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Abstract  

Tooth-cavity preparation contributes to a large extent to the quality of the direct posterior 

composite restoration, the so-called hidden quality of the restoration. Indeed, the effect of a poor 

cavity design is not immediately visible after placement of the restoration. To correctly prepare a 

cavity for a posterior composite restoration, the tooth to be restored should first be profoundly 

biomechanically analyzed. Here, the forces that work in on the tooth during occlusion and 

articulation, and the amount and quality of the remaining tooth structure determine the cavity form. 

In addition, the dental tissues must be prepared in order to receive the best possible bond of the 

adhesive and subsequent restorative composite. A well-finished cavity preparation enables the 

restorative composite to adapt well, providing a good marginal seal to the direct benefit of the 

clinical lifetime of the posterior composite restoration. Finally, it is highly recommendable to isolate 

the teeth with rubberdam before starting with the cavity preparation, as this increases the visibility 

of the workfield and allows the operator to work in a more precise way.  

 

Introduction  

Nowadays composite is the first-choice direct restorative material for class-1 and class-2 restorations 

in the posterior region (46). A growing body of evidence has demonstrated that the clinical survival 

of posterior resin-based composite restorations exceeds 90% after five years and 80% after 10 years 

(1,5,15,44,60,61). The main reasons for failure are marginal gap formation, secondary caries and 

fracture of the restoration (39,61). The success of a posterior composite restoration is not only 

material-dependent, it is also linked to patient-related factors, such as bruxism, caries risk and socio-

economic status, to tooth-related factors, such as the amount and quality of the residual tooth 

structure, and finally also to operator-related factors (8,14,15,43,44,61,86,87). Placement of a direct 

composite restoration in the posterior region is a technique-sensitive procedure. The operator must 

select the proper materials and conduct the treatment protocol correctly. To date, several aspects of 

direct posterior composite restorations (composite selection, layering protocol, cavity preparation, 



 

 

adhesive protocol, and others) have abundantly been studied in vitro and in vivo. However, the 

complete A-to-Z clinical protocol for placement of a direct posterior composite restoration has rarely 

been described in detail. It is the aim of the authors to present in three articles an effective protocol 

to place daily high-quality direct posterior composite restorations. 

In an organized dental practice, the average time scheduled for placement of a class-1/2 direct 

composite restoration, from simple to complex - by an experienced operator- varies between 20 to 

60 min. In this time span, the dentist must be able to perform a high-quality posterior composite 

restoration following a standardized and effective protocol (Fig. 1). The protocol consists of 7 steps: 

1. Biomechanical analysis; 2. Field isolation; 3. Cavity preparation; 4. Selection and placement of the 

matrix system in case of a class-2 restoration; 5. Adhesive protocol; 6. Layering of composite; 7. 

Finishing and polishing (Fig. 2). For the dental practitioner, restoring a moderately destructed 

posterior tooth with wide open boxes and cusp reduction with a high-quality direct composite 

restoration is demanding, especially from a practical point of view. Critical aspects concern obtaining 

good marginal adaptation, correct occlusal anatomy, well-contoured proximal walls with strong and 

well-positioned contact points, and correct buccal/lingual and proximal emergence profiles (Fig. 3). 

Although these extensive direct composite restorations, when correctly placed, perform well in non-

bruxing patients in the medium term (17,41,69), the most optimal and durable restoration for a 

moderately destructed posterior tooth is a bonded indirect ceramic onlay/partial crown (65) (Fig. 4).  

As part of a series of three papers, the present article addresses the biomechanical analysis, isolation 

and cavity preparation for class-1, class-2 and cusp coverage preparations. The second article will 

describe the adhesive protocol, composite layering, finishing and polishing of the posterior 

composite restoration. Finally, the last article will focus on the tips and tricks to create an adequate 

interdental anatomy when placing a class-2 composite restoration, including selection of the most 

suited matrix band.  

 

Biomechanical analysis 



 

 

Dental tissues respond biologically to stress and strain imposed during mastication (92). Teeth 

compromised due to carious lesions or restorations tend to weaken the tooth structure. Stress in 

teeth associated with these conditions may lead to cusp fracture. It is essential to prevent fractures 

by starting from a clear concept with a sound tooth-preparation design and by anticipating the stress 

of mastication that may be imposed on the remaining tooth structure. For these reasons, the 

restorative procedure of a bonded direct (indirect) restoration in the posterior region should always 

start with a profound biomechanical analysis of the tooth. This includes estimation of the forces and 

loading on the tooth during occlusion and articulation, as well as analysis of the amount and quality 

of the remaining tooth structure (Fig. 5).  

 

1. Evaluation of the forces that affect the tooth during occlusion and articulation  

The chewing forces and occlusal loading imposed on a tooth are determined by the anatomic 

position of the tooth (52). The more the tooth is located towards the posterior region (from first 

premolar towards second molar), the more heavily the occlusal loading, resulting in an increased risk 

of fracture (43,61). The presence of cracks and wear facets indicate heavy occlusal loading. In a 

physiologic condition, the maximum bite force on a first molar varies between 450 and 800 N 

(bilateral measurement) (9,52,88,89). In patients with parafunction (bruxism), this value can increase 

up to six times (32,40).  

Occlusion and articulation on the tooth that needs to be restored should be registered in advance 

with articulation paper, this in order to analyze the strength and location of the occlusal contacts at 

the future restoration margins and on the remaining cusps. Attention must be paid if the antagonist 

is erupted and/or if the adjacent tooth is tilted, as this will determine the final occlusal morphology 

of the direct composite restoration. Taking this into account during layering of the composite 

restoration, the finishing time will be reduced.  

 



 

 

2. Evaluation of the amount and quality of the remaining tooth structure and resistance to 

masticatory loads 

During cyclic and dynamic occlusal loading, the occlusal forces continuously act on the restored 

tooth. The remaining amount and quality of tooth structure will determine the fracture resistance of 

the (restored) tooth. Several in-vitro studies evaluated the influence of cavity type, isthmus width 

and cavity depth on the fracture resistance of the prepared/restored tooth 

(7,22,23,24,25,33,49,50,55,56,63,66). The amount of reduction in fracture resistance of the different 

cavity designs varies among these in-vitro studies and can be explained by differences in study design 

(premolars/molars, variations in size and depth of the cavity preparation, test method). 

Nevertheless, similar general trends were recorded (Figs. 6a,b). 

Isthmus width: A significant decrease in fracture resistance was recorded when the isthmus width 

increases from 1/4 to 1/3 or to 1/2 from the intercuspal distance in class-1 and class-2 cavities (MO, 

DO, MOD) (13,42,55,57,66,79).  

Marginal ridge and other reinforcing structures: Several in-vitro studies emphasize that conserving 

the marginal ridge is a fundamental factor in limiting abnormal cuspal deflection and breakdown 

(23,49,55,56,63,66) (Fig. 6b). The fracture resistance of teeth with cavities gradually decreases for 

teeth with only an occlusal class-1 cavity, to teeth undermined by a two-surface class-2 cavity, and 

finally to teeth exhibiting a three-surface MOD cavity preparation having the lowest fracture 

resistance. After restoration of a normal-size MOD cavity with a direct composite restoration, several 

forces work in on the adhesive interface. On the one hand, the cusps will move slightly outwards 

during occlusal loading. Depending on the size of the cavity and the study design, this movement 

varies from 7 to 30 µm (48,49,23,25). On the other hand, there is an inwards movement of the cusps 

due to polymerization shrinkage, varying from 5 to 40 µm (24,25,38,81). Determining parameters are 

type of composite, premolar vs. molar, shape, size and depth of the cavity, intensity of the 

polymerization light-curing unit, adhesive and composite placement technique (18). A high-quality 

bond between the tooth and the composite restoration must be able to resist all these sorts of stress 



 

 

at the interface. If the adhesion is not optimal, de-bonding will occur and the cavity walls will flex 

during occlusal loading. This can result in partial/total loss of adhesion, gap formation and finally 

fracture of the cusps (Fig. 6c). 

In addition to the marginal ridge, the oblique crest on an upper molar and the transversal crest 

(premolars, molars) are also reinforcing structures for the tooth (47,53). If they are not strongly 

undermined by caries, these structures must be maintained in class-1 and class-2 cavities (Fig. 7). 

Cavity depth and width: The cavity width and depth largely determine the fracture resistance of the 

tooth (7,19,22,23) (Fig. 8). In an in-vitro study of Forster et al. (19), the depth of MOD cavities in 

molars determined the fracture resistance much more than the cavity width did. When the cavity 

depth was 5 mm or more and the teeth were restored with a direct composite restoration, the 

fracture resistance of the molars could no longer be restored up to the physiological fracture 

strength. These results rather suggest that a cavity of 5 mm depth is already in the “danger zone” in 

case it will be restored directly with composite without cusp coverage.  

Similarly, several in-vitro studies showed that large MOD cavities resulted in a decrease in fracture 

resistance by 59% to 76%, as compared to that of intact teeth (13,66,75,79) (Fig. 9a).  

Endodontic treatment: Reeh et al. (66) observed that premolars with a small endodontic access and 

preservation of the interaxial dentin, showed a reduction in cuspal stiffness of only 5%. In 

combination with a medium-size class-1 cavity, a reduction of 25% was observed (Fig. 6a). Several in-

vitro studies recorded a strong reduction in fracture resistance/cuspal stiffness in endodontically 

treated PM/M with a MOD cavity (19,20,23,63,76). The loss of both marginal ridges in combination 

with removal of the para-pulpal dentin resulted in severe weakening of teeth (Fig. 9a). Increased 

cuspal deflection may intensify the shear forces at the adhesive interface, resulting in debonding of 

the adhesive from the cavity wall, which may result in higher occurrence of fractures and secondary 

caries (Fig. 9b).  

A similar observation was made in a long-term (6-13 yrs) in-vivo study evaluating class-2 direct 

composite restorations in the premolar/molar (PM/M) region (44). The experimental group of 



 

 

restored endodontically treated PM/Ms showed an increased failure rate compared to restored vital 

PM/Ms. The failures observed in the group of non-vital teeth were cusp and vertical root fractures. 

These failures were never recorded in the group of vital teeth. Endodontically treated PM/Ms also 

showed a higher frequency of secondary caries, compared to the restored vital PM/Ms, although the 

caries risk in this patient population was low. Among the evaluated risk factors, occlusal stress 

negatively affected the survival of direct composite restorations in endodontically treated teeth. The 

latter in-vivo study confirms that a profound biomechanical tooth analysis is required to guide the 

cavity design towards a durable tooth restoration. Cavity preparations that strongly weaken the 

tooth, such as deep and wide (occlusal and MOD) cavities including endodontically treated teeth, 

should be restored by covering the cusps and subsequent placement of an adhesively luted onlay or 

partial crown (19,20,23,63,67,76). 

 

Isolation 

After adequate anesthesia, the working field should be isolated. Rubberdam isolation is an absolute 

requirement for controlled adhesive procedures during placement of a direct posterior composite 

restoration. The benefits of rubberdam isolation include moisture control, prevention of bacteria and 

saliva contamination, increased visibility and access to the working field. Moreover, it improves 

tongue and lip control, reduces airborne debris, prevents gagging, prevents aspiration of restorative 

materials and instruments, reduces procedural operating time and improves treatment quality and 

patient comfort (6,83). It is difficult to scientifically prove the impact of rubberdam application on the 

final outcome of treatment. In a meta-analysis, evaluating the clinical effectiveness of direct class-2 

composite restorations, placement of rubberdam had a significant effect on the overall restoration 

longevity (30). Restorations placed with rubberdam showed fewer material factures during clinical 

follow-up, and fewer restorations needed replacement. A Cochrane review by Wang et al. (90) 

reported that there is some evidence to suggest that the use of rubberdam may increase the survival 

time of dental restorations compared to the use of cotton rolls as an isolation method. However; the 



 

 

evidence presented was of very low quality due to the small number of available studies, uncertain 

results and problems with the way in which the available studies were conducted.  

To be effective, it is important that the rubberdam is correctly placed and results in absolute 

isolation. A clear and simple protocol must be followed (6). It is beyond the scope of this article to 

describe isolation with rubberdam in detail. Only some fundamental tips are given (Fig. 10): 1. Before 

placing the rubberdam, the dentist must check the accessibility of the proximal contact points, so 

that the rubberdam easily passes throughout the interproximal areas. 2. It is useful to isolate many 

teeth in the quadrant where the tooth/teeth need to be restored, as this provides the operator with 

reference points during layering of the composite restoration regarding anatomy and occlusal plane. 

In addition, quadrant isolation increases the visibility of and access to the operation field. 3. If 

possible, an anchor clamp (e.g. 26N, 27N or W8A; Hu-Friedy; Frankfurt am Main, Germany) is placed 

on the tooth distal to the one that requires the restoration. It is preferred to isolate minimum two 

teeth mesially of the tooth to be restored. 4. To reach good sealing of the rubberdam near the 

gingiva, the rubberdam must be inverted. Floss ligatures are used, only when necessary (when 

restoring class-2 lesions with subgingival margins), as floss absorbs a lot of moisture. 5. Finally, teflon 

tape and a retraction cord can help in complex isolation cases (deep boxes, subgingival margins) 

(6,70) (Fig. 10b). With practice it becomes possible to successfully isolate deep subgingival margins. 

 

Cavity preparation and design 

Cavity preparation and design is an important step in the clinical protocol as it determines the quality 

of the direct posterior composite restoration to a great extent. Nowadays, quality is a key concept in 

restorative dentistry. In this respect, both ‘hidden’ and ‘perceived’ quality should be taken into 

account. Whereas the final esthetic result is ‘perceived quality’, cavity preparation and design largely 

determine the ‘hidden quality’ of the restoration. The effect of a suboptimal cavity design will 

become visible after some months or years of clinical functioning.  



 

 

Detailed guidelines of cavity preparations for direct posterior composite restorations are scarce in 

the literature. Some review articles merely emphasize the minimally invasive aspect of cavity 

preparation: only caries needs to be removed with all remaining tooth structure kept for bonding 

(29,46,68). However, the biomechanical aspect of the tooth to be restored, as described above, was 

not taken into account in these reviews.  

A proper protocol of the cavity preparation and design consists out of 4 steps (Fig. 11).  

 

1. Make access to the caries lesion 

After rubberdam isolation, access to the caries lesion is obtained with a diamond bur (Figs. 11d,e). If 

there is caries underneath an existing restoration, the restoration is removed with a diamond bur 

(composite) or a multiblade tungsten carbide bur (amalgam). Next, the cavity walls and the floor of 

the cavity (removal of existing liner) are cleaned with a round multiblade tungsten carbide bur at a 

low speed (7000 rpm) to expose the carious lesion (Fig. 12).  

 

2. Removal of carious dentin 

Carious dentin presents in two forms: infected and affected dentin. Caries-infected dentin consists of 

a superficial necrotic zone of vastly demineralized substrate (2,58,59), with degenerated collagen 

fibrils that have lost their cross-linking. It may also be considered as a bacterial biomass (3). The 

consistency of this dentin is soft or leathery. Conversely, caries-affected dentin has a certain 

hardness and is considered to be a variation of reactionary dentin, formed in reaction to bland 

stimuli like caries; it presents small alterations in cross-linking of its collagen fibrils (2,58,59). 

Additionally, it contrasts with sound dentin by mineralized precipitates within the tubules (54). 

Investigations disclosed that caries-affected dentin may be remineralised (82,93).  

Today’s adhesives bond effectively to sound dentin through hybridization. Nevertheless, this bonding 

mechanism remains vulnerable in the long term. Incomplete resin envelopment exposes collagen to 

oral fluid attack and enzymatic degradation processes that may eventually lead to caries recurrence 



 

 

(85). Bonding to caries-affected dentin is less predictable and durable, not only because of wider 

zones of unprotected collagen (26), but also because more cracks and pores are present (34). The 

bond strength to caries-infected dentin is even significantly lower than that to caries-affected dentin 

(10,94). A systematic review evaluating bonding effectiveness to caries-affected dentin showed that 

a clean and sound dental substrate is an important requisite for adhesion and adhesive dentistry 

(36). Indeed, if the operator aims to obtain the best possible bond to dentin, all affected dentin 

should be removed during cavity preparation, resulting in a good quality hard dentin surface (Figs. 

11m and 12).  

In a first step, a sharp hand excavator is used to check the dentin consistency and to remove the soft 

carious dentin (74) (Figs. 11h-j). A multiblade tungsten carbide bur is not yet indicated, as the blades 

of the bur become compacted with the soft caries tissue, strongly decreasing the bur’s cutting 

efficiency. In a second step, the infected/affected dentin is further removed with a multiblade 

tungsten carbide bur (Komet H1SEM; Brasseler, Lemgo, Germany) until the dentin surface is hard and 

clean (Figs. 11l,m). The bur is used dry and with low speed (7000 rpm). The caries will be removed 

following a centripetal approach, from the periphery to the critical points in the center, this in order 

to program possible pulp exposure. 

The rationale of cavity preparation presented by the authors is somewhat different from the modern 

concept of ‘minimally invasive dentistry’, which promotes a more conservative elimination of the 

highly infected and irreversibly demineralized carious tissue. In minimally invasive dentistry, 

clinicians are advised to remove carious dentin to the level where it is ‘affected or firm’ (71). Doing 

so, they may leave demineralised dentine that is judged to still possess some 

remineralisation/healing potential on the cavity floor. In deep caries lesions, a selective caries-

removal technique is advised in teeth with vital asymptomatic pulps. In the periphery of a cavity, 

removal to hard dentin is performed, while in pulpo-proximal areas, leathery or soft dentin is left to 

avoid pulp exposure and to keep the pulp vital. Studies targeting pulp vitality and dentin reactions 

have shown the beneficial effects of this therapy (4,37,45). However, very few studies evaluated the 



 

 

biomechanical aspect of the inferior bonding capacity of adhesives to caries-infected dentin, 

especially in deep and wide cavities. Hevinga et al. (31) analyzed the immediate fracture strength of 

extracted molars with natural deep caries lesions receiving composite restorations placed over 

residual caries. A significant reduction of fracture strength was recorded for the teeth restored after 

SCR compared to a control group submitted to complete caries removal (CCR). Schwendicke et al. 

(72,73), studying extracted premolars with artificial caries lesions restored after SCR, found a 

significant increased cusp deflection, while fracture resistance and marginal integrity was not 

significantly influenced by the caries removal technique (SCR versus CCR). In addition, some clinical 

trials evaluating the SCR technique in the primary dentition show that in spite of the higher rates of 

pulp reservation, the composite restorations fail more frequently compared to the CCR technique 

(45,64). Future clinical studies with good study design are needed to evaluate the biomechanical 

aspect of the inferior bonding capacity of adhesives to caries-infected dentin in permanent teeth, 

especially in deep and wide cavities on the medium to long-term.  

In case the practitioner would like to leave caries-infected/affected dentin in the depth of the cavity, 

in order to keep the pulp vital, this dentin is recommended to be covered with a remineralizing 

material like a calcium-silicate cement or a glass-ionomer (28,84). Nowadays, there is considerable 

evolution in the development of bioactive and remineralizing restorative materials that can be used 

in these indications. However, we still have to wait for their clinical proof.  

According to the guidelines of the European Society of Endodontology, regarding management of 

deep caries and the exposed pulp, direct pulp capping with complete caries removal is another 

treatment option that must be included when treating asymptomatic vital teeth with deep caries 

lesions (11,16). The prognosis of direct pulp capping is determined by a correct diagnosis of the 

pulpal health, use of adequate materials, sterile instruments, magnification, absolute rubber dam 

isolation, full caries excavation as well as the possibility of immediate and definite bacteria-proof 

seal. It is beyond the scope of article to discuss the topic of vital pulp treatment.  



 

 

For the treatment of a proximal caries lesion, a box will be prepared. The box must be opened until 

interproximal clearance is achieved. It means that the buccal and lingual/palatal margins of the box 

are made accessible (Figs. 11o,q and 13c). This allows the operator to place the matrixband in a 

passive way, without any risk of distortion. Another advantage of interproximal clearance is that the 

buccal and lingual margins of the box can be finished and polished well, as they are clearly visible and 

accessible. In addition, in a later stage, during a recall session, it is easy to re-polish these accessible 

margins. 

When there is direct access to the proximal caries lesion, the marginal ridge can be preserved, on 

condition that residual dental tissue at the marginal ridge is thick enough and the marginal ridge is 

not overloaded during occlusion and articulation (Fig. 14).  

 

3. Evaluation and removal of undermined enamel 

After removal of the existing restoration and decayed dental tissue, a second detailed biomechanical 

analysis takes place and the final decision to potentially cover the cusps is made. The following 

guidelines are proposed (Fig. 15):  

- If the remaining cusp has a thickness of 2 mm or more and enamel is supported by dentin, the cusp 

is kept.  

- Similarly, with a cusp thickness of around 2 mm and slightly undermined enamel (on average 1 

mm), the cusp can be kept if it is not heavily loaded during occlusion and articulation (Fig. 15a).  

- Strongly undermined cusps (enamel not supported by dentin) should be reduced to at least 1.5 mm 

and capped (Figs. 15b-17). The more the height of the cusp is reduced, the less dentinal support is 

needed. With a strongly reduced lever arm, the risk of flexure of the cavity wall is also strongly 

reduced. This means that in the cervical area, one can end with the margin in enamel (as this is the 

best tissue to bond to) and have slightly undermined enamel. The same rationale is followed in the 

proximal box area (Fig. 18).  



 

 

Other indications for cusp reduction are: horizontal crack underneath one or more cusps, too wide 

(isthmus width > 1/3-1/2) and deep cavity, MOD cavity with a longitudinal crack, MOD cavity in an 

endodontically treated tooth, and an endodontically treated tooth with a crack in the pulp chamber. 

 

4. Finishing the cavity 

Finishing of the cavity is important as this results in increased wettability and adaptation of the 

adhesive layer, improved adaptation of the composite resin, better marginal sealing of the 

restoration, better adaptation of the matrix band, all to the benefit of increased longevity of 

restoration (29,46,68).  

The finishing protocol includes 3 steps.  

1. Sharp internal angles of the cavity are rounded with a multiblade tungsten carbide bur (Komet H1 

SEM). Rounded internal angles should be the norm, given the cusp-weakening effect of angular line- 

and point angles. In addition, composites tend to adapt much better in cavities with rounded rather 

than sharply defined internal architecture (46) (Fig. 19).  

2. To be sure that the prepared cavity is clean with a thin and light smear layer, tooth preparation is 

finalized by airborne-particle abrasion with Al2O3 powder (30 or 50 µm) (Fig. 20). Air abrasion is 

reported to increase the surface roughness and surface area available for adhesion and improve 

resin adaptation (21,27,35,51). Several in-vitro studies showed increased bond strength to air-

abraded dentin using an etch-and-rinse or a self-etch adhesive (27,51,80). Other in-vitro studies, 

however, measured neither significant influence of air abrasion on the bond strength to enamel and 

dentin nor for etch-and-rinse adhesives, nor for self-etch adhesives, not even after aging (35,95). 

Soares et al. (77) and Ouchi et al. (62) observed that air abrasion of bovine dentine with 50 µm Al2O3 

powder adversely affected the bond of self-etch adhesives. In the last study, the authors speculated, 

based on the integrated results, that a compressed dentin smear layer and embedded alumina 

particles may interfere with the penetration of the resin monomer and interaction with the 

functional monomer of the self-etch adhesive (62).  



 

 

3. The final step in the cavity preparation is finishing the enamel margins. An enamel bevel is not 

indicated, as this more easily results in cracking of the enamel at the margins (29,46,78). In addition, 

the composite layer will be too thin in the region of the enamel bevel. To finish the enamel margins, 

the sharp, unsupported enamel prisms of the occlusal and proximal (buccal and lingual) cavity 

margins will be removed with a flame-shaped diamond bur (40 µm grit), to be used dry and with 

medium speed (Fig. 21). The finished margins may not be located in demineralized enamel in order 

to prevent early caries recurrence. 

The cervical margin of the box will be finished (straight margin) with a conically shaped microfine 

diamond bur (40 µm grit). The sharp and irregular enamel prisms at the cervical margin will be 

removed with a metal diamond strip (Fig. 21b). Sono-abrasion can also be used to finish the proximal 

cavity margins (12,91)(Fig. 22). The sono-abrasion technique makes use of different forms of one-

side diamond coated oscillating preparation tips. Using the handpiece on low power allows fine and 

non-traumatic control during finishing of the enamel margins. The main advantage of this technique 

is prevention of iatrogenic damage to the adjacent tooth (Fig. 22b). Special tips are available to finish 

the cervical margin of the box (e.g Sonicflex Micro tip and Sonicflex Prep CAD/CAM tip; Kavo Dental, 

Biberach/Riß, Germany; EMS tips SM and SD, DS 051A and 052A; Nyon, Switzerland), while blade- or 

lance-shaped tips (eg. Sonicflex shaping tip; Kavo Dental) are usefull to finish the buccal and lingual 

margins of the proximal box. A hemispherical micro tip (e.g Sonicflex Micro tip; Kavo Dental) can be 

used to prepare small interproximal cavities (Fig. 22d-f).  

As a conclusion, the final cavity preparation is characterized by a clean and sound dental substrate, 

smooth transitions inside the cavity, no sharp angles, an acceptable isthmus width, removal of 

undermined enamel where needed, interproximal clearance in a class-2 cavity, and well-finished 

cavity margins (Fig. 23).  

 

Conclusion  



 

 

Cavity preparation is an important step in the protocol to make a high-quality direct posterior 

composite restoration. After caries removal, the pathologic cavity must be converted into a 

therapeutic cavity. This includes that the cavity will be adapted taking into account the observations 

made during a profound biomechanical analysis. This analysis determines if undermined enamel 

must be removed and the cusp(s) reduced. Rounded internal cavity angles and well-finished cavity 

margins will result in a good adaptation of the resin composite with a tight marginal seal. 

Consequently, paying attention to these cavity-preparation guidelines will contribute to an increased 

longevity of the posterior composite restoration.  

  



 

 

References 

1. Astvaldsdottir A, Dagerhamn J, van Dijken JW, Naimi-Akbar A, Sandborgh-Englund G, Tranaeus S, 

Nilsson M. Longevity of posterior resin composite restorations in adults - a systematic review. J 

Dent 2015;43:934-954.  

2. Banerjee A. Minimal intervention dentistry: part 7. Minimally invasive operative caries 

management: rationale and techniques. Br Dent J 2013;214:107-111.  

3. Banerjee A, Kellow S, Mannocci F, Cook RJ, Watson TF. An in vitro evaluation of microtensile 

bond strengths of two adhesive bonding agents to residual dentine after caries removal using 

three excavation techniques. J Dent 2010;38:480-489.  

4. Barros MMAF, De Queiroz Rodriguez MI, Muniz FWMG, Rodrigues LKA. Selective, stepwise, or 

nonselective removal of carious tissue: which technique offers lower risk for the treatment of 

dental caries in permanent teeth. A systematic review and meta-analysis. Clin Oral Investig 

2020;24:521-532.  

5. Beck F, Lettner S, Graf A, Bitriol B, Dumitrescu N, Bauer P, Moritz A, Schedle A. Survival of direct 

resin restorations in posterior teeth within a 19-year period (1996–2015): a meta-analysis of 

prospective studies. Dent Mater 2015;31:958-985.  

6. Browet S, Gerdolle D. Precision and security in restorative dentistry: the synergy of isolation and 

magnification. Int J Esthet Dent 2017;12:172-185.  

7. Chai H, Lawn BR. Fracture resistance of molar teeth with mesio-occlusal-distal (MOD) 

restorations. Dent Mater 2017;33:e283-e289. 

8. Correa MB, Peres MA, Peres KG, Horta BL, Barros AJ, Demarco FF. Do socioeconomic 

determinants affect the quality of posterior dental restorations? A multilevel approach. J Dent 

2013;41:960-967.  

9. Cosme DC, Baldisserotto SM, Canabarro SDA, Shinkai RS. Bruxism and voluntary maximal bite 

force in young dentate adults. Int J Prosthodont 2005;18:328-332.  



 

 

10. Costa AR, Garcia-Goday F, Correr-Sobrinho L, Naves LZ, Raposo LH, Carvalho FG, Sinhoreti MA, 

Puppin-Rontani RM. Influence of different dentin substrate (caries-affected, caries-infected, 

sound) on long-term µTBS. Braz Dent J 2017;28:16-23.  

11. Dammaschke T, Galler KM, Krastl G. Current recommendations for vital pulp treatment. Dtsch 

Zahnärztl Z 2019;1:43-52. 

12.  Decup F; Lasfargues JJ. Minimal intervention dentistry II: part 4. Minimal intervention 

techniques of preparation and adhesive restorations. The contribution of the sono-abrasive 

techniques. Br Dent J 2014;216:393-400.  

13. Dejak B, Mlotkowski A. Three-dimensional finite element analysis of strength and adhesion on 

composite resin versus ceramic inlays on molars. J Prosthet Dent 2008;99:131-140.  

14. Demarco FF, Collares K, Correa MB, Cenci MS, de Moraes RR, Opdam NJ. Should my composite 

restorations last fovever? Why are they failing? Braz Oral Res 2017;31 (suppl):92-99.  

15. Demarco FF, Correa MB, Cenci MS, Moraes RR, Opdam NJM. Longevity of posterior composite 

restorations not only a matter of materials. Dent Mater 2012;28:87-101.  

16. Duncan HF, Galler KM, Tomson PL, Simon S, El-Karim I, Kundzina R, Krastl G, Dammaschke T, 

Fransson H, Markvart M, Zehnder M, Bjørndal L. European Society of Endodontology position 

statement: management of deep caries and the exposed pulp. Int Endod J 2019;52:923-934. 

17. Fennis WM, Kuijs RH, Roeters FJ, Creughers NH, Kreulen CM. Randomized control trial of 

composite cuspal restorations: five-year results. J Dent Res 2014;93:36-41.  

18. Ferracane JL, Hilton TJ. Polymerization stress – is it clinically meaningful? Dent Mater 2016;32:1-

10.  

19. Forster A, Braunitzer G, Tóth M, Szabó B, Fráter M. In vitro fracture resistance of adhesively 

restored molar teeth with different MOD cavity dimensions. J Prosthodont 2019;28:e325-e331. 

20. Frankenberger R, Zeilinger I, Krech M, Mörig G, Naumann M, Braun A, Krämer N, Roggendorf 

MJ. Stability of endodontically treated teeth with differently invasive restorations: adhesive vs 

non adhesive cusp stabilisation. Dent Mater 2015;31:1312-1320.  



 

 

21. Freeman R, Varanasi S, Meyers IA, Symons AL. Effect of air abrasion and thermocycling on 

resin adaptation and shear bond strength to dentin for an etch-and-rinse and self-etch resin 

adhesive. Dent Mater J 2012;31:180-188. 

22. Goel VK, Khera SC, Gurusami S, Chen RCS. Effect of cavity depth on stresses in a restored 

tooth. J Prosthet Dent 1992;67:174-183. 

23. González-López S, De Haro-Gasquet F, Vilchez-Diaz MA, Ceballos L, Bravo M. Effect of 

restorative procedures on occlusal loading on cuspal deflection. Oper Dent 2005;30:33-38. 

24. González-López S, Lucena-Martin C, de Haro-Gasquet F, Vilchez-Diaz MA, de Haro-Muñoz C. 

Influence of different composite restoration techniques on cuspal deflection: an in vitro 

study. Oper Dent 2004;29:656-660. 

25. González-López S, Vilchez Diaz MA, de Haro-Gasquet F, Ceballos L, de Haro-Muñoz C. Cuspal 

flexure of teeth with composite restorations subjected to occlusal loading. J Adhes Dent 

2007;9:11-15.  

26. Haj-Ali R, Walker M, Williams K, Wang Y, Spencer P. Histomorphologic characterization of 

noncarious and caries-affected dentin/adhesive interfaces. J Prosthodont 2006; 15:82–88.  

27. Hannig M, Femerling T. Influence of air-abrasion treatment on the interfacial bond between 

composite and dentin. Oper Dent 1998;23:258-265.  

28. Hashem D, Mannocci F, Patel S, Manoharan A, Watson TF, Banerjee A. Evaluation of the 

efficacy of calcium silicate vs glass ionomer cement indirect pulp capping and restoration 

assessment criteria: a randomized controlled clinical trial – 2-year results. Clin Oral Invest 

2019;23:1931-1939. 

29. Hayashi M, Yamada T, Lynch CD, Wilson NHF. Teaching of posterior composites in dental 

schools in Japan – 30 years and beyond. J Dent 2018;76:19-23.  

30. Heintze SD, Rousson V. Clinical effectiveness of direct Class II restorations – a meta-analysis. J 

Adhes Dent 2012;14:407-431.  



 

 

31. Hevinga MA, Opdam NJ, Frencken JE, Truin GJ, Huysmans MCDNJM. Does incomplete caries 

removal reduce strength of restored teeth? J Dent Res 2010;89:1270-1275. 

32. Hikada O, Iwasaki M, Saito M, Morimoto T. Influence of clenching intensity on bite force 

balance, occlusal contact area, and average bite pressure. J Dent Res 1999;78:1336-1344. 

33. Hood JAA. Biomechanics of the intact, prepared and restored tooth: some clinical 

implications. Int Dent J 1991;41:25-32.  

34. Hsu KW, Marshall SJ, Pinzon LM, Watanabe L, Saiz E, Marshall GW. SEM evaluation of resin-

carious dentin interfaces formed by two dentin adhesive systems. Dent Mater 2008;24:880-

887. 

35. Huang CT, Kim J, Arce C, Lawsan NC. Intraoral airabrasion: a review of devices, materials, 

evidence, and clinical applications in restorative dentistry. Compend Contin Educ 

2019;40:508-513. 

36. Isolan CP, Sarkis-Onofre R, Lima GS, Moraes RR. Bonding to sound and caries-affected dentin: 

a systematic review and meta-analysis. J Adhes Dent 2018;20:7-18.  

37. Jardim JJ, Mestrinho HD, Koppe B, de Paula LM, Alves LS, Yamaguti PM, Almeida JCF, Maltz 

M. Restorations after selective caries removal: 5-year randomized trial. J Dent 

2020;99:103416. 

38. Karaman E, Ozgunaltay G. Cuspal deflection in premolar teeth restored using current 

composite resins with and without resin-modified glass ionomer liner. Oper Dent 

2013;38:282-289. 

39. Kopperud SE, Tveit AB, Gaarden T, Sandvik L, Espelid I. Longevity of posterior dental 

restorations and reasons for failure. Eur J Oral Sci 2012;120:539-48.  

40. Kumagai H, Suzuki T, Hamada T, Sondang P, Fujitani M, Nikawa H. Occlusal force distribution 

on the dental arch during various levels of clenching. J Oral Rehabil 1999;26:932-935. 

41. Laegreid T, Gjerdet NR, Johansson AK. Extensive composite molar restorations: 3 years 

clinical evaluation. Acta Odontol Scand 2012;70:344-352.  



 

 

42. Larson TD, Douglas WH, Geistfeld RE. Effect of prepared cavities on the strength of teeth. 

Oper Dent 1981;6:2-5.  

43. Laske M, Opdam NMJ, Bronkhorst EM, Braspenning JCC, Huysmans MCDNJM. Ten-year 

survival of Class II restorations placed by general practitioners. J Dent Res 2016;1:292-299.  

44. Lempel E, Lovász BV, Bihari E, Krajczár K, Jeges S, Tóth, Szalma J. Long-term clinical evaluation 

of direct resin composite restorations in vital vs. endodontically treated posterior teeth – 

retrospective study up to 13 years. Dent Mater 2019;35:1308-1318. 

45. Liberman J, Franzon R, Guimarães LF, Casagrande L, Haas AN, Araujo FB. Survival of 

composite restorations after selective or total caries removal in primary teeth and predictors 

of failures. A 36-months randomized controlled trial. J Dent 2020;93:103268. 

46. Lynch CD, Opdam NJ, Hickel R, Brunton PA, Gurgan S, Kakaboura A, Shearer AC, Vanherle G, 

Wilson NHF. Guidance on posterior resin composites: Academy of Operative Dentistry-

European Section. J Dent 2014;42:377-383.  

47. Magne P, Belser UC. Rationalization of shape and related stress distribution in posterior 

teeth: a finite element study using non linear contact analysis. Int J Periodontics Restorative 

Dent 2002;22:425-433. 

48. Magne P. Efficient 3D finite element analysis of dental restorative procedures using micro-CT 

data. Dent Mater 2007;23:539-548. 

49. Magne P, Oganesyan T. CT scan-based finite element analysis of premolar cuspal deflection 

following operative procedures. Int J Periodontics Restorative Dent Int 2009;29:361-369.  

50. Magne P, Oganesyan T. Premolar cuspal flexure as a function of restorative material and 

occlusal contact location. Quintessence Int 2009;40:363-370. 

51. Manhart J, Mehl A, Schroeter R, Obster B, Hickel R. Bond strength of composite to dentin 

treated by air abrasion. Oper Dent 1999;24:223-232.  

52. Merete B. Bite force and occlusion. Semin Orthod 2006;12:120-126.  



 

 

53. Milicich G, Rainey T. Clinical presentations of stress distribution in teeth and the significance 

in operative dentistry. Pract Periodont Aesthet Dent 2000;12:695-700. 

54. Mobarak EH, El-Badrawy WH. Microshear bond strength of self-etching adhesives to caries-

affected dentin identified using the dye permeability test. J Adhes Dent 2012;14:245-250.  

55. Mondelli J, Sene F, Ramos RP, Benetti AR. Tooth structure and fracture strength of cavities. 

Braz Dent J 2007;18:134-138. 

56. Mondelli J, Steagall L, Ishikiriama A, De Lima Navarro MF, Soares FB. Fracture strength of 

human teeth with cavity preparations. J Prosthet Dent 1980;43:419-422.  

57. Morin DL, Douglas WH, Cross M, DeLong R. Biophysical stress analysis of restored teeth: 

experimental strain measurement. Dent Mater 1988:4:41-48.  

58. Neves Ade A, Coutinho E, Cardoso MV, De Munck J, Van Meerbeek B. Micro-tensile bond 

strength and interfacial characterization of an adhesive bonded to dentin prepared by 

contemporary caries-excavation techniques. Dent Mater 2011;27:552-562.  

59. Neves Ade A, Coutinho E, De Munck J, Van Meerbeek B. Caries-removal effectiveness and 

minimal invasiveness potential of caries-excavation techniques: a micro-CT investigation. J 

Dent 2011;39:154-162.  

60. Opdam NJ, Bronkhorst EM, Roeters JM, Loomans BA. A retrospective clinical study on 

longevity of posterior composite and amalgam restorations. Dent Mater 2007;23:2-8.  

61. Opdam NJ, van de Sande FH, Bronkhorst E, Cenci MS, Bottenberg P, Pallesen U, Gaengler P, 

Lindberg A, Huysmans MC, van Dijken JW. Longevity of posterior composite restorations: a 

systematic review and meta- analysis. J Dent Res 2014;93:943-949.  

62. Ouchi H, Takamizawa T, Tsubota K, Tsujimoto A, Ima IA, Barkmeier WW, Latta MA, Miyazaki 

M. The effects of aluminablasting on bond durability between universal adhesives and tooth 

substrate. Oper Dent 2020;45:196-208. 

63. Panitvisai P, Messer HH. Cuspal deflection in molars in relation to endodontic and restorative 

procedures. J Endodont 1995;21:57-61.  



 

 

64. Pedrotti D, Cavalheiro CP, Casagrande L, de Araújo FB, Pettorossi Imparato JC, de Oliviera 

Rocha R, Lenzi TL. Does selective carious tissue removal of soft dentin increase the 

restorative failure risk in primary teeth? Systematic review and meta-analysis. J Am Dent 

Assoc 2019;150:582-590. 

65. Politano G, Van Meerbeek B, Peumans M. Non-retentive bonded ceramic partial crowns: 

concept and simplified protocol for long-lasting dental restorations. J Adhes Dent 

2018;20:495-510. 

66. Reeh ES, Messer HH, Douglas WH. Reduction in tooth stiffness as a result of endodontic and 

restorative procedures. J Endod 1989;15:512-516.  

67. Rocca GT, Krejci I. Crown and post-free adhesive restorations for endodontically treated 

posterior teeth: from direct composite to endocrowns. Int J Esthet Dent 2013;8:154-177. 

68. Sabbagh J, Mc Connel RJ, Clancy McConnel M. Posterior composites: update on cavities and 

filling techniques. J Dent 2017;57:86-90.  

69. Scholtanus JD, Özcan M. Clinical longevity of extensive direct composite restorations in 

amalgam replacement: up to 3.5 years follow-up. J Dent 2014;42:1404–1410.  

70. Schuh PL, Wachtel H, Bolz W, Maischberger C, Schenk A, Kühn M. “Teflon tape technique”: 

synergy between isolation and lucidity. Quintessence Int 2019;50:488-493.  

71. Schwendicke F, Frencken JE, Bjorndal L, Maltz M, Manton DJ, Ricketts D, van Landuyt K, 

Banerjee A, Campus G, Domejean S, Fontana M, Leal S, Lo E, Machiulskiene V, Schulte A, 

Spliet C, Zandona AF, Innes NP. Managing caries lesions: consensus recommendations on 

carious tissue removal. Adv Dent Res 2016;28:58-67. 

72. Schwendicke F, Kern M, Blunck U, Dörfer C, Drenck J, Paris S. Marginal integrity and 

secondary caries of selectively excavated teeth in vitro. J Dent 2014;42:1261-1268. 

73. Schwendicke F, Kern M, Meyer-Lueckel H, Boels A, Doerfer C, Paris S. Fracture resistance and 

cuspal deflection of incompletely excavated teeth. J Dent 2014;42:107-113. 



 

 

74. Schwendicke F. Removing Carious Tissue: Why and How? In Lussi A, Buzalaf MAR. (eds) 

Caries Excavation: Evolution of Treating Cavitated Carious Lesions, Monogr Oral Sci. Basel, 

Karger 2018,27:56–67. 

75. Seow LL, Toh CH, Wilson NH: Strain measurements and fracture resistance of endodontically 

treated premolars restored with all-ceramic restorations. J Dent 2015;43:126-132.  

76. Scotti N, Rota R, Scansetti M, Paolino DS, Chiandussi G, Paqualini D, Berutti E. Influence of 

adhesive technique on fracture resistance of endodontically treated premolars with various 

wall thicknesses. J Prosthet Dent 2013;110:376-382.  

77. Soares CJ, Castro CG, Santos Filho PC, da Mota AS. Effect of previous treatments on bond 

strength of two self-etch adhesive systems to dental substrate. J Adhes Dent 2007;9:291-296.  

78. Soliman S, Preidl R, Karl S, Hofmann N, Krastl G, Klaiber B. Influence of cavity margin design 

and restorative material on marginal quality and seal of extended Class II resin composite 

restorations in vitro. J Adhes Dent 2016;18:7-16.  

79. St-Georges AJ, Sturdevant JR, Swift EJ Jr, Thompson JY. Fracture resistance of prepared teeth 

restored with bonded inlay restorations. J Prosthet Dent 2003;89:551-557. 

80. Sutil BGDS, Susin ah. Dentin pretreatment and adhesive temperature as effecting factors on 

bond strength of a universal adhesive system. J appl Oral Sci 2017;25:533-540.  

81. Tantibirojn D, Versluis A, Pintado MR, DeLong E, Douglas WH. Tooth deformation patterns in 

molars after composite restoration. Dent Mater 2004;20:535-542.  

82. ten Cate JM. Remineralization of caries lesions extending into dentin. J Dent Res 

2001;80:1407-1411.  

83. Terry DA. An essential component to adhesive dentistry: the rubber dam. Pract Proced 

Aesthet Dent 2005b;17:106-108.  

84. Tjäderhane L, Tezvergil-Mutluay A. Performance of adhesives and restorative materials after 

selective caries removal of carious lesions: restorative materials with anticaries properties. 

Dent Clin North Am 2019;63:715-729.  



 

 

85. Van Meerbeek B, Yoshihara K, Van Landuyt K, Yoshida Y, Peumans M. From Buonocore’s 

pioneering acid-etch technique to self-adhering restoratives. A status perspective of rapidly 

advancing dental adhesive technology. J Adhes Dent 2020;22:7-34.  

86. Van de Sande FH, Opdam NJ, Rodolpho PA, Correa MB, Demarco FF, Cenci MS. Patient risk 

factors’ influence on survival of posterior composites. J Dent Res 2013;92 (Suppl):78S-83S.  

87. Van Dijken JWV, Pallesen U. A six-year prospective randomized study of a nano-hybrid and a 

conventional hybrid resin composite in Class II restorations. Dent Mater 2013;29:191-198.  

88. Varga S, Spalj S, Lapter Varga M, Anic Milosevic S, Mestrovic S, Slaj M. Maximum voluntary 

molar bite force in subjects with normal occlusion. Eur J of Orthod 2011;33:427-433.  

89. Waltimo A, Könönen M. Maximal bite force and its association with signs and symptoms of 

craniomandibular disorders in young Finnish non-patients. Acta Odontol Scand 1995;53:254-

258.  

90. Wang Y, Li C, Yuan H, Wong MCM, Zou J, Shi Z, Zhou X. Rubber dam isolation for restorative 

treatment in dental patients (review). Cochrane Database Syst Rev 2016;20;9:CD009858. 

doi:10.1002/14651858.CD009858.pub2. 

91. Wicht MJ, Haak R, Fritz UB, Noack MJ. Primary preparation of Class II cavities with oscillating 

systems. Am J Dent 2002;15:21-25. 

92. Yahyazadehfar M, Ivancik J, Majd H, An B, Zhang D, Arola D. On the mechanism of fatigue 

and fracture in teeth. Appl Mech Rev 2014;66:0308031-3080319. 

93. Yoshihara K, Nagaoka N, Nakamura A, Hara T, Hayakawa S, Yoshida Y, Van Meerbeek B. 

Three-dimensional observation and analysis of remineralization in dentinal caries lesions. Sci 

Rep 2020;10:4387.  

94. Yoshiyama M, Tay FR, Doi J, Nishitani Y, Yamada T, Itou K, Carvalho RM, Nakajima M, Pashley 

D. Bonding of self-etch and total-etch adhesives to carious dentin. J Dent Res 2002;82:556-

560. 



 

 

95. Zimmerli B, De Munck J, Lussi A, Lambrechts P, Van Meerbeek B. Long-term bonding to 

eroded dentin requires superficial bur preparation. Clin Oral Investig 2012;16:1451-1461.  

  



 

 

Figure legends 

Figure 1: (a) Situation before: the patient asked for replacement of the existing amalgam restorations 

because of health reasons. In addition, the second molar showed a caries lesion at the mesial side. 

After a first biomechanical analysis, the operator observed that enough sound tooth structure was 

left to restore the teeth in a durable way with direct composite. (b) After having given local 

anesthesia, the teeth were isolated with rubberdam and decontaminated by air-polishing with 

sodium-bicarbonate powder (25-50 µm). (c) The existing amalgam restorations were removed. A box 

was prepared at the mesial side of the second molar in order to have access to the proximal caries 

lesion. (d) The cavity preparations were finished. The internal cavity angles were rounded, sharp 

irregular enamel prisms at the cavity margins were removed and the cavities were sandblasted with 

air abrasion (30-µm Al2O3 powder). (e) Two weeks after placement, the final composite restorations 

were well integrated in the surrounding natural tooth structure. The time needed to place these 

three high-quality direct posterior composite restorations was 90 min. 

 

Figure 2: The protocol for placement of a direct posterior composite restoration consists of 7 steps: 

biomechanical analysis, isolation, preparation, placement of matrix system (class-2), application of 

the adhesive, layering of the composite and finishing/polishing of the composite restoration. For an 

experienced operator, the average time schedule for placement of a class-1/2 composite restoration, 

from simple to complex, varies between 20 to 60 min. 

 

Figure 3: (a) Restoration of a quadrant with direct composite overlays. The critical steps in the 

placement of these large direct composite restorations are control of marginal adaptation, correct 

occlusal morphology and contact points, strong and well-positioned proximal contact areas, and a 

correct buccal/lingual and proximal emergence profile. (b). The restorations are clinically acceptable 

and can function quite well in the medium term in this non-bruxing patient with low caries risk. 

 



 

 

Figure 4: (a) After removal of the old amalgam restoration on the second upper molar, a large 

amount of caries was found. The operator decided to restore this moderately affected tooth in the 

most durable way with a bonded indirect ceramic partial crown. (b) The tooth was prepared for a 

non-retentive bonded ceramic onlay. After caries removal, the exposed dentin was protected with a 

layer of immediate dentin sealing and the undercuts were blocked out in a micro-selective way with 

a flowable composite. The preparation margins are located in enamel. (c) A bonded lithium-disilicate 

glass-ceramic onlay was bonded with a light-cure restorative composite. Working in an indirect way 

provides control on occlusal morphology, the proximal contact points and emergence profile of the 

tooth to be restored. (d) The buccal emergence profile of the first molar is well aligned with the 

adjacent intact teeth. It is quite impossible and time-consuming to realize this with a direct 

composite build-up. 

 

Figure 5: (a) Initial situation. Old unacceptable amalgam restorations on 45, 46 and 47 needed to be 

replaced after orthodontic treatment. Registration of the occlusion shows that the teeth are not 

heavily loaded. After evaluation of the quality and the amount of remaining tooth structure, it was 

decided to restore the second premolar and second molar with a direct composite restoration. The 

first lower molar shows several deep cracks in the surrounding tooth structure. To restore this tooth 

in a durable way, the cusps needed to be reduced. A bonded indirect lithium-disilicate glass-ceramic 

partial crown was planned. (b) An X-ray informs the dentist about the possible depth of the final 

cavity. The depth and width of the cavity determine to a large extent the fracture resistance of the 

teeth to be restored. (c) At the buccal side, the first molar showed an unacceptable composite 

restoration and deep cracks in the surrounding tooth structure, indicating the need to restore this 

tooth with an onlay. (d) The teeth are restored with bonded high-quality restorations. The 

restorations are adapted according to the size and depth of the lesions. The first molar was restored 

with a bonded indirect lithium-disilicate glass-ceramic partial crown, while direct composite 

restorations were placed on the second premolar and second molar. 



 

 

 

Figure 6: (a) Influence of the different types of class-1 cavities on the fracture resistance of the tooth. 

Reeh et al. (66) recorded a decrease in fracture resistance of 20% when a medium size class-1 cavity 

was made. In combination with limited endodontic access, the fracture resistance decreased up to 

25%. Most unfavorable is a wide and deep class-1 cavity. The fracture resistance of these teeth can 

decrease up to 70% (33). (b) Influence of the different types of class-2 cavities on the fracture 

resistance of the tooth. The marginal ridge contributes to a large extent to the fracture resistance of 

the tooth. In addition, the isthmus of the class-2 cavity also plays a role. Small isthmus MO: 20% 

reduction; medium isthmus MO/DO: 46% (66); small isthmus MOD: 50% reduction (57). (c) A high-

quality bond between tooth and composite restoration must be able to resist the stresses that 

develop at the adhesive interface during placement of the composite (due to polymerization-

shrinkage stress) (orange arrows) and occlusal loading (blue arrow). If the adhesion is not optimal, 

loss of adhesion will occur and the cavity walls will flex during occlusal loading (red arrows). This can 

result in partial/total loss of adhesion, gap formation (red line) and finally fracture of the cusps. 

 

Figure 7: (a) Initial situation: small caries lesions must be treated on the first molar (occlusal lesion) 

and on both premolars (proximal lesions). (b) The finished cavity preparations. The reinforcing 

structures of the tooth, the oblique ridge and transverse ridges, were maintained. The various small 

cavities on the occlusal surface of the first molar were not connected. Maintaining these reinforcing 

structures contributes to the fracture resistance of the teeth to be restored. (c) After placement of 

the direct composite restorations. 

 

Figure 8: The width and depth of the isthmus largely determine the fracture resistance of the teeth 

to be restored. Restoring a wide and deep cavity, such as one on the distal side of the first lower 

molar, with a direct composite restoration creates considerable tensile stresses at the adhesive 

interface during occlusal loading. This may result in loss of adhesion, flexure of the surrounding 



 

 

cavity walls, and eventually tooth fracture after short/medium term clinical functioning. On this 

tooth, the cusps must be reduced and the tooth restored with an onlay. The cavity on the second 

molar has an acceptable width and depth and can be restored with a high-quality direct composite 

restoration. The DO cavity on the second premolar is a bit wider and deeper, but a lot of remaining 

sound tooth structure is left at the mesial side. When restoring this tooth with a direct composite 

restoration, the surrounding tooth structure will not flex so easily during occlusal loading. 

 

Figure 9: (a) The most unfavorable situation regarding fracture resistance are premolar (PM)/molars 

(M) with a large and deep class-2 MOD cavity and endodontically treated teeth with a MOD cavity. 

Large and deep MOD cavities result in a decrease in fracture resistance by 59% to 76% compared to 

that of intact teeth. Endodontically treated PM/M with a MOD cavity show a strong reduction in 

cuspal stiffness. The cusps can flexure up to 100 µm (63). (b) Aged MOD fillings (with a wide and 

deep cavity) often fail after prolonged service. Such degradation is generally attributed to the onset 

and progression of interfacial marginal fissures, associated with repeated mechanical and thermal 

stress imposed in a hostile aqueous environment, in combination with composite shrinkage and 

interfacial leakage. This occurs more easily when the adhesive procedure is not carried out correctly, 

and when less efficient adhesives are used. Continuous propagation of such marginal fissures may 

ultimately lead to fracture of the surrounding tooth structure. 

 

Figure 10: (a) In this patient, the dentist planned to replace the amalgam restoration on the first 

molar because of caries recurrence at the mesial side. Before starting with the cavity preparation, 

the teeth were isolated with rubberdam. An anchor clamp (N27; Hu-Friedy, Frankfurt am Main, 

Germany) was placed on the second molar. The whole quadrant was isolated to increase the visibility 

of the operative field. Adequate field isolation/sealing at the gingival margin was obtained by 

inversion of the rubberdam. (b) The second premolar and lower molars were prepared for non-

retentive bonded ceramic onlays. The same protocol was followed for rubberdam isolation: quadrant 



 

 

isolation and an anchor clamp (W8A; Hu-Friedy) was placed on the last molar. Another clamp was 

placed on the canine as the orthodontic retention wire did not allow complete positioning of the 

rubberdam at the mesial side. Floss was used to obtain good sealing at the gingival margins. The 

application of teflon tape at the deep subgingival margins resulted in good visibility of the cervical 

preparation margins. Absolute isolation is needed prior to immediate dentin sealing. 

 

Figure 11: (a) Initial situation: a deep caries lesion was present at the distal side of the upper second 

premolar. (b and c) Quadrant isolation took place. The rubberdam was inverted. On the second 

premolar, a floss was placed to obtain a good cervical seal, as the caries was quite close to the root 

surface. Before starting with the cavity preparation, the operator protected the neighbour tooth with 

a Wedge Guard Palodent Plus (Dentsply Sirona, Konstanz, Germany). (d) Access was made to the 

proximal caries lesion with a small round diamond bur. (e) When entering the dentin, the caries 

lesion is clearly visible at the enamel-dentin junction. (f) The box was prepared with the Wedge 

Guard (Dentsply Sirona) into position. A fine pointed diamond bur was used to widen the box in a 

bucco-lingual direction. (g) After opening the box, the wedge guard was replaced by a wooden 

wedge to increase the visibility during cavity preparation. The wedge also protects the rubberdam 

and the cervical margin. Pre-wedging with a wooden wedge at this stage can result in a separation of 

the teeth of up to 100 µm. In this way, it is easier to obtain a tight proximal contact area during 

placement of the composite restoration. (h) A sharp hand excavator was used to check the dentin 

consistency and remove the soft carious dentin. (i) Soft dentine can easily be scooped up with a 

sharp hand excavator with little force being required.  

 

Figure 11: (j) Chips of soft and leathery dentin in the cavity after using the excavator. (k) The carious 

dentin is firm and dry. This is the right time to use the tungsten carbide bur to remove the firm 

dentin. (l) The firm carious dentin was removed with a multiblade tungsten carbide bur (Komet H1-

SEM) until the dentin surface was hard and clean. The bur is used dry and with low speed (7000 



 

 

rpm). (m) The caries will be removed following a centripetal approach, from the periphery to the 

critical points in the center, this in order to prevent possible pulp exposure. (n) After removal of the 

caries, finishing of the cavity took place. The cervical step is finished until a straight margin is 

obtained with a conical shaped diamond bur with round edges (40 µm). (o) The internal angles of the 

cavity are rounded. Undermined enamel at the cervical step is not removed. Finishing must be done 

carefully in this region and the undermined enamel must be supported by a wooden wedge. (p and 

q) The box was opened until interproximal clearance was achieved: the buccal and lingual margin of 

the box are made accessible. This allows passive positioning of the matrix band, and facilitates 

finishing of the buccal and lingual cavity margins of the box. The sharp and irregular enamel prisms at 

the occlusal, buccal and lingual box margins are removed with a pointed microfine diamond bur (40 

µm). This will result in improved adaptation of the composite resin at the cavity margins. (r) Tooth 

preparation was finalized by airborne-particle abrasion with Al2O3 powder (30 µm; 4 bar). (s) After air 

abrasion, the tooth surface to be bonded to was slightly roughened and cleaned. 

 

Figure 11: (t) A sectioned contoured metal matrix band was positioned and fixed with a wooden 

wedge. The enamel margins were selectively etched with 35% phosphoric acid before application of 

a mild 2-step self-etch adhesive. (u) After the adhesive protocol, a layer of highly filled flowable 

composite was placed in the cervical third (1.5 mm) of the box and polymerized for 40 s. (v) In a next 

step, the marginal ridge was built up to the correct height with a conventional micro-hybrid 

composite. (w) After 20 s of polymerization, the matrix band was removed and the remaining 

occlusal cavity was restored with the same composite. (x). Final restoration 2 weeks after placement. 

 

Figure 12: (a) Replacement of the existing amalgam restorations was required. (b) The existing 

amalgam restorations were removed in a minimally invasive way with a multiblade tungsten carbide 

bur, from the center towards the periphery. An ultrasonic device with water cooling was used to 

remove the last pieces of amalgam that remained to the cavity walls. Next, the existing liner was 



 

 

removed with a round multiblade tungsten carbide bur at a low speed (7000 rpm). (c) The final cavity 

preparation is characterized by a clean and sound dental substrate, smooth transitions inside the 

cavity, no sharp angles, an acceptable isthmus width, and well finished cavity margins. (d) This allows 

the dentist to make direct composite restorations with a high hidden and perceived quality. 

 

Figure 13: (a) Initial situation: a caries lesion was observed at the distal side of the first upper 

premolar. The tooth will be treated with a direct composite restoration. (b) The box was prepared 

until interproximal clearance was achieved: the buccal and lingual margins were made accessible. 

Demineralized enamel was still present at the cervical cavity margin. (c) All cavity margins were 

positioned in sound enamel. (d) The restored tooth immediately after placement of the class-2 

composite restoration. 

 

Figure 14: (a) After preparing a class-2 cavity on the first molar, a small caries lesion was observed at 

the distal side of the second premolar. As there was direct access to the lesion, the marginal ridge 

was preserved. The marginal ridge was not strongly undermined, and not overloaded during 

occlusion and articulation. (b) The mesial surface of the first molar was protected with teflon tape 

before restoring the proximal cavity on the premolar. (c) Application of the adhesive. (d) The 

composite restoration was finished before restoring the proximal cavity on the molar. 

 

Figure 15: Bucco-lingual section of a molar with cavity preparation. (a) If the remaining cusp has a 

thickness of 2 mm or more, and the enamel is supported by dentin (lingual side: L), the cusp is kept. 

Similarly, with a cusp thickness of around 2 mm and slightly undermined enamel (on average 1 mm) 

(buccal side: B), the cusp can be kept if it is not heavily loaded during occlusion and articulation. (b) A 

strongly undermined cusp (enamel not supported by dentin) (buccal side: B) should be reduced at 

least 1.5 mm and capped. The more the height of the cusp is reduced, the less dentin support is 



 

 

needed. This means that in the cervical area, one can end with the margin in enamel and have 

slightly undermined enamel. 

 

Figure 16: The MOD cavity on the first lower molar shows strongly undermined cusps. The cusps 

need to be reduced 1.5 mm in order restore the fracture resistance of this tooth. This tooth was 

planned to be restored with a bonded indirect onlay. 

 

Figure 17: (a) Situation before: endodontically treated molar showing a wide and deep cavity. The 

mesial marginal ridge was thin and a crack line was observed. To decrease excessive flexure of the 

high and thin surrounding walls, cusp coverage is required. Because of financial reasons, the tooth 

was planned to be restored with a direct composite onlay. (b) A mesial box was prepared and the 

cusps were reduced for 1.5 mm. The endodontic cavity was cleaned with air abrasion with Al2O3 

powder (30 µm). (c-f) After application of a 3-step etch-and-rinse adhesive, the pulp chamber was 

filled with a bulk-fill fiber-reinforced composite (EverX Posterior; GC, Tokyo, Japan). (g) For the final 

composite build-up, a micro-hybrid composite was used. Although the final restoration did not show 

a completely correct tooth morphology, it was clinically acceptable. (h) The final restoration two 

weeks later, after rehydration of the teeth. 

 

Figure 18: (a) Large caries lesion at the mesial side of the upper molar, after removal of the existing 

amalgam restoration. (b) Final cavity preparation after removal of all caries. The undermined enamel 

at the cervical margin was maintained. During caries removal, one must protect the undermined 

enamel with a wooden wedge. The caries must be removed very carefully in order not to damage the 

undermined enamel. 

 

Figure 19: The internal cavity angles need to be rounded in order to decrease the stress imposed on 

the adhesive interface. 



 

 

 

Figure 20: (a) Occlusal cavity before air abrasion. (b) Air abrasion with Al2O3 powder (50 µm) (4 bar - 

10s) results in a clean and slightly roughened dental surface. It is important to air-water spray the 

tooth very well after air abrasion, in order to remove all the powder on the operative field. (c) 

Scanning electron microscopy (SEM) photomicrograph of Al2O3 powder (50 µm). (d-f) SEM 

photomicrographs of a prepared dentin surface. (d) Dentin surface prepared with a multiblade 

tungsten carbide bur (Komet H1 SEM); the dentin tubules are obstructed with smear. (e) 

Sandblasting with Al2O3 powder (50 µm) at an air pressure of 4 bar for 10s. The roughness of the 

dentin surface is increased. The smear layer is still present. At several locations, the dentin tubules 

were exposed. (f) After etching the sandblasted dentin surface with phosphoric acid (35%) for 15 s, 

the entire smear layer was removed, and dentin tubules were exposed. 

 

Figure 21: (a) During finishing of the occlusal cavity, the sharp and irregular enamel prisms were 

removed with a microfine cylindric diamond bur with round angles (40 µm grit).  

(b) Instruments used for removing the sharp and irregular enamel prisms in a class-2 cavity. The 

occlusal and proximal (buccal and lingual) cavity margins were finished with a flame shaped diamond 

bur (40 µm grit), used dry and with medium speed. The cervical margin of the box was finished to a 

straight margin with a conical shaped microfine diamond bur (40 µm grit). The sharp and irregular 

enamel prisms at the cervical margin were removed with a metal diamond strip. 

 

Figure 22: (a-c) Use of sono-abrasion (Sonicflex Micro tip; Kavo Dental, Biberach/Riß, Germany) to 

remove the sharp irregular enamel prisms at the proximal cavity margin of a lower first molar. (a) 

Before finishing. (b) The smooth non-diamond coated side of the tip avoids damage to the adjacent 

tooth. (c) The proximal cavity shows a well finished cavity margin. (d) After removal of an inadequate 

filling at the distal side of the second premolar, a small caries lesion was visible at the mesial side of 

the first molar. (e) A hemispherical sono-abrasion tip is used for cavity preparation because of easy 



 

 

access to the caries lesion. The marginal ridge was left intact. (f) Final cavity preparation after 

airabrasion with Al2O3 powder (30 µm).  

 

Figure 23: (a) Initial situation. Old composite restorations with caries underneath need to be 

replaced. (b) Final cavity preparations showing a clean and sound dental substrate, smooth 

transitions inside the cavity, no sharp angles, removal of undermined enamel where needed, 

interproximal clearance in the class-2 cavity, and well-finished cavity margins. The occlusal cavity on 

the first upper molar was wide, but not deep and the tooth was not heavily loaded during occlusion. 

Therefore, the surrounding tooth structure was preserved. (c) Two weeks after placement of high-

quality direct posterior composite restorations. A 3-step etch-and-rinse adhesive was used in 

combination a micro-hybrid composite. The composite restorations blended in very well within the 

surrounding natural tooth structure. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 




