5: Adhesive lateral branches are visible (origin! 
magnification:: SEM x2020). 

Figg 7. Microphotograph of apical third (Group 3 sample): resin plugs are visible (original 
magnification:: SEM x2300). No characteristic resin tags are detectable. 
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Figg 8. Microphotograph of coronal third: Adhesive lateral branch formation is evident (original 
magnification:: SEM x4580). 

Figg 9. Microphotograph shows resin tag and adhesive lateral branch formation at apical third 
(Groupp 2 sample)(original magnification: SEM x2500). 
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Discussio n n 

Thankk to microscopic investigations, it is well accepted that bonding 

mechanismm of adhesive systems to root dentin substrate is essentially of a 

micromechanicall nature, based on infiltration of the demineralized surface, 

andd on formation of RDI2, resin tags and adhesive lateral branches4,8'13,14. 

Unfortunately,, microscopic investigations did not permit collection of numeric 

dataa and consequently any statistical analysis. Recently several studies 

havee reported on quantitative evaluation of morphological observations of 

roott canals4,16"18. In this study, RDIZ formation was evaluated calculating the 

entiree length of RDIZ formed along the interface between conditioned dentin 

andd the adhesive resin. Also the amount of resin tags was recorded from 

horizontall bands around the post, 1-, 4.5- and 8- mm from the apices of the 

roott canal preparations. In this manner it was possible to analyze statistically 

thee data obtained from SEM observations of 4 different groups. 

Basedd on Bachicha et al.19 and Mannocci et al.16 data, dentin-bonding 

cementss forming RDIZ (eg, All Bond 2) have less microleakage than the 

traditionall cements (eg, Zinc phosphate) or adhesive systems which develop 

aa less uniform hybrid layer (eg, Panavia F). This can be due to the sealing 

effectt of the RDIZ at the restoration margin7'20. 

Thee resin tag network and RDIZ formation can be considered to be the result 

off an increase in the surface area made available for bonding by the effect of 
10 0 

etchingg the dentin but not all areas exhibited an equal response to the 

etchingg procedure. A different density and morphology of resin tags and 

adhesivee lateral branches at the three horizontal bands could be found in 

Groupss 2 and 4 when compared to that of Group 1, 3 and 5 samples. The 

findingss of this study can be related to the thin thickness of the microbrush 

usedd in Groups 2 and 4 for carrying the primer-adhesive solution into the 

roott canal apically. Otherwise, the length of the bristles used in Group 1, 2 

andd 5 was around 4-5 mm which may not have reached to the apical third: In 

thesee samples, the primer-adhesive solution may have penetrated the 
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openedd dentinal tubules thank to its wettability but it might not have been 

enoughh to properly infiltrate the apical substrate. The use of a very thin 

microbrush,, as in Groups 2 and 4, able to penetrate deeply into a root canal 

preparation,, could be very useful clinically. Also, the less evident and 

uniformm resin tag and RDIZ formation at apical third of Group 1, 3 and 5 

mightt be due to the fact that pressure by which the primer-adhesive solution 

iss applied during the bonding procedure with the brush would be maximal in 

thee cervical region whereas in the apical third the pressure might be 

reduced,, resulting in resin penetrating less deeply into the tubules and 

laterall branches remaining unfilled. It can be speculated that, using 

microbrushh technique as described in Group 2 samples, those of Group 1, 2 

andd 5 might improve RDIZ and resin tag formation. 

Presencee of globule formations was noted along the resin tags of Group 4 

samples,, mainly at apical third. These globules might be due an uncomplete 

polymerizationn of resin monomers; in this group of samples the adhesive 

materiall and resin cement were polymerized simultaneously through the 

transmittentt post: the bonding system was not light cured properly probably 

becausee of the light energy, the distance of the light source from the apex of 

thee post, the capability of the traslucent post to transmit the light and the 

interpositionn of resin cement between the post and the adhesive system. 

Afterr light curing the bonding system from coronal end of the canal (Group 1 

andd 2), the dentin bonding system tested could form a RDIZ that did not 

interferee with the post placement into the root canal. This is likely due to the 

factt that the 'one-step' bonding system tested in this study produce a very 

loww film thickness, the bonding system is light sensitive and can be 

polymerizedd by a light source placed at the access to the root canal. 

Inn Group 3, One Step was not light cured before applying the resin cement 

andd the post but adhesive materials were light-cured through the post 

simultaneously,, shortening the clinical procedure. In the apical third of Group 

33 root preparations, RDIZ and resin tags were seldom found: This can be 

duee to the fact that the not light-cured primer-adhesive solution might be 

spreadd off before light-curing by placement of resin cement and of the post 
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becausee of their pressure. Another explanation may be that light-curing only 

throughh the translucent post determines an incomplete polymerization of the 

adhesivee material. 

Self-curingg bonding/luting system, used as control, (Group 5) confirmed to 

bee an useful system/technique for cementing fiber posts. 

Absencee of voids/bubbles at fiber post/resin cement interface could result 

fromm the good bond between the resin matrix of the post and of the resin 

cementt whereas the presence of voids/bubbles with resin cements might be 

mainlyy related to the viscosity degree of resin cement and to the anatomy of 

thee root samples. In fact, anatomical variations of roots, the consequent 

variablee amount of resin cement and its tridimensional distribution into a 

preparedd canal space could be another possible cause of void formation. 

Itt can be concluded that quality, uniformity and predictability of bonding 

mechanismm obtained with the adhesive system applied as in Group 2 

sampless were superior to the other groups and clinical procedure performed 

inn Group 2 might be more reliable for daily practice. 

Thee null hypothesis tested in this study was not confirmed by the results: 

theree was a direct correlation between each clinical bonding procedure and 

resinn tag, adhesive lateral branch and RDIZ formation. 

Furtherr prospective clinical study will determine efficacy of "one-bottle" 

bondingg system for luting fiber posts and what bonding procedure can be 

moree useful for practitioners. 
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Self-Curin gg adhesiv e syste m 

a.. Lab investigatio n 

Introductio n n 

Thee use of carbon fiber posts1, preformed metallic posts and/or custom-cast 

metallicc posts in the anterior region has been reported to result in 

unsatisfactoryy aesthetics2,3. As a result, aesthetic fiber posts have become 

moree popular. They are also well accepted because of their favorable 

physicall properties and their biocompatibility4"10. The aesthetic fiber posts 

cann be bonded within root canal space with polymer dentin bonding agents 

andd resin cements of similar flexibility, and effectively transmit stresses 

betweenn the post and the root structure, thus reducing stress concentration 

andd preventing the occurrence of fracture5. 

Thee clinical indications of 'one-bottle' adhesive systems have rapidly 

increasedd to include the bonding of fiber posts and of indirect esthetic 

restorations.. Clinical studies have proved that 'one-bottle' adhesive materials 

too be effective in retaining aesthetic fiber posts2,11. 

Thee efficacy of an enamel-dentin bonding system in combination with a 

resinn cement can be evaluated by observing the extent of Resin Dentin 

Interdiffusionn Zone (RDI2), resin tag and adhesive lateral branch 

formation12,13*155 and presence of voids/bubbles within the luting material or at 

itss interface with the cavity walls and the post16. 

Bondingg into root canals might be difficult because of the handling 

characteristicss of the adhesive system, root anatomy, tooth position, 

presencee of coronal residual tissues, light curing technique, experience and 
177 1fi 

skilll of operators, etc.
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Recently,, combinations of light cured 'one-bottle' bonding systems and 

dual-curee resin cements were proposed for luting fiber posts . A lack of 

micromechanicall bonding mechanism was often observed in the apical third 

off the canal preparation 9'16. The RDIZ and resin tag formation was shown to 

increasee if the primer-adhesive solution was carried with a thin microbrush to 

reachh the most apical third of root canal preparation16. 

Inn order to improve the reliability of clinical bonding procedure of indirect 

restorations,, such as inlays, crowns and fiber posts, the use of a dual-cure 

'one-bottle'' bonding system (Excite Dual-Self-Cure, Vivadent, Schaan, 

Liechtenstein)) was suggested. Attributed to small particles of catalyst 

incorporatedd into the bristles of a very thin microbrush included in the 

system,, the primer-adhesive solution can be carried into the deepest area of 

canall preparation and simultaneously he self-activated (Fig 1). This 

combinationn of self-cure materials is proposed to be used with experimental 

fiberr posts made using Vectris fiber reinforced technology (Ivoclar, Schaan, 

Liechtenstein). . 

Thee aim of this study was to evaluate the efficacy of a new bonding/luting 

systemm in resin tag, adhesive lateral branch and hybrid layer formation when 

usedd in combination with experimental fiber post. 

Metho dd and Material s 

Thirtyy anterior teeth, extracted for periodontal problems, were selected for 

thiss study. The teeth were endodontically instrumented at a working length of 

11 mm from the apex to a #35 master apical file. A step-back technique was 

usedd with stainless-steel K-files (Union Broach, New York, NY), Gates 

Gliddenn burs #2 to #4 (Union Broach), and 2.5% sodium hypochlorite 

irrigation.. The prepared teeth were obturated with thermoplasticized, 

injectablee gutta-percha (Obtura, Texceed Copr., Costa Mesa, CA) and resin 

sealerr (AH-26, DeTrey, Zurich, Switzerland). 
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Thee samples were randomly divided into three groups of ten samples each 

(Tablee 1). 

Guttaperchaa was removed using Largo drills and then root canal walls of 

eachh sample were enlarged with a low-speed burs provided by the 

manufacturee (Ivoclar and RTD, St. Egreve, France, respectively). The depth 

off the post space preparation was 9-10 mm measured from cementum-

enamell junction. 

Tablee 1: 
Bondingg Lutin Procedures used 

Group p 

1 1 

2 2 

3 3 

Bondingg system 

EX/LC C 

EX/DSC C 

OS S 

Clinicall steps 

a.b.d d 

a,c c 

a,c c 

Resinn cement 

Variolinkk II 

MultiLinkk Resin 
Cement t 

Duall Resin 
Cement t 

Clinicall steps 

e.f.g.h h 

e,f,g g 

e,f,g,h h 

a:: Dentin conditioning with phosphoric acid 
b:: Primer-adhesive application with a small brush 
c:: Primer-adhesive application with a self-activating microbrush 
d:: Light-curing 
e:: Mixing resin cement 
f:: Cement application into root canal with a lentulo spiral 
g:: Removing resin excess with a small brush 
h:: Light-curing through the translucent fiber post. 

OS:: One-Step (Bisco, Schaumburg, II); 
EX/LC:: Excite light-cured (Vivadent, Schaan, Liechtenstein); 
EX/DSC:: Excite self-activated (Vivadent, Schaan, Liechtenstein). 

Groupp 1: Ten samples were treated with Excite bonding system in 

combinationn with VarioLink II dual-curing resin cement (Vivadent) following 

manufacturer'ss instructions. The root canal walls were etched with 37% 

phosphoricc acid for 15 seconds, rinsed and then gently air-dried with air-

waterr syringe. Excess water was removed from the post space using paper 
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points.. 2-3 coats of primer-adhesive material were applied into the root 

canalss with a small brush provided by the manufacturer. The excess of the 

primerr adhesive solution was gently blown with the air-syringe and adsorbed 

withh a paper point. Then the residual adhesive material was light-cured for 

200 seconds. Variolink II resin cement catalyst and base were then mixed and 

usedd according to the manufacturer's instructions. The resin cement was 

appliedd into the root canal space with a lentulo spiral, the experimental 

Vectriss fiber post was seated, excess resin was removed with a small brush 

andd the cement was light-cured through the post for 40 seconds. 

Groupp 2: Another ten teeth were restored with experimental Vectris fiber 

posts,, Excite DSC (Dual-self-curing) and MultiLink self-curing resin cement 

(Vivadent).. The root canal walls were etched with 37% phosphoric acid for 

155 seconds, rinsed and then gently air-dried with a air-water syringe. Excess 

waterr was removed from the post space using paper points. The Excite 

primer/adhesivee solution was applied with a 'self-activating' microbrush, 

whichh was able to activate the Excite inside root canal. The adhesive 

solutionn was gently air-dried. MultiLink base and catalyst resin cement were 

mixedd and a layer of it was applied into the root canal space with a lentulo 

spirall and finally the Vectris fiber post was seated. After removing excess of 

resinn with a brush, the resin cement was left undisturbed for 60 seconds. 

Groupp 3: The last group of ten teeth were treated with One-Step bonding 

systemm in combination with Dual Link resin cement (Bisco, Schaumburg, IL), 

andd served as control. Manufacturer's instructions were strictly followed. The 

primer/adhesivee solution was applied in several coats, gently air-dried, and 

lightt cured for 20 seconds. The resin cement was introduced into the canal 

usingg a lentulo spiral and the post was inserted into the canal 

(EndoAestheticc fiber posts, RTD). Finally, the dual curing resin cement was 

lightt cured through the post for 40 seconds. 

Fiberr post 1.3 or 1.8 mm in diameter (Ivoclar and RTD) were used, 

dependingg on the size and the shape of the root. After complete setting of 

thee cement, crown build-up of Group 1, 2 and 3 samples was performed with 

proprietaryy resin composite (Tetric Ceram, Vivadent and Aelitflo, Bisco). 
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Thee sample teeth were stored in water at room temperature. A week later, 

thee root samples were sectioned parallel to the long axis of the tooth using a 

diamondd saw (Isomet, Buhler, Lake Bluff, NY, USA) at a slow speed under 

water. . 

RDIZRDIZ observations 

Onee section of each root was gently decalcified (32% phosphoric acid was 

appliedd for 30 seconds and the sample was then washed and gently air-

dried)) and deproteinized (the sample was immersed in a 2% sodium 

hypochloritee solution for 120 seconds) in order to evaluate RDIZ formation. 

Afterr being extensively rinsed with water, the specimens were gently air-

dried,, sputter-coated with gold (Edwards Ltd, London, UK) and observed 

withh a scanning electron microscope (Philips 515, Philips Co., Eindhoven, 

Thee Netherlands) at different magnifications. 

Thee following aspects were evaluated under the scanning electron 

microscope: : 

1.. The formation and uniformity of the RDIZ along the entire length of the 

adhesivee interface. 

2.. The presence or absence of gaps: a. Inside the adhesive layer, b. 

Betweenn the adhesive and resin cement layer, c. Inside the resin cement 

layer,, d. Between adhesive and post. 

AA chi-square test and a Kruskal-Wallis analysis at the P=0.05 level of 

significancee were performed to statistically evaluate the results obtained in 

thee various groups regarding the presence of RDIZ. 

EvaluationEvaluation of resin tag formation 

Thee other section of each sample was stored in 30% HCI for 24 hours in 

orderr to completely dissolve the dental substrate and to detect resin tag and 

adhesivee lateral branch formation. The samples were then processed for 

SEMM observation as described earlier. 

Seriall SEM photomicrographs at x500 original magnification were taken of 

thee canal walls at the 1-, 4.5- and 8- mm levels (Fig 1). The serial 

photomicrographss were aligned to form a continuous horizontal examination 

stripp at the 3 levels. Irrespective of the number of photomicrographs needed 
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too form a complete strip, each strip was subdivided into 8 "assessment 

units".. The density and morphology of the resin tags were then assessed. 

Figg 1. Composite picture shows the three levels of observation (arrows) (original magnification 
SEMM x 242). Root canal preparation was 9 mm in length; The level of observations was 1 mm 

fromm the most apical part of the preparation (apical level), at 4.5 mm from the apical and/or 
coronall level (medium level) and 8 mm from the apical level and/or 1 mm from the most coronal 

partt of the preparation (coronal level). 

Thee density and morphology of resin tags present at x500 magnifications 

weree graded between 0 and 3. A score of 0.0 was assigned where resin tags 

weree not detectable. A score of 1.0 was recorded when few and short resin 

tagss (resin plugs) were visible. A score of 2.0 was recorded where uniform 

resinn tag formation without lateral branches was noted. A score of 3.0 was 

recordedd when long resin tags with lateral branches were uniformly evident. 

Thee mean scores of resin tags found at 1-, 4.5- and 8-mm levels of each 

samplee were statistically analyzed in order to assess the significance of 

differencess between and within the groups. The Kruskal-Wallis non-

parametricc analysis was performed and the level of significance was set at 

P<0.05. . 

SEMM evaluations were performed in double blind by two different operators. 

Inn case of discrepancy between the two readers, the lower score was 

recorded. . 

95 5 



Results s 

Noo voids/bubbles were noted at the interface between translucent posts and 

resinn cements in all samples. The cement layer was similar in all groups. The 

cementt thickness varied in relation to the root canal shape for each 

individuall tooth. Between 20% (Group 2) and 40% (Group 1 and 3) of 

sampless showed bubbles/voids within the cement. Also, the adhesive-

compositee cement interface was almost free of voids: only one sample in 

eachh group showed voids. 

RDIZRDIZ observations 

Thee ratio between the length of the RDIZ and the length of the observed 

interfacess was statistically significantly different between Group 2 and the 

otherr two groups (Table 2). 

Tablee 2: 
Scanningg Electron Microscope Observation of the Resin Dentin Interdiffusion 
Zonee (RDIZ).Group with Different Letter Showed Statistically Significant 
Differences. . 

Overalll length of Ratio RDIZ/overall 
Groupp observed inteface RDIZ legth (mm) lenath (%) 

(mm)) 9 

EX/LCC 28,5 23,6 80% 
EX/DCSS 25,8 23,2 90%a 

OSS 23,5 16JS 72% 0// c 

EX/LC:: Excite light-curing; 
EX/DSC:: Excite self-activated; 
OS:: One Step. 

Inn all samples, RDIZ formation was evident along the interface between 

adhesivee material and etched dentin (Figs 2,3). In Group 1 and 3 the 

uniformityy of the hybrid layer was apparent in the coronal two thirds but less 

evidentt at the apical third of the canal (Fig 3). In the samples of Group 2, 
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hybridd layer formation was noted in all thirds (Fig 2). In one sample of each 

group,, a discontinuous gap between the hybrid layer and resin cement was 

observed. . 

Figg 2. Photomicrograph shows resin dentin interdiffusion zone at apical level of a Group 2 
sample:: resin tag and hybrid layer formation is clearly detectable (original magnification: SEM 

x1310). . 

Figg 3. Photomicrograph of coronal third (Group 3 sample); Uniformly formed resin tags (T) and 
hybridd layer (H) are visible (original magnification: SEM x1310). 
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EvaluationEvaluation of resin tag formation 

Thee density of resin tags in Groups 1 and 3 was higher in the coronal and 

middlee thirds than in the apical third (Fig 4) and they were longer than those 

seenn apically (Fig 5);(Table 3). 

Tablee 3: 
Meann and Standard Deviation (SD) of Resin Tag Formation Scores 
Recordedd at 1-, 4.5-, and 8 mm Levels. (Group with Different Character 
Showedd Statistically Significant Differences). 

Group p 
EX/LC C 
EX/DSC C 
EX/LC C 

11 mm level (Coronal 
third) ) 

Meann SD 
2,9aa 0,3 
2,9aa 0,2 
2,8aa 0,4 

4,55 mm level 
(Middlee third) 

Meann SD 
2.4bb 0,2 
2,9aa 0,4 
2,3bb 0,3 

(88 mm level (Apical 
third third 

Meann SD 
1,3CC 0.3 
2.6abb 0,5 
1,2  0,5 

EX/LC:: Excite light-curing; 
EX/DSC:: Excite self-activated; 
OS:: One Step. 

Inn the coronal two thirds of the roots adhesive lateral branch formation was 

alsoo observed. In the coronal and middle thirds the resin tags showed a 

characteristicc reverse-cone shape, whereas in the apical third this 

morphologyy was seen only occasionally. In the apical third the resin tags 

weree often seen to only plug the tubules (Fig 5). 

Resinn tag and lateral branch formation in Group 2 was more uniform than in 

Groupp 1 and 3. The morphology of resin tags was similar in alt three thirds 

andd characteristic reverse-cone shape was observed also apically (Figs 6,7). 

Adhesivee lateral branches were evident also apically (Fig 8). 

Inn all groups, the area of resin tags reproducing demineralized tubular 

dentinn was rough and replaced the tubular dentin dissolved by the acid. 
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Statisticallyy significant differences were noted (P<0.05) between Group 2 

andd the other two groups at medium and apical thirds (Table 3). 

Figg 4. Photomicrograph of Group 1 sample: Long resin tags are visible coronally (original 
magnification:: SEN! x2020). 

Figg 5. Photomicrograph of apical third (Group 1 sample): resin plugs are visible (original 
magnification:: SEM x1550). No characteristic morphology of resin tags is noted. 
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Figg 6. Photomicrograph of middle third (Group 2): at low magnification the uniform resin tag 
formationn is evident (original magnification: SEM x655). 

Figg 7. Photomicrograph of coronal third (Group 2): Adhesive lateral branch formation is evident 
(originall magnification: SEM x2020). 
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Figg 8. Photomicrograph shows resin tag and adhesive lateral branch formation at apical third 
(Groupp 2 sample)(original magnification: SEM x2020). 

Discussio n n 

Recently,, scanning electron microscopic investigations have been performed 

forr evaluating the bonding mechanism of adhesive systems in root canals . 

Basedd on the infiltration of the demineralized surface and on formation of 

resinn tags and adhesive lateral branches4,16,17 these studies clearly showed 

thatt the bonding mechanism of the tested adhesive systems to root dentin 

substratee is essentially of the same micromechanical nature. 

Basedd on a recent study16, RDIZ formation was evaluated by calculating the 

entiree length of RDIZ formed along the interface between conditioned dentin 

andd the adhesive resin. Also the amount of resin tags was recorded from 

horizontall bands around the post at 1-, 4.5- and 8- mm from the apices of 

thee root canal preparations16. In this manner it was possible to statistically 

analyzee the data obtained from samples of 3 different groups. 

Thee results of this study can be correlated to those of another study recently 

performedd following the same methods16: the use of thin microbrush as 
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carrierr of primer-adhesive solution always resulted in more uniform and 

predictablee RDIZ and resin tag formation, which also was evident in the 

apicall third of root canal preparations. 

Thee self-activated bonding system, Excite dual-curing adhesive in 

combinationn with self-curing resin cement showed the most uniform RDIZ 

andd resin tag formation along root canal walls. Therefore, it seems that the 

combinationn of a thin microbrush with self-activating particles is the most 

predictablee procedure for bonding/luting fiber posts. 

Inn the samples of Group 1 and 3, different resin tag densities were noted at 

thee three horizontal bands, whereas Group 2 specimens showed a more 

uniformm formation of resin tags. This could be related to the size of the 

microbrushh used for carrying the primer and/or primer-adhesive solutions 

intoo the root canal space: The length of the bristles used in Group 1 and 3 

wass approximately 4-5 mm, which might have been inadequate to reach to 

thee apical third. In this case, the primer-adhesive solution might have been 

ablee to penetrate the opened dentinal tubules due to its wettability, but not 

enoughh to properly infiltrate the apical substrate. The use of a very thin 

microbrush,, as in Group 2, allowed to carry the primer-adhesive solution 

deeplyy into a root canal. The more uniform resin tag formation on the apical 

thirdd of Group 2 samples might as well be due to the ability of the microbrush 

too locally activate the self-curing step of the priming-adhesive solution, thus 

ensuringg a proper polymerization of the bonding. 

Afterr light curing the bonding system (Group 1 and 3) from coronal end of 

thee canal, the dentin bonding system tested was able to form a RDIZ that did 

nott interfere with the post placement into the root canal. This is likely due to 

thee fact that the 'one-step' bonding systems tested in this study produce a 

veryy low film thickness, the bonding systems are light sensitive and can be 

polymerizedd by a light source placed at the access to the root canal. 

Thee two types of translucent posts tested in this study showed good 

adaptationn to proprietary resin cement. In this study, absence of 

voids/bubbless at the fiber post/resin cement interface was noted. This finding 

couldd result from the good bond between the resin matrix of the post and of 
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thee resin cement. The posts have an endodontic shape and were developed 

inn order to reduce the removal of root dentin with burs to a minimum amount 

off substrate. 

Thee variability of root anatomy, the consequent variability in the amount of 

resinn cement and its tridimensional distribution into a prepared canal space 

mightt cause void formation within resin cement. 

Inn the light of the results of this study, a direct correlation between each 

clinicall bonding procedure and resin tag, adhesive lateral branch and RDIZ 

formationn was found. The combination of a self-curing bonding/resin cement 

systemm with experimental Vectris fiber posts showed the most uniform resin 

tag,, adhesive lateral branch and RDI2 formation and, therefore might be 

proposedd as reliable clinical procedure. 
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Self-Curin gg adhesiv e syste m 

b.. Clinica l experience . 

Introductio n n 

Endodontics!Iyy treated teeth often require a post and core for being restored. 

Forr a long period of time, metal post-and-core systems were selected and 

used1.. More recently, fibre posts have been proposed for restoring 

endodonticallyy treated teeth6. Fibre posts are luted with a bonding technique 

andd are passive. The modulus of elasticity of fibre posts is similar to that of 

dentinn and, therefore the risk of root fracture is excluded1. Recently, the 

clinicall efficacy and predictability of fibre posts have been 

demonstrated4'910'17. . 

Differentt resin cement-bonding system combinations have been proposed. 

Originally,, carbon fibre posts (RTD, St. Egreve, France) were used in 

combinationn with a three-step bonding system (All Bond 2, Bisco Co., 

Schonerburg,, Illinois, USA), and a self-curing resin cement (C & B, Bisco 

Co)11.. Successively, several 'one-bottle' bonding systems have been 

proposedd in combination with proprietary self-curing and/or with dual resin 

cements7,8.. Also, other bonding systems (such as SBMMP and SB1, 3M, St. 

Paul,, USA, Excite, Vivadent, Schaan, Liechtenstein, Panavia Ex and F, 

Morita,, Tokyo, Japan) have been used for bonding/luting fibre posts in 

combinationn with proprietary resin cements5'9. 

Severall types of fibre posts have appeared in the market: Carbon, quartz, 

hybridd fibre posts. More recently, translucent fibre posts have been 

proposed9,16. . 

Thee use of translucent posts, able to permit to the light to pass through it and 

too arrive at the bottom of the root canal preparation, has opened the 
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possibilityy of using an esthetic post, simplifying the clinical luting procedure 

andd reduce the working time16. 

Thee clinical use of translucent posts can essentially look for two different 

goals:: 1. an improvement of the polymerisation rate of resin composite used 

forr core build up and resin cement and 2. a polymerisation in one 'shot' of all 

thee adhesive materials. 

Itt is not proven yet if the light intensity passing through the post can be 

sufficientt to polymerise the resin cement and bonding system completely 

andd simultaneously. If a practitioner does not anticipate a complete 

polymerisationn in one 'shot' through the translucent post, he has two options: 

thee bonding system can be polymerised separately, light-curing it 

immediatelyy after its application into the root canal8 or a self-activating 

bondingg system can be used, as shown in this case report. 

AA self-activating bonding system has been proposed3. Thanks to small 

particless of catalyst placed into the bristles of a very thin microbrush (Fig. 1), 

thee dual-cure 'one-bottle' bonding system (Excite DC, Vivadent) can 

polymerisee also in the area where the light can not arrive effectively; the 

primer-adhesivee solution can be carried into the deepest area of canal 

preparationn and simultaneously self-activated (Fig. 2). This new adhesive 

materiall is combined with a self-curing luting material (MultiLink, Vivadent) 

andd Vectris fibre posts (Ivoclar, Schaan, Liechtenstein), which are based on 

fibree reinforced technology. This technique may be simple and predictable 

forr the practitioner. 

Efficacyy of a bonding system is based on resin dentin interdiffusion zone 

(RDIZ),, resin tag and adhesive lateral branch formation13,14. 

Thee aims of this report were 1. to document the clinical luting procedures of 

aa Vectris fibre post bonded with a self-activating bonding system and self-

curingg resin cement and 2. to evaluate the bonding mechanism of Excite DC 

inn luting fibre posts under clinical conditions. 
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Figg 1. The thin microbrush can penetrate deeply into the root canal preparation. 

Figg 2. Microphotograph shows bristles of a microbrush with self-activating particles (SEM x16) 
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Material ss  and Method s 

Fivee patients were selected for this study to document clinical procedure and 

too evaluate bonding mechanism under clinical conditions. 

Casee report 

AA 39-year-old female presented with secondary caries in a maxillary canine 

thatt had been restored with an amalgam restoration 12 years previously 

(Fig.. 3). The clinical examination demonstrated the need for treating the 

toothh endodontically. The teeth were endodontically instrumented at a 

workingg length of 1 mm from the apex to a #35 master apical file. A step-

backk technique was used with stainless-steel K-files (Union Broach, New 

York,, NY), gates Glidden drills #2 to #4 (Union Broach), and 2.5% sodium 

hypochloritee irrigation. The prepared tooth was obturated with gutta-percha 

andd resin sealer (AH-26, DeTrey, Zurich, Switzerland) using the lateral 

condensationn technique. The patient was informed of the possibility of 

coveringg the tooth with a crown, but because she had to travel the day 

afterr for her business, she preferred to postpone this decision. It was 

decidedd to restore the tooth with a fibre post immediately after endodontic 

treatmentt at the same appointment. Guttapercha was removed by a hot 

handd instrument and then the root canal was slightly enlarged with a pre-

formedd low-speed bur provided by the manufacturer (Ivoclar) to a depth of 

9-100 mm. The post was tried in and cut at a convenient length (Fig 4). The 

roott canal walls were etched with 37% phosphoric acid for 15 s, washed 

withh an endodontic water syringe and then gently air-dried. The excess 

waterr was removed from the post space using paper points. Subsequently, 

Exitee DC (Vivadent) was applied with a thin self-activating microbrush (Fig. 

5),, left undisturbed for 30 s, gently air-dried and the remaining puddled 

adhesivee solution was removed from the post space using a paper point. In 

thee mean time the adhesive solution started to self-cure, MultiLink self-

curingg resin cement base and catalyst (Vivadent) were mixed according to 

thee manufacturer's instructions. The diameter of the Vectris post used was 

1.11 mm. The cement was applied on the post surface and also carried into 
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thee root canal space using a ientulo drill and the post was inserted into the 

canal.. The cement was allowed to set and crown build up was completed 

withh Tetric Ceram resin composite (Vivadent, Shade A3)(Figs. 6-7). 

Figg 3. The radiograph of the tooth shows the old amalgam restoration 
locatedd very close to the pulp. 

Figg 4. After the endodontic treatment is performed and the root canal space prepared, the 
translucentt post is tried into the canal space and then cemented. 
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Figg 5. The thin microbrush is used for carrying the adhesive solution into the root canal space 
andd to self-activating it simultaneously. 

Figg 6. The radiograph shows the canine after placement of the post. 
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Figg 7. The final restoration at 12-month recall. 

SEMM evaluation 

Fourr other patients presented an anterior single root, endodontically treated 

teeth,, already scheduled for extraction because of endodontic or periodontal 

problems.. Clinical and radiographic examination demonstrated the need for 

extractionn of these teeth. The patients were informed and their written 

consentt was obtained to postpone the extraction for one week. Approval by 

thee ethics committee was obtained. The teeth were restored as described 

above,, using Excite DC, Multilink resin cement and Vectris posts. 

AA week later, the root samples were extracted and then sectioned parallel to 

thee long axis of the tooth using a diamond saw (Isomet, Buhler, Lake Bluff, 

NY,, USA) at slow speed under water. 

RDIZZ formation 

Onee section of each root was gently decalcified (32% phosphoric acid was 

appliedd for 30 seconds and the sample was then washed and gently air-

dried)) and deproteinized (the sample was immersed in a 2% sodium 

hypochloritee solution for 120 seconds) in order to evaluate RDIZ formation. 
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Afterr being extensively rinsed with water, the specimens were submitted to 

ann ascending alcohol series, sputter-coated with gold (Edwards Ltd, London, 

UK)) and observed with a scanning electron microscope (Philips 515, Philips 

Co.,, Eindhoven, The Netherlands) at different magnifications. 

Thee following aspects were evaluated by scanning electron microscope: 

1.. The formation and uniformity of the RDIZ related to the entire length of the 

observedd interfaces; 2. The presence or absence of gaps: a. Inside the 

adhesivee layer, b. Between the adhesive and resin cement layer, c. Inside 

thee resin cement layer, d. Between adhesive and post. 

Resinn tag formation 

Thee other section of each sample was stored in 30% HCI for 24 hours in 

orderr to completely dissolve the dental substrate and to detect resin tag and 

adhesivee lateral branch formation. The samples were then processed for 

SEMM observation as already described. 

Seriall SEM photomicrographs at x500 original magnification were taken of 

thee canal walls at the 1-, 4.5- and 8- mm levels (Fig. 8). The serial 

photomicrographss were aligned to form a continuous horizontal examination 

stripp at the 3 levels. Then, SEM photomicrographs at higher magnification 

(x1000,, x2000, x5000) were taken to document morphology of resin tags 

andd adhesive lateral branches at the same three levels described above. 

SEMM evaluation was performed in double blind by two different operators. 

Figg 8. Composite picture shows the three levels of observation (arrows) (Original magnification 
x20).. Root canal preparation was 9-10 mm in length. The level of observations was 1 mm from 

thee most apical part of the preparation (apical third, AT), at 4,5 mm from the apical and/or 
coronall level (medium third, MT) and 8 mm from the apical level and/or 1 mm from the most 

coronall part of the preparation (coronal third, CT). 
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Result s s 

Noo voids/bubbles were noted at the interface between Vectris posts and 

experimentall resin cement. 

Thee cement thickness varied in relation of root anatomy of each individual 

toothh and it was similar in all samples. The adhesive-dentin interface was 

freee from voids/bubbles. Voids/bubbles were found within the resin cement 

inn all samples. 

RDIZZ observations 

Inn all samples, RDIZ formation was evident along the interface between 

adhesivee material and etched dentin. The uniformity of the hybrid layer was 

observedd also apicaliy (Fig. 9). 

Figg 9. Photomicrograph shows the resin-dentin interdiffusion zone at apical level. 
Thee resin-dentin interdiffusion zone is clearly detectable (Original SEM x 1010). 

Resinn tag observations 

Thee resin tags formed in the coronal, middle and apical areas of the roots 

showedd same morphology and similar length (Figs. 10-12). Resin tags 
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showedd characteristic reverse-cone shape (Fig. 13). Also the density of resin 

tagss was similar in the three areas (Figs. 10-12). In all samples, the area of 

resinn tags reproducing demineralized tubular dentin was rough and reflected 

thee aspect of tubular dentin dissolved by the acid. 

Figg 10. Photomicrograph at coronal level. 
Ann uniform resin tag formation is detectable (SEM x 156). 

Figg 11. Photomicrograph at middle level. Resin tag formation is evident (SEM x 160) 
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Figg 12. Photomicrograph at apical level. Also in the most apical part of the root canal space 
resinn tag formation is clearly visible (SEM x 503). 

Figg 13. Photomicrograph at apical level. High magnification of Fig. 12. Adhesive lateral branch 
formationn is evident and characteristic resin tag morphology is noted (SEM x 5000) 
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Discussio n n 

Thee adhesive systems of the latest generation are able to effect, as a result 

off an etching technique, the complete removal of the smear layer, as well as 

thee demineralization of the dentin, so as to expose a fine network of collagen 

fibrils14.. The infiltration of this network with resin allows the formation of a 

RDIZZ with resin tags and adhesive lateral branches, thus producing a 

micromechanicall retention of the resin to the demineralized substrate2,13,15. 

Recently,, the capability of Excite DC bonding system to form RDIZ, resin 

tagss and adhesive lateral branches has been demonstrated in Class V and 

roott canal walls3,8. 

Inn order to carry the adhesive solution into the root canal preparation and 

determinee RDIZ and resin tag formation apically, a thin microbrush was 

used:: the use of a microbrush allows to reach the most apical part of the root 

preparationn and the form, an effective micromechanical bonding mechanism 

withh demineralized dentin under laboratory conditions8. 

Thereforee it seems that the combination of a thin microbrush and a self-

activatedd bonding system may be a predictable procedure for 

bonding/lutingg fiber posts also under clinical conditions. 

Thee Vectris translucent post used in this study has an endodontic shape 

whichh was designed to reduce the removal of root dentin with drills to a 

minimum.. This type of post, like the other available on the market, has a 

limitation:: it is not radiopaque. This is due to the fact that fibre technology 

doess not permit to manufacturer radiopaque fibre posts without alter their 

mechanicall properties. The Vectris post, described in this report, may be 

combinedd not only with proprietary adhesive/luting materials but also with 

alll other adhesive materials already available on the market and indicated 

forr luting posts. 

Presencee of voids/bubbles noted within resin cement in all samples may be 

relatedd to different factors, such as root anatomy, the consequent 

variabilityy in the amount of resin cement, the carrier used for placing the 
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cementt into root canal and its tridimensional distribution into a root canal 

spacee and the mixing step in which air bubbles can be included. 

Ann important factor in determining the success of luting procedures for 

fiberr posts is the knowledge and experience of the practitioner and the 

predictabilityy of the clinical technique. From a clinical point of view, the use 

off a self-activating bonding system in combination with a self curing resin 

cementt resulted in easy, quick and predictable clinical procedure. 

Thee final conclusions on the use of translucent fiber posts will depend on 

thee results of ongoing prospective multicentre studies. 
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Chapte rr  6 Estheti c aspect s 

Maskin gg the "colo r of the post " 

Introductio n n 

Thankss to improved materials and procedures it is now possible to 

reproducee the natural appearance of teeth in the anterior region with all-
1,2 2 

ceramicc single unit crowns. If an all-ceramic single unit crown is placed on 

ann endodontically treated tooth and prefabricated or cast metallic posts are 

employed,, the color and opacity of the post may lead to discoloration and 
3 3 

shadowing,, both of the gingiva and the cervical root. In order to solve this 

estheticc problem, a system of pre-fabricated ceramic posts has been 
4 4 

introducedd to be used in combination with adhesive materials. One of these 

iss made of tetragonal Zirconium poly-crystals (Zr02 - TZP) stabilized by 3 

moll % Y203
5 Another is a new experimental type of zirconium post 

6 6 

(Dentsply-Maillefer).. Although nearer to the color of dentin, these bright 

whitee posts still require to be masked. 

Parallell to color, attention in the field of posts is given to balance mechanical 
4,5 5 

propertiess of the post and the tooth structure, which led to the introduction 
7-10 0 

off Carbon fiber posts. Although the modulus of elasticity of these posts is 

reportedd to be similar to root dentin 7'8, the color now differs again greatly 

fromm that of dentin. In this view, it has to be questioned how the post colors 

cann be masked by the cement and ceramic thickness and shade in 
11 1 

aestheticss all-ceramic crowns. 

Thee aim of the present in vitro study was to evaluate the influence of the 

colorr of two commercially available non-metallic posts (Carbon fiber and 

Zirconium)) and an experimental esthetic post, as well as the shade and 
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thicknesss of the luting cements on the color and aesthetics of all-ceramic 

restorations. . 

Material ss  and Method s 

Inn order to simulate the clinical situation in which a single-unit all-ceramic 

crownn can be bonded on different abutment substrates and to evaluate 

whetherr the abutment color and cement shade will influence the final 

estheticc appearance of ceramic crowns, sample disks of several materials 

weree prepared following a standardized procedure. The types of materials 

andd the combinations tested are reported in Table I. In order to make the 

discss of a fixed diameter and variable thickness a proprietary device was 

used.. Wax disks were prepared and then cast in the IPS-Empress ceramic 

shadee 230, (Ivoclar, Schaan, Liechtenstein) strictly following the 

manufacturers'' instructions. This well discribed brand was chosen to be 

representativee for the ceramic12. Sample disks of the ceramic were made in 

1.0,, 1.5 and 2.0 mm thickness. Zirconium post material (Ivoclar, Schaan, 

Liechtenstein)) sample-disks were made by the manufacturer. Disks of 

Carbonn fiber (RTD, Grenoble, France) and the white experimental material 

(RTD)) were made by assembling several posts together with cyanoacrylate 

andd shaping the discs with a diamond saw. Finally same sized resin 

compositee disks (2100, 3M Co, St. Paul, MN) were produced. In a similar 

way,, sample disks of Variolink II luting cement (Vivadent, Schaan, 

Liechtenstein)) were prepared at a thickness of 0.1 and 0.2 mm in all the 

threee commercially available shades (white, yellow and brown). The resin 

compositee Z100 (shade A3) was employed as a dentin color reference. After 

calibratingg the desired thickness, the material was placed inside the mold 

andd covered with a Mylar matrix, in order to avoid polymerization inhibition 

byy oxygen. Subsequently, the sample was covered with a 1 mm thick glass 

platee to obtain a smooth and bubble-free surface. The material was 
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polymerizedd for 10 sec with a Visilux 2 light source (3M Co). Then the glass 

wass removed, and the composite was irradiated for another 50 sec. To 

simulatee the clinical condition, where after placing of the post in the root 

canal,, the abutment is build-up with a resin composite and the ceramic 

restorationn is placed on the top of it, a laboratory procedure was followed, in 

whichh the three possible combinations of stapling of the discs was 

employed.. This was done for four different substrates, three cements and 

threee heights of ceramic discs (Table I). 

Tablee I. . The types of materials and the combinations tested 

Groupp A - The evaluation of the influence of ceramic thickness 

Ceramic c 

Cement t 

Substrates s 

Empress s 
230 0 
1.0mm m 

Variolink k 
Yellow w 
0.1mm m 

Carbon n 
Fiber r 

Empress s 
230 0 
1.5mm m 

Zirconium m 

Empress s 
230 0 
2.0mm m 

Experimental l 

Batchh 616084 

#539l20,Lot t 
724142 2 

Composite e 
ZI00A3 3 

Groupp B - Evaluation of the influence of the cement shade 

Ceramic c 

Cement t 

Substrates s 

Empress s 
230 0 
1.0mm m 

Variolink k 
Brown n 
0.2mm m 

Carbonn Fiber 

Variolink k 
Yellow w 
0.2mm m 

Zirconium m 

Variolink k 
White e 
0.2mm m 

Experimental l 

Batchh 616084 

#539120,Lot t 
724142 2 

Composite e 
Z100A3 3 
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Groupp C - Evaluation of the influence of the cement layer 
thickness s 

Ceramic c 

Cement t 

Substrates s 

Empresss 230 
1.0mm m 

Variolink k 
Brown n 
0.1mm 0.1mm 
Variolink k 
Brown n 
0.2mm m 

Carbonn Fiber 

Variolink k 
Yellow w 
0.1mm m 
Variolink k 
Yellow w 
0.2mm m 

Zirconium m 

Variolink k 
White e 
0.1mm m 
Variolink k 
White e 
0.2mm m 

Experimental l 

Batchh 616084 

#539120,Lot t 
724142 2 

Composite e 
Z100A3 3 

Forr each combination, the color was measured (n=5) using a 

spectrophotometerr (PSD 1000, Ocean Optics, Fl, USA). The 

spectrophotometerr was configured with a 4570  viewing geometry. 

Observationss were performed with a 10  observer and illuminant D65. Data 

weree recorded in the L*a*b* system and analyzed by a software (OOI Lab 

1.0,, Ocean Optics, Fl, USA). The average value was calculated and used for 
22 2 2 1/2 

analysis.. By applying the formula AE=[(AL*) +(Aa*) +(Ab*) ] it was possible 

too calculate AE and to compare the material combinations13. 

Literaturee is not in agreement with respect to the limit for the human eye to 

appreciatee differences in color, also considering that this limit differs from 

individuall to individual (as it is a combination of eye characteristics and skill 

fromm the operator)14"18. For this study, following the indications coming from 
19 9 

literaturee and referred to ceramic material , this pattern was used : values 

off AE <1 were regarded as not appreciable by the human eye. Values 1<AE 

<22 are appreciable also by non skilled, but careful observing operators, and 

cann be considered clinically acceptable. Values of AE >2 are appreciable 
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alsoo by non skilled persons and for that reason are clinically not acceptable. 

Threee series of different investigations were performed. In Group A (four 

differentt substrates, 0.1 mm cement (Y), three ceramic thickness values) the 

aimm was to study the ability of the ceramic to mask the aspect of the 

abutmentt in relation to ceramic thickness. In Group B (four different 

substrates,, three cement colors, 1 mm ceramic) was performed in order to 

evaluatee whether a change in cement color does affect the final color of the 

ceramic.. In Group C (four different substrates, two cement thickness values 

forr all the three colors, 1 mm ceramic) the goal was to investigate if different 

thicknesss values of cement influence the final color of the ceramic. The two 

thicknesss values (0.1 mm and 0.2 mm) were selected as being clinically 
19.20 0 

relevant. . 

Results s 

Inn the Tables II - VI the average values of AL*, Aa*, Ab*, and calculated 

valuess of AE are given. Table II - IV refer to the experiments in Group A, 

Tablee V to Group B and Table VI to Group C. 

Fromm Table II (ceramic thickness = 1.0 mm) it can be seen that all the 

differencess are visually appreciable also for the non skilled operator (AE >2). 

Fromm Table III (ceramic thickness = 1.5 mm) it can be learned that AE values 

decreasee and some differences can only be appreciated with laboratory 

instrumentss (AE <1), while some other show still AE >2. Table IV (ceramic 

thicknesss = 2.0 mm) shows that at this ceramic thickness there are no 

clinicallyy relevant differences visible. Table V (variable cement shades) 

showss that the effects of differences in cement color are all in a range AE<1, 

thuss only instrumentally appreciable. As these experiments were limited to a 

1.00 mm ceramic thickness, it is clear that at thicker ceramic layers the effect 

willl be even less visible. Table VI (variable cement layer thickness) indicates 
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thatt except for the white cement on a Carbon fiber post, which showed a 

AE=1.3,, all the differences in color range below 1 (AE<1). This means that 

differencess caused by cement layer thickness can only be appreciated 

instrumentally.. These AE values were a little greater than those of the 

cementt color experiment (Group B) given in Table IV. Also in this case, the 

calculationss were limited to a ceramic sample thickness of 1.0 mm and the 

effectt of the cement layer thickness can thus be clinically neglected if the 

ceramicc becomes thicker than 1 mm. 

Discussion n 

Fromm the results of this study, the importance of ceramic thickness on is 

evident.. When the minimal thickness of the buccal surface of the ceramic 

crownn was 2.0 mm, independently from the type of material combinations, 

thee color differences were detectable with the spectrophotometer but were 

clinicallyy not relevant. When the thickness of the ceramic discs was 1.5 mm, 

aa wide variety of results ranging from color differences detectable only with 

thee spectrophotometer to relevant and clinically not acceptable differences. 

Whenn the ceramic thickness was 1.0 mm, color differences were often 

evidentt and clinically not acceptable. Although only one single shade of one 

singlee brand of ceramic was used in this study, the chosen material may be 

consideredd exemplary for its kind11. The cement color, determined at the 

lowerr ceramic thickness (1.0 mm) and with the higher thickness of cement 

(0.22 mm), is only of slightly influence. All the comparisons show a AE <1. 

Thee shade of the cement seems to influence the final color of the restoration 

too a very low degree. All the differences are only instrumentally detectable 

andd not clinically detectable. The influence of the cement thickness is low 

andd slightly greater than that of the shade. For some cases AE >1 was 

found.. It is important to underline that the shade of the cement can be 

selectedd by the operator, while the thickness is the result of a series of 
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proceduress and therefore can not be completely managed for color control. 

Accordingg to the manufacturers' instructions, IPS-Empress single-unit all-

ceramicc crowns will not fracture under occlusal loading, if the thickness is at 

leastt 1.5mm. Therefore, the influence of abutment color on the final esthetic 

resultt can be mainly minimized. When the minimal thickness of buccal 

ceramicc surface is 1.5 mm or less, a careful selection of abutment, resin 

cementt and ceramic shade can prevent unpleasant esthetic appearances. In 

thiss respect, the use of a try-in paste can help on predicting possible 

influencess of resin shades on final esthetics. Different factors can influence 

thee selection of the proper post system. All the tested post materials were 

bondedd into the root canal. 

Conclusion s s 

Fromm the results of this study, it can be concluded that when an IPS-

Empresss restoration has been planned, if the availability of space for the 

ceramicc is 2.0 mm the final result of the restoration is not affected by the 

presencee of different substrates with different colors. When the space for the 

ceramicc decrease to 1.5 mm there is the need to evaluate the substrate 

aspects.. Small differences may be clinically not relevant, but it is necessary 

too avoid a wide difference in substrate color. If the ceramic thickness is of 

1.00 mm, it is contra-indicated to use a full ceramic crown because its poor 

resistancee to occlusal loading and the need for color match of the abutment 

too ensure acceptable esthetic result. 

Differencess in cement thickness may slightly influence the final result. As this 

parameterr can be controlled from the operator only to a certain extent, it 

cannott be considered as a procedure to correct color. The availability of 

differentt cement shades allows only minor esthetic corrections, which might 

bee instrumentally detectable but are clinically not relevant. 
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Tablee II : Empress thickness 1.0 mm 

Samplee 1 

FC C 
vy01 1 
E23O10 0 

FC C 
vy01 1 
E23010 0 

FC C 
vy01 1 
E23010 0 

Exp p 
vy01 1 
E23010 0 

~Êx~p p 

vy01 1 

E23010 0 

2100A3 3 
vy01 1 
E23010 0 

L L 
a a 
b b 

L L 
a a 
b b 

L L 
a a 
b b 

L L 
a a 
b b 

L L 
a a 
b b 

L L 
a a 
b b 

Valuee 1 

76,8 8 
5.1 1 
31,6 6 

76,8 8 
5.1 1 
31,6 6 

75,5 5 
4,4 4 
29,8 8 

77,1 1 
6,5 5 
33,5 5 

77,1 1 
6,5 5 
33,5 5 

76,7 7 
6,1 1 
32,4 4 

Samplee 2 

Exp p 
Vy01 1 
E23010 0 

Z100A3 3 
Vy01 1 
E23010 0 

ZrO O 
Vy01 1 
E23010 0 

2100A3 3 
Vy01 1 
E23010 0 

ZrO O 
Vy01 1 
E23010 0 

ZrO O 
Vy01 1 
E23010 0 

L L 
a a 
b b 

L L 
a a 
b b 

L L 
a a 
b b 

L L 
a a 
b b 

L L 
a a 
b b 

L L 
a a 
b b 

Valuee 2 

77,1 1 
6,5 5 
33,5 5 

76,7 7 
6,1 1 
32,4 4 

78,2 2 
7,1 1 
34,5 5 

76,7 7 
6,1 1 
32,4 4 

78,2 2 
7,1 1 
34,5 5 

78.2 2 
7.1 1 
34,5 5 

AL* * 
Aa* * 
Ab* * 

AL* * 
Aa* * 
Ab* * 

AL* * 
Aa* * 
Ab* * 

AL* * 
Aa* * 
Ab* * 

AL* * 
Aa* * 
Ab* * 

AL* * 
Aa* * 
Ab* * 

-0,3 3 
-1,4 4 
-1,9 9 

0,1 1 
-1 1 
-0,8 8 

-2,7 7 
-2,7 7 
-4,7 7 

0,4 4 
0,4 4 
1,1 1 

-1,1 1 
-0,6 6 
-1 1 

-1,5 5 
-1 1 
-2,1 1 

AE E 

AE E 

AE E 

AE E 

AE E 

AE E 

2,4 4 

1,3 3 

6,1 1 

1,2 2 

1,6 6 

2,8 8 
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Tablee III : Empress thickness 1.5 mm 

Samplee 1 

FC C 
vy01 1 
E23015 5 

FC C 
vy01 1 
E23015 5 

FC C 
vy01 1 
E23015 5 

Exp p 
vy01 1 
E23015 5 

Exp p 
vy01 1 
E23015 5 

Z100A3 3 
vy01 1 
E23015 5 

L L 
a a 
b b 

L L 
a a 
b b 

L L 
a a 
b b 

L L 
a a 
b b 

L L 
a a 
b b 

L L 
a a 
b b 

Valuee 1 

76,4 4 
5.4 4 
31,9 9 

76,4 4 
5,4 4 
31,9 9 

76,4 4 
5,4 4 
31,9 9 

76,3 3 
6,1 1 
32,3 3 

76,3 3 
6,1 1 
32,3 3 

76.1 1 
5,9 9 
32,1 1 

Samplee 2 

Exp p 
vy01 1 
E23015 5 

Z100A3 3 
vy01 1 
E23015 5 

ZrO O 
vy01 1 
E23015 5 

Z100A3 3 
vy01 1 
E23015 5 

ZrO O 
vy01 1 
E23015 5 

ZrO O 
vy01 1 
E23015 5 

L L 
a a 
b b 

L L 
a a 
b b 

L L 
a a 
b b 

L L 
a a 
b b 

L L 
a a 
b b 

L L 
a a 
b b 

Valuee 2 

76,3 3 
6,1 1 
32,3 3 

76,1 1 
5,9 9 
32,1 1 

77,2 2 
6,6 6 
33,4 4 

76,1 1 
5,9 9 
32,1 1 

77,2 2 
6,6 6 
33,4 4 

77,2 2 
6,6 6 
33,4 4 

AL* * 
Aa* * 
Ab* * 

AL* * 
Aa* * 
Ab* * 

AL* * 
Aa* * 
Ab* * 

AL* * 
Aa* * 
Ab* * 

AL* * 
Aa* * 
Ab* * 

AL* * 
Aa* * 
Ab* * 

0,1 1 
-0,7 7 
-0,4 4 

0,3 3 
-0,5 5 
-0,2 2 

-0,8 8 
-1.2 2 
-1,5 5 

0,2 2 
0,2 2 
0,2 2 

-0,9 9 
-0,5 5 
-1.1 1 

-1.1 1 
-0,7 7 
-1.3 3 

AE E 

AE E 

AE E 

AE E 

AE E 

AE E 

0,8 8 

0,6 6 

2,1 1 

0,3 3 

1,5 5 

1,8 8 
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Tablee IV: Empress thickness 2.0 mm 

Samplee 1 

FC C 
vy01 1 
E23020 0 

FC C 
vy01 1 
E23020 0 

FC C 
vy01 1 
E23020 0 

Exp p 
vy01 1 
E23020 0 

Exp p 
vy01 1 
E23020 0 

Z100A3 3 
vy01 1 
E23020 0 

L L 
a a 
b b 

L L 
a a 
b b 

L L 
a a 
b b 

L L 
a a 
b b 

L L 
a a 
b b 

L L 
a a 
b b 

Valuee 1 

76,9 9 
3,6 6 
28,9 9 

76,9 9 
3,6 6 
28,9 9 

76,9 9 
3,6 6 
28,9 9 

76,5 5 
4.3 3 
30,2 2 

76,5 5 
4,3 3 
30,2 2 

76,6 6 
4,1 1 
29,6 6 

Samplee 2 

Exp p 
vy01 1 
E23020 0 

Z100A3 3 
vy01 1 
E23020 0 

ZrO O 
vy01 1 
E23020 0 

Z100A3 3 
vy01 1 
E23020 0 

ZrO O 
vy01 1 
E23020 0 

ZrO O 
vy01 1 
E23020 0 

L L 
a a 
b b 

L L 
a a 
b b 

L L 
a a 
b b 

L L 
a a 
b b 

L L 
a a 
b b 

L L 
a a 
b b 

Valuee 2 

76,5 5 
4,3 3 
30,2 2 

76,6 6 
4,1 1 
29,6 6 

77,6 6 
4,6 6 
30,4 4 

76,6 6 
4,1 1 
29,6 6 

77,6 6 
4,6 6 
30,4 4 

77,6 6 
4,6 6 
30,4 4 

AL* * 
Aa* * 
Ab* * 

AL* * 
Aa* * 
Ab* * 

AL* * 
Aa* * 
Ab* * 

AL* * 
Aa* * 
Ab* * 

AL* * 
Aa* * 
Ab* * 

AL* * 
Aa* * 
Ab* * 

0,4 4 
-0,7 7 
-1,3 3 

0,3 3 
-0,5 5 
-0,7 7 

-0,7 7 
-1 1 
-1.5 5 

-0,1 1 
0,2 2 
0,6 6 

-1,1 1 
-0,3 3 
-0,2 2 

-1 1 
-0,5 5 
-0.8 8 

AE E 

AE E 

AE E 

AE E 

AE E 

AE E 

1,5 5 

0,9 9 

1,9 9 

0,6 6 

1,2 2 

1,4 4 
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Tablee V: Influence of the shade of the cement 

Samplel l 

FC C 
vw02 2 
E23010 0 

FC C 
vy02 2 
E23010 0 

FC C 
vw02 2 
E23010 0 

ZrO O 
vw02 2 
E23010 0 

ZrO O 
vy02 2 
E23010 0 

ZrO O 
vw02 2 
E23010 0 

Z100A3 3 
vw02 2 
E23010 0 

Z100A3 3 
vy02 2 
E23010 0 

Z100A3 3 
vw02 2 
E23010 0 

Exp p 
vw02 2 
E23010 0 

Exp p 
vy02 2 
E23010 0 

Exp p 
vw02 2 
E23010 0 

L L 
a a 
b b 

L L 
a a 
b b 

L L 
a a 
b b 

L L 
a a 
b b 

L L 
a a 
b b 

L L 
a a 
b b 

L L 
a a 
b b 

L L 
a a 
b b 

L L 
a a 
b b 

L L 
a a 
b b 

L L 
a a 
b b 

L L 
a a 
b b 

Valuel l 

77 7 
5,7 7 
32,3 3 

76,6 6 
5,6 6 
32,3 3 

77 7 
5,7 7 
32,3 3 

77.9 9 
6,4 4 
33,6 6 

77,9 9 
6,6 6 
33,7 7 

77,9 9 
6,4 4 
33,6 6 

76,4 4 
6,1 1 
32,7 7 

76,7 7 
6,1 1 
32,4 4 

76,4 4 
6,1 1 
32,7 7 

76,7 7 
6,3 3 
33,1 1 

76,5 5 
6,1 1 
32,9 9 

76,7 7 
6,3 3 
33,1 1 

Sample2 2 

FC C 
vy02 2 
E23010 0 

FC C 
vb02 vb02 
E23010 0 

FC C 
vb02 2 
E23010 0 

ZrO O 
vy02 2 
E23010 0 

ZrO O 
vb02 2 
E23010 0 

ZrO O 
vb02 2 
E23010 0 

Z100A3 3 
vy02 2 
E23010 0 

Z100A3 3 
vb02 2 
E23010 0 

Z100A3 3 
vb02 2 
E23010 0 

Exp p 
vy02 2 
E23010 0 

Exp p 
vb02 vb02 
E23010 0 

Exp p 
vb02 vb02 
E23010 0 

L L 
a a 
b b 

L L 
a a 
b b 

L L 
a a 
b b 

L L 
a a 
b b 

L L 
a a 
b b 

L L 
a a 
b b 

L L 
a a 
b b 

L L 
a a 
b b 

L L 
a a 
b b 

L L 
a a 
b b 

L L 
a a 
b b 

L L 
a a 
b b 

Value2 2 

76,6 6 
5,6 6 
32,3 3 

77,1 1 
5,6 6 
32,3 3 

77.1 1 
5,6 6 
32,3 3 

77,9 9 
6,6 6 
33,7 7 

77,4 4 
6,7 7 
33,6 6 

77,4 4 
6,7 7 
33,6 6 

76,7 7 
6,1 1 
32,4 4 

76.9 9 
5,7 7 
32,4 4 

76,9 9 
5,7 7 
32,4 4 

76,5 5 
6,1 1 
32,9 9 

76,8 8 
6,2 2 
33 3 

76,8 8 
6,2 2 
33 3 

AL* * 
Aa* * 
Ab* * 

AL* * 
Aa* * 
Ab* * 

AL* * 
Aa* * 
Ab* * 

AL* * 
Aa* * 
Ab* * 

AL* * 
Aa* * 
Ab* * 

AL* * 
Aa* * 
Ab* * 

AL* * 
Aa* * 
Ab* * 

AL* * 
Aa* * 
Ab* * 

AL* * 
Aa* * 
Ab* * 

AL* * 
Aa* * 
Ab* * 

AL* * 
Aa* * 
Ab* * 

AL* * 
Aa* * 
Ab* * 

0,4 4 
0,1 1 
0 0 

-0,5 5 
0 0 
0 0 

-0,1 1 
0,1 1 
0 0 

0 0 
-0,2 2 
-0.1 1 

0,5 5 
-0,1 1 
0,1 1 

0,5 5 
-0,3 3 
0 0 

-0,3 3 
0 0 
0,3 3 

-0,2 2 
0,4 4 
0 0 

-0,5 5 
0,4 4 
0,3 3 

0,2 2 
0,2 2 
0,2 2 

-0,3 3 
-0,1 1 
-0,1 1 

-0,1 1 
0,1 1 
0,1 1 

AE E 

AE E 

AE E 

AE E 

AE E 

AE E 

AE E 

AE E 

AE E 

AE E 

AE E 

AE E 

0,4 4 

0,5 5 

0,1 1 

0,2 2 

0,5 5 

0,6 6 

0,4 4 

0,4 4 

0,7 7 

0,3 3 

0,3 3 

0.2 2 
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Tablee VI : Influence of the cement thickness. 

Samplee 1 

FC C 
Vw01 1 
E2301 1 

FC C 
Vy01 1 
E2301 1 

FC C 
Vb01 1 
E2301 1 

ZrO O 
Vw01 1 
E2301 1 

ZrO O 
Vy01 1 
E2301 1 

ZrO O 
Vb01 1 
E2301 1 
... .. 
Z100A3 3 
Vw01 1 
E2301 1 

Z100A3 3 
Vy01 1 
E2301 1 

Z100A3 3 
Vb01 1 
E2301 1 

Exp p 
Vw01 1 
E2301 1 

Exp p 
Vy01 1 
E2301 1 

Exp p 
Vb01 1 
E2301 1 

L L 
a a 
b b 

L L 
a a 
b b 

L L 
a a 
b b 

L L 
a a 
b b 

L L 
a a 
b b 

L L 
a a 
b b 

L L 
a a 
b b 

L L 
a a 
b b 

L L 
a a 
b b 

L L 
a a 
b b 

L L 
a a 
b b 

L L 
a a 

Valuee 1 

76,3 3 
5,1 1 
31,4 4 

76,8 8 
5,1 1 
31,6 6 

77,1 1 
5 5 
31,7 7 

78,2 2 
6,6 6 
34 4 

78,2 2 
7,1 1 
34,5 5 

77,9 9 
6,7 7 
34,3 3 

76,1 1 
5,7 7 
31,8 8 

76,5 5 
5,8 8 
32,4 4 

76.7 7 
5,6 6 
32 2 

76,4 4 
6,2 2 
32,8 8 

77,1 1 
6,5 5 
33,5 5 

76,8 8 
6,1 1 

bb 32,8 

Samplee 2 

FC C 
Vw02 2 
E2301 1 

FC C 
Vy02 2 
E2301 1 

FC C 
Vb02 2 
E2301 1 

ZrO O 
VW02 2 
E2301 1 

ZrO O 
Vy02 2 
E2301 1 

ZrO O 
Vb02 2 
E2301 1 

Z100A3 3 
Vw02 2 
E2301 1 

Z100A3 3 
Vy02 2 
E2301 1 

Z100A3 3 
Vb02 2 
E2301 1 

Exp p 
Vw02 2 
E2301 1 

Exp p 
Vy02 2 
E2301 1 

Exp p 
Vb02 2 
E2301 1 

L L 
a a 
b b 

L L 
a a 
b b 

L L 
a a 
b b 

L L 
a a 
b b 

L L 
a a 
b b 

L L 
a a 
b b 

L L 
a a 
b b 

L L 
a a 
b b 

L L 
a a 
b b 

L L 
a a 
b b 

L L 
a a 
b b 

L L 
a a 
b b 

Valuee 2 

77 7 
5,7 7 
32.3 3 

76,6 6 
5,6 6 
32,3 3 

77,1 1 
5,6 6 
32,3 3 

77,9 9 
6,4 4 
33.6 6 

77,9 9 
6,6 6 
33,7 7 

77,4 4 
6,7 7 
33,6 6 

76,4 4 
6,1 1 
32,7 7 

76,7 7 
6.1 1 
32,4 4 

76,9 9 
5,7 7 
32.4 4 

76.7 7 
6,3 3 
33,1 1 

76,5 5 
6,1 1 
32,9 9 

76,8 8 
6,2 2 
33 3 

I I 

AL* * 
Aa* * 
Ab* * 

AL* * 
Aa* * 
Ab* * 

AL* * 
Aa* * 
Ab* * 

AL* * 
Aa* * 
Ab* * 

AL* * 
Aa* * 
Ab* * 

AL* * 
Aa* * 
Ab* * 

AL* * 
Aa* * 
Ab* * 

AL* * 
Aa* * 
Ab* * 

AL* * 
Aa* * 
Ab* * 

AL* * 
Aa* * 
Ab* * 

AL* * 
Aa* * 
Ab* * 

AL* * 
Aa* * 
Ab* * 

-0,7 7 
-0.6 6 
-0,9 9 

0,2 2 
-0,5 5 
-0,7 7 

0 0 
-0.6 6 
-0.6 6 

0,3 3 
0,2 2 
0,4 4 

0,3 3 
0,5 5 
0.8 8 

0,5 5 
0 0 
0,7 7 

-0,3 3 
-0,4 4 
-0.9 9 

-0,2 2 
-0,3 3 
0 0 

-0,2 2 
-0,1 1 
-0.4 4 

-0,3 3 
-0,1 1 
-0,3 3 

0,6 6 
0,4 4 
0,6 6 

0 0 
-0,1 1 
-0,2 2 

AE E 

AE E 

AE E 

AE E 

AE E 

AE E 

AE E 

AE E 

AE E 

AE E 

AE E 

AE E 

1,3 3 

0,9 9 

0,8 8 

0,5 5 

1,0 0 

0,9 9 

1,0 0 

0,4 4 

0.5 5 

0.4 4 

0,9 9 

0,2 2 
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Chapte rr  7 Long-ter m prospectiv e stud y 

Preliminar yy repor t 

Thee aim of this clinical trial is to evaluate the effectiveness of a self-curing 

'one-bottle'' system (Excite, Vivadent) on bonding Vectris fiber posts under 

clinicall condition. 

Clinica ll  cases 

400 patients showed clinical need of endodontic treatment and a single 

indirectt restoration. The clinical and radiographic exams demonstrated the 

needd for root canal treatment. The patients were informed and their written 

consentt was obtained to be enrolled in this clinical study and to test a 'one-

bottle'systemm in combination of a Vectris fiber post. The root canal walls was 

enlargedd with a low-speed burs provided by the manufacture, the depth of 

thee post space preparation was 9-10 mm, the root canal walls were etched 

withh 37% phopshoric acid (Vivadent) for 15 seconds, washed with water 

sprayy and then gently air-dried. The water excess was removed using paper 

pointss from the post space. Subsequently, Excite self-curing (Vivadent) was 

appliedd in two consecutive coats with a brush tip, air-dried with air and then 

thee pulled primer left in the post space was removed using a paper point. 

Thenn MultiLink resin cement base and catalyst were mixed according with 

manufacturer'ss instructions. The diameter of the Vectris fiber post used was 

relatedd to the diameter of the canal. The cement was applied with a lentulo 

intoo the post surface and the post was inserted into the canal. The cement 

wass allowed to set, and crown build-up was performed with TetricCeram 

resinn composite. After that, the treated teeth were restored according with 

thee treatment plane of each patient, with an Empress 2 porcelain crown. 

Thee patients were recalled 6, 12 and months later for taking xRay of the 

endodonticallyy treated teeth and to evaluate clinically the patients. 
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Ass control group 40 other patients were selected and treated in the same 

mannerr above described using All Bond 2 and C & B resin cement (data 

alreadyy available). 

Thee restorations were placed between March 2000 until April 2000. 

Thee patients were recalled before the end of October 2000 in order to 

completee first recall data. 

Then,, they will be recalled after 12, 24 and 36 months. During the recalls, 

thee patients will come back to the office and it will attempt to answer those 

questionss of stability and longevity by assessing the restorations in regard to 

thee following: 

1.. Periapical lesions 

2.. Marginal leakage 

3.. Marginal integrity 

4.. Color stability 

5.. Surface staining 

6.. Retention: 

a.. due to fracture of the post; 

b.. due to fracture of the build-up material. 

7.. Surface crazing (Micro-cracks) 

Baseline Baseline 

400 endodontically treated teeth were restored with Excite DC, MultiLink and 

Vectriss posts. Only monoradicular roots were selected. At baseline, no 

periapicall lesions were evident. Tetric Ceram was used for building up the 

coree of the abutments following an incremental technique. 

Thee teeth were restored with Empress 2 crowns. 

Thee resin cement set in a variable period of 1.30-2 minutes, depending room 

temperaturee and working time (mixing time). In order to increase working 

time,, a cool glass plate was used. 
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Results Results 

Periapica ll  lesion s (n=40) 

Baseline e 
11 month recall 
66 month recall 
122 month recall 

A A 
40(100%) ) 
40(100%) ) 
399 (96%) 
399 (96%) 

B B 

11 (4%) 
11 (4%) 

C C 

AA = Absent 
BB = Present but without symptoms 
CC = Present to be retreated 

Retentio nn  (n=40) 

Baseline e 
11 month recall 
66 month recall 
122 month recall 

A A 
40(100%) ) 
40(100%) ) 
40(100%) ) 
400 (100%) 

B B C C 

AA = Present 
BB = Partial loss 
CC = Completely loss 

Margina ll  leakag e (n=40) 

Baseline e 
11 month recall 
66 month recall 
122 month recall 

A A 
40(100%) ) 
40(100%) ) 
40(100%) ) 
399 (96%) 

B B 

11 (4%) 

C C 

AA = excellent continuity at the restorative-tooth interface, no discoloration 
BB = Slight discoloration at the interface 
CC = Moderate discoloration at the restorative-tooth interface measuring 1 mm or greater or 
recurrentt decay at margins 
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Margina ll  Integrit y (n=40) 

Baseline e 
11 month recall 
66 month recall 
122 month recall 

A A 
40(100%) ) 
40(100%) ) 
40(100%) ) 
399 (96%) 

B B 

11 (4%) 

C C 

AA = Excellent continuity at the restorative-tooth interface, no ledge, no discoloration. 
BB = Slight ledge or ditch at the interface detectable with explorer 
CC = Visible marginal ditch or ledge or actual separation of interface between the restoration and 
tooth. . 

Colo rr  stabilit y (n=40) 

Baseline e 
11 month recall 
66 month recall 
122 month recall 

A A 
40(100%) ) 
40(100%) ) 
40(100%) ) 
40(100%) ) 

B B C C 

AA = No mismatch 
BB = Slight discoloration not requiring replacement 
CC = Discoloration requiring replacement 

Surfac ee stainin g (n=40) 

Baseline e 
11 month recall 
66 month recall 
122 month recall 

A A 
40(100%) ) 
40(100%) ) 
40(100%) ) 
399 (96%) 

B B 

11 (4%) 
AA = Absent 
BB = Present 

Surfac ee crazin g (Micro-cracks ) (n=40) 

Baseline e 
11 month recall 
66 month recall 
122 month recall 

40(100%) ) 
40(100%) ) 
40(100%) ) 
40(100%) ) 

B B 

AA = Absent 
BB = Slight crazing not requiring replacement 
CC = Crazing requiring replacement 
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Chapte rr  8 

Summar yy and conclusion s 

Inn Chapte r 1, as an introduction to the main topic of this study, two major 

aspectss of modern dentistry were presented. One is restoration with 

adhesivee materials, which affects almost all restorative treatments and the 

otherr one is employing resin-based composite materials as alternatives for 

metals.. These subjects are related as applicability of resin-based 

compositess strongly relies on the proper use of adhesives. In the special 

case,, where endodontically treated teeth have to be restored, fiber 

reinforcedd resin-based composite systems have recently been proposed as 

alternativess for metal posts. Besides the qualities of the materials, bonding is 

associatedd with technical problems, particularly in the narrow root canal. 

Afterr a short survey of the relevant essentials of composite materials, some 

considerationss were made about the concepts for restoring endodontically 

treatedd teeth. Particular attention was given to the evolution of the restoring-

conceptt from materials as strong and as stiff as possible to materials that 

sufficientlyy can resist mastication forces and distribute stress to the residual 

toothh structure, avoiding non-uniform stress concentrations, probably 

responsiblee of root fracture. 

Argumentss for replacing the cast post and core system by fiber posts for 

reconstructionn of endodontically treated teeth were discussed. Beside 

aspectss like less cost and time save, a comparable failure rate but at a 

definitee more favorable prognosis for the tooth was reported. Instead of root-

fracturefracture as a traditional form of failure, with fiber posts only debonding was 

reported.. An important part of the present study was dedicated to find 

materialss and techniques reduce of debonding. 

AA critical review of the evolution of various bonding procedures was 

presented.. Special attention was given to the use of "reduced number of 

steps"" systems that might affect the "manipulation factor" connected with 
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trickyy bonding procedures. With SEM investigations it was demonstrated that 

thee deep region last apical third of the root canal has to be considered as the 

mostt difficult area for proper bonding. Interest was given to self-curing 

bondingg systems as a solution to overcome the problem of non-appropriate 

curee in the apical third of light curing systems by lack of sufficient light 

transmissionn into this area. Moreover, the design and use of micro-brushes, 

thatt vehicle bonding solutions to narrow and deep regions, were discussed. 

Inn Chapter 2, treatment of endodontically treated teeth with fiber posts was 

comparedd with treatment with cast post and cores. A retrospective study was 

presentedd on 4 years of clinical experience with treatments with cast post 

andd core and a fiber post system {Composipost®) on endodontically treated 

teethh in 200 patients. The patients were divided in two groups of 100 each. 

Inn one group Composiposts® were luted into root canal preparations with a 

traditionall technique. The patients were recalled after 6 months, 1, 2 and 4 

yearss and clinical and radiographic examinations were completed. 

Endodonticc and prosthodontic results were recorded. These results were 

comparedd with those obtained from studying the clinical success of 

endodonticallyy treated teeth restored with cast post and core. For the group 

off teeth restored with Composiposts®, 95% showed clinical success; 3% of 

thesee samples were excluded for noncompliance and 2% showed 

endodonticc failure. In the group of the teeth restored with cast post and core, 

clinicall success was found for 84%. 2% of these samples were excluded for 

noncompliance,, 9% showed root fracture, 2% crown dislodgement and 3% 

endodonticc failure. Statistical evaluation showed significant differences 

betweenn the two groups (p<0.001). From the results of this retrospective 

studyy was concluded that, for a period of 4 yrs clinical service, the 

Composipost®® system was superior to the conventional cast post and core 

systemm and that Composiposts can be used routinely for restoring 

endodontically-treatedd teeth. Fiber posts might eliminate the risk of root 

fracture. . 
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Inn the second part of this chapter, clinical experience with three different fiber 

postt systems in combination with four bonding systems was presented. This 

time,, the performance of C-Posts®, /Esteti Posts® and /Esteteti Plus Posts® 

placedd into endodontically treated teeth, was followed for a period, ranging 

fromm 1-6 years of clinical service. 1,304 posts were included in the study: 

8400 Composiposts®, 215 /Estheti posts® and 249 /Estheti Plus posts®. The 

patientss were recalled every six months and clinical and radiographic 

examinationss were completed. Endodontic and prosthodontic results were 

recordedd and Actuarial Life Table statistical analysis and Mantel-Haenszel 

comparisonn of survival curve were performed at 95% level of confidence. 

Fromm this study it was learned that a 3.2% failure rate was due to two 

reasons:: 25 posts dislodged during removal of temporary restorations, and 

166 teeth showed peri-apical lesions at the radiographic examination. No 

statisticall significant differences were found among the four groups of 

bondingg systems. The results of this retrospective study indicated that fiber 

postss in combination with bonding materials can be routinely used and root 

fracturee could not be correlated to these types of posts. 

Inn Chapter 3, problems were considered associated with bonding, 

particularlyy when applied under clinical circumstances in the most difficultly 

accessiblee area of root canals. The objective of this study was to evaluate 

thee effectiveness of three 'one-bottle' and two 'three step' adhesive systems 

(ass controls) in formation of resin tags, adhesive lateral branches and resin 

dentinn inter-diffusion zone (RDIZ) when used to bond fiber posts under 

clinicall condition. This study was performed by standardized SEM 

observationss and scoring resin tag formation and density. Fifty 

endodonticallyy treated teeth were selected, already scheduled for extraction 

forr endodontic or periodontal reasons. The samples were randomly divided 

intoo five groups and of ten samples each and the following combination of 

adhesiveadhesive and cements were used to cement /Estheti-Plus posts® (white 

quartzz fiber posts): Group 1: All Bond 2 with C & B; Group 2: Scotchbond 

Multipurposee Pius® with Opal Luting Composite®; Group 3: Scotchbond 1® in 

140 0 



combinationn with Rely X ARC resin cement; Group 4: One-step with C & 

B®® resin cement; Group 5: All Bond® Experimental with Post Cement Hl-X®. 

AA week later, the root samples were extracted and processed for SEM 

observations.. The results of SEM observations showed for all adhesive 

systemss RDI2 and resin tag and adhesive lateral branch formation. 

Microscopicc examination of restored interfaces of the two groups cemented 

withh "Three-step" adhesive systems (Group 1 and 2) showed a higher % of 

RDIZZ than those found in samples cemented with "one-bottle" adhesive 

systemss (Groups 3, 4 and 5). The standardization of SEM observations at 

threee different levels (coronal, medium and apical third of post preparation) 

andd scoring resin tag formation allowed statistical evaluations. At the coronal 

side,, no statistically significant differences were found among the five 

groups,, while at middle and apical thirds two 'one-bottle' systems (Groups 3, 

4)) showed significantly less resin tags than the "three -step" and the 

experimentall "one-bottle" system (Group 5). No statistically significant 

differencess were found ?mong the three 'one-bottle' systems at the three 

evaluatedd areas. 

Forr all the samples, RDIZ morphology was well detectable and uniform in 

thee first two thirds of root canals while in the apical third the RDIZ was not 

uniformlyy present. Resin tag morphology and formation were significantly 

moree detectable at cervical and middle areas than at apical zones. As 

conclusionn of this study, the 'three steps' adhesive systems showed to be 

ablee to create a wider micro mechanical interlocking between adhesive 

materialss and etched dentin than 'one-bottle' systems, even if for all the 

sampless scarce RDIZ presence and consequently unsatisfactory micro 

mechanicall interlocking was detected at the apical third. 

Inn Chapter 4 the problem of obtaining a proper RDIZ formation and resin tag 

morphologyy at the apical third was taken into consideration. A series of 

preliminaryy observation suggested that the difficulty to carry the bonding 

solutionn at the apical third might be one of the reasons for the bonding failure 

att this area of post space. A series of carriers commercially available were 
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preliminaryy evaluated and two of them were selected for the study, which 

purposee was to evaluate the influence of this two carriers of one primer-

adhesiveadhesive solution in the formation of resin tags, adhesive lateral branches 

andd hybrid layer when used to bond translucent fiber posts. For this reason, 

twentyy endodontically treated teeth, extracted for periodontal reasons, were 

selectedd and the samples were randomly divided into two groups of ten 

sampless each. The combination of Scotchbond 1® as bonding system and 

Relyy X ARC® as luting cement was used in both groups, but in Group 1 the 

priming-adhesivee solution was carried with a very thin micro-brush while in 

Groupp 2 the solution was placed by the small plastic brush provided by the 

manufacturerr of the adhesive material. The priming-adhesive solution of the 

'one-bottle'' system was light-cured before placing the resin cement and the 

posts.. After luting procedures, root samples were processed for SEM 

observations.. Following the same pattern of the study described in Chapter 

3,, SEM observations were standardized at three different levels (coronal, 

mediumm and apical third of post preparation) and statistical evaluations were 

possiblee thanks to the scoring of resin tag formation. Microscopic 

examinationn of restored interfaces of Group 1 (micro-brushes) showed a 

higherr % (P<0.05) of RDIZ than those found in samples of Group 2. In 

Groupp 1 samples RDIZ morphology was well detectable and uniform in all 

thirdss of root canals, while in Group 2 RDIZ was not visible at the apical 

third.. At the coronal site, no statistically significant differences were found 

betweenn the two groups and at middle third, while the apical third of Group 1 

showedd significantly more resin tag formation than the Group 2. The 

characteristicc reverse cone shape of resin tags was always noted in the 

coronall and middle third of the root canals of both groups and at apical third 

off Group 1. In the apical third of Group 2 root canals, the resin tags showed 

aa less uniform morphology and a shorter length than those found in the other 

observedd thirds. 

Inn Chapte r 5 proper polymerization of the resin bonding, especially at the 

apicall third of the root canal preparation was examined. One of the problems 
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off obtaining a proper adhesion in that area was supposed to be difficult 

curingg of the resin. Curing is hindered in two ways: The first one is the 

distancee between the light source to the most apical portion of the post 

preparation,, as the post length is considered to be at least 0.9mm But 

clinicallyy the actual distance may be more, e.g. because of the presence of 

thee two adjacent teeth. The second aspect to be taken into consideration is 

thatt clinically, it is hard to distribute the bonding solution perfectly over the 

postt space. If polymerized it may form an obstacles for the insertion of the 

post.. For this reason a technique called "One shot polymerization" was 

proposed,, in which the translucent post itself may act as carrier for the light. 

Inn this way, curing is performed after the placing of the post. To evaluate the 

efficacyy of this technique, formation of resin tags, adhesive lateral branches 

andd resin dentin inter-diffusion zone (RDIZ) formation was determined. 

Inn Group 1: One Step® applied with the small brush provided by the 

manufacturerr and light-cured before Dual Link® resin cement application; 

Groupp 2: One Step® applied with a thin micro-brush and light-cured before 

Duall Link® resin cement application; Group 3: One Step® applied with a 

smalll brush (Not light-cured) + Dual Link® resin cement; Group 4: One Step® 

appliedd with a thin micro-brush (Not light cured) + Dual Link® resin cement 

andd light curing all resin materials once through the post ("one shot 

polymerizationn technique"); Group 5: All Bond 2® + C & B® resin cement 

(control).. A week later, the root samples were processed for SEM 

observations. . 

Thee SEM examination revealed that RDIZ was usually well detectable and 

uniformm in the first two thirds of root canals while in the apical third the RDIZ 

wass not uniformly present. Usage of micro-brushes brought about an 

increasedd percentage of RDIZ. The samples with the "one shot" showed 

presencee of resin globules along resin tags of apical area, possibly due to 

un-polymerizedd resin particles. For this reason, the "one shot polymerization 

technique"" was considered to be not completely satisfactory in these 

experimentall conditions. Like in the study described in Chapter 4, when 

micro-brushess were used, the bonding mechanism created between root 
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canall dentin and bonding system was uniform along canal walls and more 

predictable. . 

Inn the second and third part of this chapter, an innovative system for bonding 

postss was described. This system was based on the combination of micro-

brushess and a self-curing adhesive system. The catalyst particles were 

sprayedd on the top of the micro-brush fibers while a small cylinder that 

protectedd the tip of the micro-brush contained the base solution. The 

activationn was realized at the very moment of the bonding procedure, by 

simplyy pushing the micro-brush deeply inside the cylinder. In order to 

examinee the performance of this system, an in vitro test was carried out and 

describedd in the second part of this chapter, which aim was to evaluate the 

efficacyy of this new bonding/luting system in combination with experimental 

fiberr posts in resin tag, adhesive lateral branch and hybrid layer formation 

whenn used to cement fiber posts. In Group 1 Excite® light curing in 

combinationn with Variolink II resin cement was used; in Group 2 the above 

describedd Excite® dual-curing self-activated by an experimental micro-brush 

wass used in combination with MultiLink® resin cement; in Group 3 One Step® 

bondingg system in combination with Dual Link® resin cement was used. In 

Groupp 1 and 3 the priming-adhesive solution of the 'one-bottle' system was 

light-curedd before placing the resin cement and the post, whereas in Group 2 

thee adhesive/resin cement combination was not light cured. Experimental 

Vectris®® translucent posts were used for Group 1 and 2 and EndoAesthetic® 

translucentt fiber posts were used for Group 3. A week later, the root samples 

weree processed for SEM observations. The adhesive systems proved to be 

ablee to form a resin dentin inter-diffusion zone (RDIZ), resin tag and 

adhesivee lateral branch formation. Microscopic examination of the interfaces 

inn Group 2 revealed a higher RDIZ than in samples from Groups 1 and 3. In 

Groupp 1 and 3 samples, RDIZ morphology was only well detectable and 

uniformm in the first two thirds of root canal. In the same groups (Group 1 and 

3)) resin tag formation was significantly more conspicuous at cervical and 

middlee areas than at apical zones. At the coronal area, no statistically 

significantt differences were found among the groups, whereas at apical and 
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middlee thirds the samples from Group 2 showed significantly more resin tags 

thann the other two Groups. 

Inn the third part of this chapter the successful ness of application of this 

systemm (self-activating dual-cure adhesive system in combination with 

proprietaryy self-curing resin cement for bonding Vectris translucent fiber 

posts)) is reported for some clinical cases. 

Theree exists still discussion about the composition of fiber posts. Not all 

typess are white or translucent. In Chapte r 6 a study is given on the influence 

off the color of two commercially available non-metallic opaque posts 

(Carbonn fiber and Zirconium) and of an experimental esthetic post. To 

evaluatee the ability of different thickness of the ceramic as well as shade and 

thicknesss of the luting cements, sample discs at diverse thickness values 

weree made in ceramic (IPS-Empress®), an experimental fiber post material, 

aa Zirconium and a Carbon fiber post material, a resin composite material 

(Z100®)) as reference and a luting cement (Variolink II®) A laboratory 

proceduree was followed, in which the three possible combinations of stapling 

off the discs was employed. This was done for four different substrates, three 

cementt colors at two thickness values and three heights of ceramic discs. 

Fromm this study it could be concluded that the final esthetic result of the all-

ceramicc IPS-Empress® restoration is not affected by the presence of 

differentt substrates with different colors when the thickness is more than 2.0 

mm.. When the thickness of the ceramic decreases to 1.5 mm, it is advised to 

takee the substrate aspects into consideration. If the ceramic thickness gets 

beloww 1.0 mm, if the use of full ceramic crown was planned, color matching 

off the abutment is required to ensure an acceptable esthetic result. 

Differencess in cement thickness (0.1 or 0.2 mm) may slightly affect the final 

result.. As the operator only to a certain extent can control this parameter, it 

cannott be considered as a procedure to correct color. The availability of 

differentt cement shades allows only minor esthetic corrections, which might 

bee instrumentally detectable but are clinically not relevant. As final 

consideration,, in relationship with clinical aspects, it may be concluded that if 
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darkk colored opaque posts have to be masked by more or less translucent, 

enamel-likee all-ceramic restorations, the thickness of the ceramic layer is the 

dominantdominant factor. At a thickness of 2 mm full masking is achieved and Carbon 

Fiberr post may be used as well as more aesthetic post without influence on 

thee final color of the restoration. 

Thee various indications coming forth from the results of the studies 

performedd and described before were used in Chapte r 7, in which the 

Planningg for a perspective study is reported. The study is still under-go and 

att present time 12-month preliminary recall data are available. Purpose of 

thiss study was to evaluate the clinical performance of Vectris® translucent 

fiberr posts cemented with a self-activating dual-cure adhesive system in 

combinationn with proprietary self-curing resin cement following the 

proceduress studied in chapter 5. The patients will be recalled at 1, 6, 12, 24, 

366 months and clinical and radiographic examinations will be completed.' 

Endodonticc and prosthodontic results will be recorded. An extensive series 

off parameters will be examined among which the retention rate is of a 

particularr interest regarding the subject of this thesis. Preliminary results at 

122 months recall showed overall good results with a retention rate of 100%. 

Conclusion ss and Recommendation s 

Thee following conclusions and recommendations may be drawn from our 

laboratoryy and clinical retrospective studies on restoring endodontically 

treatedd teeth: 

1.. At a similar incidental failure rate, Carbon Fiber based systems only show 

repairablee debonding failures, whilst in the cast post and core treatments, 

thee malfunction might display terminal root fractures. 
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2.. At a similar success rate, "one-bottle" adhesive systems significantly 

simplifyy the adhesive procedures when compared to the multi-step bonding 

procedures. . 

3.. Debonding of fiber posts mainly has to be attributed to insufficient 

retentionn in the apical third of the post extent. 

4.. Reliable and predictable bonding is significantly enhanced by meticulous 

removall of the etching solution, which has to be done with a syringe and an 

endoo needle, as well as in washing and drying. 

5.. Applying micro-brushes as earners for the adhesive solution significantly 

enhancess reliable and predictable bonding for the entire length of post area. 

6.. Application of a dual cure system, both for adhesive resin and 

lutingg cement, promotes the polymerization at the apical third of the 

postt preparation. 

7.. The use of translucent posts as light carrier through the canal does not 

improvee the curing in the apical third of the post extent. 

P.. Only for full-ceramic esthetic restorations of less thickness than 2.0mm, 

Quartzz or Glass Fibers instead of Carbon Fibers are recommended. 
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Chapte rr  9 

Samenvattin gg en Conclusie s 

Inn Hoofdstu k 1, worden ter inleiding tot het onderwerp van dit onderzoek, 

tweee belangrijke aspecten van moderne tandheelkunde aangeroerd: één is 

hett restaureren met adhesieve materialen, wat tegenwoordig vrijwel alle 

restauratievee behandelingen beheerst en het tweedee behelst het aanwenden 

vann kunsthars-composieten als alternatief voor metalen 

restauratiematerialen.. Deze aspecten zijn nauw met elkaar verbonden: het 

success van composietrestauraties hangt sterk af van correct gebruik van 

adhesieven.. In het bijzondere geval, waarin endodontisch behandelde 

elementenn gerestaureerd moeten worden, zijn recent, fiberversterkte 

kunsthars-composietstiftenn geïntroduceerd als alternatief voor metalen 

wortell stiften. 

Naastt de beperkte kwaliteit van de materialen zelf, levert ook de adhesieve 

techniekk technische moeilijkheden op om, in het bijzonder in de nauwe 

wortell kanalen, geslaagde restauraties te verrichten. 

Naa een korte bespreking van de relevante eigenschappen van composieten 

wordtt een beschouwing geleverd over de diverse concepten van het 

restaurerenn van endodontisch behandelde elementen. Bijzondere aandacht 

wordtt besteed aan de ontwikkeling in de restauratieve tandheelkunde van 

eenn aanvankelijke voorkeur voor maximaal sterke en stijve materialen naar 

eenn toepassing van soepeler stoffen, die de belastingsspanningen 

gelijkmatigerr doorgeven aan het restelement ter voorkoming van 

wortelfracturen. . 

Voorkeurskeuzee voor het gebruik van fiber stiften (fiber posts) kwam voort 

uitt de waarneming dat, naast factoren als stoeltijd - en kostenbesparing, 
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eventuelee schade bij falende metalen stiften (wortel fractuur) veel 

destructieverr uitkomt dan bij falende fiber stiften (losraken). 

Omm het probleem van falende adhesie toe te lichten, wordt de 

ontwikkelingsgeschiedeniss van de tandheelkundige dentine - adhesief 

systemenn gegeven. Speciale aandacht werd besteed aan systemen, waarbij 

eenn aantal verschillende handelingen wordt bekort door samenvoeging van 

meerderee essentiële componenten in één enkele procedure ter 

vereenvoudigingg van de werkwijze. Met SEM onderzoek was aangetoond 

datt het zeer moeilijk is om in het diep gelegen laatste derde deel van het 

kanaall micromechanische hechting te verkrijgen. Zelf-polymeriserende 

adhesievenn werden toegepast omdat het moeilijk bleek om de 

lichtuithardendee varianten in de dieper gelegen gebieden afdoende te 

belichten.. Bovendien werden speciaal ontworpen micro borsteltjes 

aangewendd om de adhesief tot op de bodem van het kanaal te 

transporteren. . 

Inn Hoofdstu k 2, worden resultaten van behandeling met fiber posts 

vergelekenn met resultaten van behandeling met gegoten stift en opbouw. Er 

wordtt een retrospectieve studie gepresenteerd van 4 jaar klinische ervaring 

mett behandeling met gegoten stift en opbouw en behandeling met een fiber 

postt en composiet opbouw systeem (Composipost®) in endodontisch 

behandeldee elementen bij 200 patiënten. De patiënten werden verdeeld in 

tweee groepen van elk 100 individuen. In één groep werden Composiposts® 

inn kanaalpreparaties met een conventionele techniek geplaatst. De patiënten 

werdenn na 6 maanden, en na 1, 2 en 4 jaar opgeroepen voor klinische en 

radiografischee controle. Endodontisch en prothetische resultaten werden 

geregistreerd.. Deze resultaten werden vergeleken met die, welke verkregen 

warenn na behandeling met gegoten stift en opbouw. Bij de Composiposts® 

groepp werd een klinisch succes percentage van 95 gescoord; 3% werd 

uitgeslotenn wegens niet opdagen van de patiënt en 2% vertoonden 

endodontischh falen. In de gegoten stift- en opbouwgroep voldeed 84%; 2% 

werdd uitgesloten wegens niet opdagen van de patiënt, 9% vertoonde wortel 
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fractuurr en bij 2% was de kroon losgeraakt. Statistische bewerking van de 

resultatenn toonde een significant (p<0.001) verschil aan tussen de twee 

groepen.. Uit deze resultaten over een periode van 4 jaar werd 

geconcludeerdd dat het Composipost® systeem superieur is aan de gegoten 

stiftt en opbouw methode en werd besloten om het Composipost® systeem 

routinematigg toe te passen bij de behandeling van endodontisch behandelde 

elementen.. Vooral het uitblijven van wortelfracturen stond aan de basis van 

dezee beslissing. 

Inn het tweede deel van dit hoofdstuk werd de klinische ervaring 

gepresenteerdd met drie verschillende fiber post systemen in combinatie met 

vierr verschillende adhesiefsystemen; C-Posts®, /Esteti Posts® and /Esteteti 

Pluss Posts® werden voor een periode van 1 tot 6 jaar klinisch vervolgd. Er 

werdenn in dit onderzoek in totaal 1,304 posts geplaatst: 840 Composiposts®, 

2155 /Estheti posts® en 249 ^Estheti Plus posts®. De patiënten werden iedere 

66 maanden voor klinische en radiografische controle opgeroepen. 

Endodontischh en prothetische resultaten werden geregistreerd en een 

Actuariall Life Table statistische analyse en Mantel-Haenszel vergelijking van 

dee overievingscurve werd uitgevoerd bij een 95% betrouwbaarheidsniveau. 

Uitt dit onderzoek bleek dat de 3.2% mislukkingen konden worden 

toegeschrevenn aan twee redenen: 25 posts raakten los bij de verwijdering 

vann de tijdelijke restauratie en 16 elementen vertoonden een peri-apicale 

laesiee op de röntgenfoto. Tussen de resultaten met de vier verschillende 

adhesiefsystemenn kon geen significant verschil worden aangetoond. Uit de 

resultatenn van dit retrospectieve onderzoek werd afgeleid dat ongeacht het 

systeem,, fiber post in combinatie met een adhesief routinematig kan worden 

gebruiktt bij de behandeling van endodontisch behandelde elementen en dat 

hett toepassen van fiber posts praktisch niet tot wortelfracturen aanleiding 

geeft. . 

Inn Hoofdstu k 3 wordt aandacht besteed aan het hechtingprobleem in de 

diepstee regionen van het wortelkanaal. Het doel van deze studie was om de 

doelmatigheidd van drie verschillende 'one-bottle' en twee 'three-step' 
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adhesjesystemenn (als controle) te onderzoeken op tot standkomen van 

kunstharss uitlopers in de dentine kanalen (resin tags), in de laterale takken 

ervann (adhesive lateral branches) en het ontstaan van een kunsthars-

dentinee interdiffusie zone (RDIZ) bij het plaatsen van stiften onder klinische 

omstandigheden.. Als methode ter bepaling van de vorming en dichtheid van 

kunstharsuitloperss werden gestandaardiseerde SEM opnamen gehanteerd. 

Vijftigg endodontisch behandelde elementen, die om endodontische of 

parodontalee redenenen aan extractie toe waren, werden geselecteerd. De 

elementenn werden zonder voorkeur verdeeld in vijf groepen van tien. De 

volgendee adhesief- en cementcombinaties werden toegepast om /Estheti-

Pluss posts® (witte kwartsfiber posts) vast te zetten: Groep 1: All Bond 2 met 

CC & B; Groep 2: Scotchbond Multipurpose Plus® met Opal Luting 

Composite®;; Group 3: Scotchbond 1® in combinatie met Rely X ARC® 

kunstharss cement; Groep 4: One-step® met C & B® kunsthars cement; 

Groepp 5: All Bond® Experimental met Post Cement Hl-X®. Na een week 

werdenn de wortels geëxtraheerd en bewerkt voor SEM studie. Alle 

onderzochtee adhesieve systemen leverden kunsthars uitlopers en een RDI2 

op. . 

Microscopischh onderzoek aan de raakvlakken bij gebruikmaking van de 

tweee "three-step" adhesief systemen (Groep 1 en 2) toonde een hoger 

percentagee aan RDIZ dan bij de "one-bottle" adhesiefsystemen (Groepen 3, 

44 and 5). Dankzij de standaardisering van de SEM waarnemingen op drie 

verschillendee plaatsen (coronaal, mediaal en apicaal derde van de 

stiftpreparatie)) en digitalisering van tag-vorming, kon een statistische 

analysee worden uitgevoerd. Aan de coronale kant kon geen statistisch 

significantt verschil tussen de vijf groepen worden waargenomen. In het 

medialee gebied vertoonden de twee 'one-bottle' systemen (Groepen 3, 4) 

significantt minder kunsthars uitlopers dan de "three-step" producten en het 

experimentelee "one-bottle" systeem (Groep 5). Er kon geen statisch 

significantt onderscheid worden aangetoond tussen de doelmatigheid van de 

driee 'one-bottle' systemen voor al de drie zones in het kanaal. 
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Inn tegenstelling tot het apicale derde van de kanaalpreparatie, bleken tag-

vormingg en RDIZ uniform en goed waarneembaar bij de het coronale en 

medialee deel. Uit dit onderzoek werd geconcludeerd dat de effectiviteit in 

micromechanischee verankering bij 'three steps' adhesiefsystemen superieur 

iss aan 'one-bottle' systemen met inachtneming dat de effectiviteit van alle 

systemenn in het apicale deel van de kanaalpreparatie te wensen over laat. 

Inn Hoofdstu k 4 wordt het probleem van onvoldoende kunstharsuitlopers en 

RDIZ-formatiee in het diepste derde deel van het kanaal behandelt. Uit 

voorafgaandd onderzoek werd afgeleid dat één van de problemen bestond uit 

hett daadwerkelijk ter plekke aanbrengen van de adhesief. Uit diverse 

commercieell verkrijgbare applicatiesystemen werden twee geselecteerd 

voorr verder onderzoek. Het criterium voor succes was de vorming van tags, 

lateralee zijtakken en een hybride laag. Twintig endodontisch behandelde 

elementen,, die om parodontale redenenen aan extractie toe waren werden 

geselecteerd.. De elementen werden zonder voorkeur verdeeld in twee 

groepenn van tien. De combinatie Scotchbond 1® als adhesiefsysteem en 

Relyy X ARC® als cement werd voor beide groepen gebruikt. Echter werd in 

Groepp 1 de priming-adhesiefoplossing met een erg dun microborsteltje 

(micro-brush)) aangebracht, terwijl dat bij Groep 2 met een klein plastic 

borsteltjee geschiedde dat door de fabrikant was meegeleverd. De priming-

adhesiefoplossingg van het 'one-bottle' systeem werd met licht tot 

polymerisatiee gebracht voordat het cement en de stift werden aangebracht. 

Naa de cementeerprocedure werden de monsters voorbereid voor SEM 

onderzoek.. Net als bij het onderzoek zoals beschreven in hoofdstuk 3, 

werdenn de SEM waarnemingen gestandaardiseerd verricht (coronaal, 

mediaall en apicaal derde van de stiftpreparatie) en na digitalisering van tag-

vorming,, kon een statistische analyse worden uitgevoerd. Microscopisch 

onderzoekk van de behandelde interactievlakken toonde bij Groep 1 

(microborstels)) een significant hoger percentage (P<0.05) RDIZ aan dan bij 

Groepp 2. In alle drie zones van het kanaal bij Groep 1 was een duidelijk 

waarneembaree en uniforme tag- vorming en een RDIZ morfologie aanwezig, 
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terwijll in Groep 2 de RDIZ niet werd aangetroffen in het apicale deel van het 

kanaal.. De karakteristieke omgekeerde conusvorm van de kunsthars 

uitloperss kwam in alle onderzochte zones voor, behalve in de apicale zone 

vann Groep 2, waar ze minder uniform en in kortere lengten voorkwamen. 

Inn Hoofdstu k 5 wordt het probleem van onvoldoende polymerisatie in het 

diepstee derde deel van het geprepareerde kanaal besproken. Uit 

voorafgaandd onderzoek was afgeleid dat één van de problemen om goede 

hechtingg te verkrijgen bestond uit het goed uitpolymeriseren van de 

adhesief.. Polymerisatie wordt op twee wijzen gehinderd. Ten eerste betreft 

hett de grote afstand van de lichttip tot het diepste derde deel van het 

geprepareerdee kanaal. De stiftlengte is minstens 0.9mm en door de 

buurelementenn zal onder klinische omstandigheden de afstand alleen nog 

maarr groter worden. Ten tweede bleek het onder klinische omstandigheden 

moeilijkk om de adhesief gelijkmatig over de stiftruimte aan te brengen en te 

verdelen.. Na polymerisatie was het moeilijk om ds stift op zijn plaats te 

krijgen.. Om deze problemen uit de weg te gaan, werd de z.g. "One shot 

polymerization"" voorgesteld. Hierbij functioneert de doorschijnende stift zelf 

alss lichtgeleider, waardoor de polymerisatie kan worden uitgesteld tot na het 

plaatsenn van de stift. Om de doelmatigheid van deze techniek te toetsen, 

werdd wederom onderzocht in hoeverre vorming van tags, laterale zijtakken 

enn een hybride laag tot stand kwam. Vijftig endodontisch behandelde 

elementen,, die om parodontale redenenen aan extractie toe waren werden 

geselecteerd.. De elementen werden zonder voorkeur verdeeld in vijf 

groepenn van tien. De cementeerbehandelingen waren als volgt: Groep 1: 

Onee Step® met een door de fabrikant bijgeleverd borsteltje aangebracht en 

tott polymerisatie gebracht voordat Dual Link® kunsthars cement werd 

aangebracht;; Groep 2: One Step® met een microborsteltje aangebracht en 

tott polymerisatie gebracht voordat Dual Link® kunsthars cement werd 

aangebracht;; Groep 3: One Step® met een klein borsteltje aangebracht en 

pass tot polymerisatie gebracht nadat Dual Link® kunsthars cement was 

aangebracht;; Groep 4: One Step® met een klein borsteltje aangebracht en 
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pass tot polymerisatie gebracht nadat Dual Link kunsthars cement en de stift 

warenn aangebracht ("one shot polymerization technique"); Groep 5: Ali Bond 

2®® + C & B® kunsthars cement (controle). Na een week werden de 

elementenn behandeld voor SEM analyse. Uit het microscopisch onderzoek 

bleekk dat de RDIZ doorgaans wel zichtbaar was en uniform verdeeld 

aanwezigg in de buitenste twee kanaalzones, maar niet in de apicaal gelegen 

derdee zone. Het gebruik van microborsteltjes leverde verbetering op. De 

"onee shot" behandelde monsters vertoonden in de apicale zone kunsthars 

bolletjess langs de kunsthars uitlopers, wellicht als gevolg van ontoereikende 

polymerisatie.. Hierom werd ook de "one shot" polymerisatietechniek 

verworpenn als goede methode. Indien tevens de microborsteltjes werden 

aangewendd om het adhesiemateriaal op zijn plaats te krijgen ontstond wel 

eenn uniform beeld aan tags en RDIZ langs alle drie zones van de 

kanaalwand. . 

Inn de tweede en derde paragraaf van dit hoofd werd een nieuwe methode 

voorr het vastzetten van wortelstiften onderzocht. Dit systeem berustte op 

eenn combinatie van microborsteltje en zelf-polymeriserende adhesieven. De 

katalysatorr werd op de punt van de microborstel gesprayd terwijl een dunne, 

langsomm de borstel gelegen beschermschacht de basisoplossing bevatte. 

Alduss werd de activering pas bewerkstelligd op het moment van bonding, 

doorr simpelweg het borsteltje diep in de cilinder te persen. De effectiviteit 

vann dit systeem in combinatie met transparante fiberstiften werd in vitro 

getest,, wederom aan de hand van het SEM beeld van kunsthars tags, 

lateralee vertakkingen en hybride laag vorming voor verschillende adhesief 

producten.. !n Groep 1 werd Excite® light curing in combinatie met Variolink II 

kunstharss cement gebruikt. In Groep 2 werd Excite® dual-curing geactiveerd 

mett behulp van de experimentele microborstel in combinatie met MultiLink® 

kunstharss cement. In Groep 3 werd One Step® bonding systeem in 

combinatiee met Dual Link® kunsthars cement gebruikt. In Groep 1 en 3 werd 

dee priming-adhesief-oplossing van het 'one-bottle' systeem met licht 

geïnitieerdd alvorens het kunsthars cement werd aangebracht en de stift werd 

geplaatst.. In Groep 2 werd de adhesief/kunsthars cementcombinatie niet 
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belicht.. Experimentele doorschijnende Vectris stiften werden voor Groep 1 

andd 2 gebruikt en doorschijnende EndoAesthetic® fiberstiften werden voor 

Groepp 3 gebruikt. Na een week werden de monsters voor SEM onderzoek 

klaargemaakt.. Het adhesiesysteem bleek in staat om een RDIZ, kunsthars 

uitloperss en dwarsvertakkingen te kunnen maken. In Groep 2 kon een 

dichteree RDIZ worden aangetoond dan in Groepen 1 en 3. In de monsters 

vann Groep 1 en 3 was slechts in het buitenste tweederde van het kanaal een 

uniformee morfologie van de RDIZ en een uitgesproken tag vorming 

waarneembaar.. Voor zover het de coronale zone betrof, kon er geen 

significantt verschil in morfologie worden aangetoond tussen de drie 

groepen.. Voor de overige zones in het kanaal was het RDIZ- en het 

kunstharss uitlopersbeeld statistisch significant beter in Groep 2 dan in Groep 

11 en 3. 

Tenn slotte werden enige succesvolle klinische cases getoond bij 

gebruikmakingg van dit laatste systeem (zelfactiverend dual-cure 

add hes iefsystem en in combinatie met bijbehorend zelf-polymeriserend 

kunstharscementt voor het vastzetten van Vectris® doorschijnende fiber 

stiften). . 

Inn Hoofdstu k 6 wordt aandacht besteed aan esthetische aspecten van het 

werkenn met fiber stiften. Men is er nog steeds niet uit of de oorspronkelijk 

voorgesteldee fibers van koolstof in mechanisch opzicht door glas kunnen 

wordenn vervangen. Werkt men wel met opake fibers (Carbon fiber® of 

Zirconium®)) dan wordt het maskeren een additioneel probleem. Aan de hand 

vann het kunsthars composietmateriaal (Z100®) als referentie, werd bij 

diversee diktewaarden porselein (IPS-Empress®) en cement (Variolink II®) 

vann diverse tinten onderzocht in hoeverre Zirconium® and a Carbon fiber 

pos®tt materiaal kon worden gemaskeerd. Het bleek dat ongeacht de 

onderliggendee materialen, bij geheel keramische IPS-Empress® lagen van 

minimall 2.0mm dikte, geen nadelig esthetisch effect was waar te nemen. Bij 

porseleinn diktes van 1.5 mm was de esthetiek nog te corrigeren met de kleur 

vann het cement, maar bij nog dunnere lagen porselein moet de kleur van de 
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stompp worden aangepast Hoewel de clinicus de cementdikte wel is waar 

niett in de hand heeft, werd gemeten dat een cementdikte van 0.2mm in 

plaatss van 0.1 mm duidelijk beter resultaat geeft op het eindresultaat. Het 

corrigerenn van het eindresultaat met variatie in cementkleur was wel in het 

laboratoriumm meetbaar, maar werd niet van klinisch belang geacht. De dikte 

vann de, min of meer doorschijnende, glazuur imiterende, geheel keramische 

restauratiee bleek de dominante factor bij het maskeren van donker 

gekleurdee stiften. Is dat klinisch niet haalbaar, dan verdienen doorschijnende 

glasfiberr stiften de voorkeur. 

Inn Hoofdstu k 7 werd aan de hand van voorafgaande ervaringen een 

klinischee lange termijn studie gestart aan Vectris® doorschijnende fiber 

stiftenn die gecementeerd werden met zelfactiverende dual-cure 

adhesiefsystemenn in combinatie met bijpassende zelf-polymeriserend 

kunstharscementenn zoals beschreven in hoofdstuk 5. De patiënten zullen 

voorr röntgen, endodontisch en prothetisch vervolgonderzoek worden 

opgeroepenn na 1, 6, 12, 24 en 36 maanden. Op het moment van verschijnen 

vann dit proefschrift waren ervaringen na 12 maanden beschikbaar, waaruit 

bleekk dat de retentie 100% was. 

Conclusie ss en Aanbevelinge n 

Dee volgende conclusies en aanbevelingen kunnen uit ons laboratorium en 

klinischh onderzoek aan het restaureren van endodontisch behandelde 

elementenn worden getrokken: 

1.. Bij gelijkblijvende, incidenteel, voorkomende mislukkingen komt bij het 

Carbonn Fiber systeem slechts herstelbaar losraken voor, terwijl bij de 

gegotenn stift en opbouw, onherstelbare wortelfracturen optreden. 

2.. Bij even goede resultaten, is het werken met een "one-bottle" adhesief 

systeemm significant eenvoudiger dan met "multi-step" bonding procedures. 
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3.. Het losraken van fiberstiften moet voornamelijk worden toegeschreven 

aann onvoldoende hechting in het apicale derde deel van de stiftruimte. 

4.. Betrouwbare en voorspelbare hechting wordt significant verbeterd indien 

dee etsvloeistof uiterst zorgvuldig wordt verwijderd, bijvoorbeeld met een 

spuitjee en een endo-naald, gevolgd door waterspoelen en drogen. 

5.. Betrouwbare en voorspelbare hechting over de gehele lengte van de stift 

wordtt significant verbeterd bij gebruikmaking van microborsteltjes als 

transportinstrumentt voor de adhesief vloeistof. 

6.. Toepassing van een "dual cure" systeem, voor zowel de adhesief 

kunstharss als het cement, bevordert de polymerisatie in het apicale 

derdee deel van de stiftpreparatie. 

7.. Gebruik van een doorschijnende stift als lichtgeleider binnen het kanaal 

draagtt niet bij aan de polymerisatie in het apicale derde deel van de 

stiftpreparatie. . 

8.. Alleen indien de geheel keramische esthetische kroon dunner is dan 

2.0mm,, is het aan te bevelen om kwarts- of glasfibers in plaats van 

koolstoffiberss te gebruiken. 
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