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Abstract: The paradigms of contemporary caries management have shifted to minimal 
intervention dentistry. Conservative restorative procedures are recommended to replace the 
complete removal of all carious tissues in the management of dental caries. This article 
reports two clinical cases of conservative restorations of proximal caries. Different conser-
vative cavity designs and restorative techniques were performed in the two cases. Proximal 
caries in posterior teeth were prepared using the box-only preparation technique or the 
proximal tunnel preparation technique. The cavities were restored directly with resin com-
posites. The advantages of using the box-only preparation with fissure sealant included the 
maximum conservation of tooth hard tissues and the prevention of unnecessary tissue 
removal in the occlusal surface. The tunnel preparation preserved the marginal ridge and 
protected the restored tooth from fracture. The filling of composites into the tunnel demon-
strated a better marginal adaptation than other restorative materials. These two techniques 
allowed for the preservation of more healthy dental hard tissue compared with traditional 
techniques. Potential problems in the restoration included the high incidence of the inap-
propriate removal of dental hard tissue, damage of the vital pulp and the microleakage due to 
the polymerization shrinkage. The solutions to minimize the risk of these problems in the 
operative procedures were discussed. 
Keywords: case report, caries, restoration, resin composite, minimally invasive dentistry

Introduction
Dental caries is the most prevalent non-communicable oral disease worldwide.1 The 
World Health Organization has defined the noncommunicable diseases as “disease tend 
to be of long duration and are the result of a combination of genetic, physiological, 
environmental and behavioural factors.” The traditional management of dental caries 
employed the concept of “extension for prevention” is no longer acceptable in contem-
porary practice.2 However, the implementation of “extension for prevention” required 
the removal of some sound enamel or dentine to reduce the incidence of secondary caries. 
It was recommended to completely remove carious tissue and to leave only hard tissue 
behind. Extensive cavity design was also suggested. The cavity preparation had to be 
extended following the fissure anatomy. In addition, the cavosurface margins of the 
cavity had to be located on non-fissured enamel. The proximal cavity preparation had to 
be extended to break contact with the adjacent teeth to create self-cleansing margins.2

In addition, the use of traditional dental restorative materials made excessive 
cavity preparation unavoidable due to the physical properties of these materials. 
Restorative materials, such as dental amalgam and glass ionomer cement, are liable 
for fracture when an occlusal force causes the flexure of these materials. Therefore, 
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cavity designs ensuring enough material thickness are 
required when one is placing these restorative materials 
into the cavity. Usually these materials require a minimum 
thickness of 1.5 to 2.0 mm to resist occlusal loading.3

However, all current dental restorations have limited 
lifespans. According to previous studies on the annual 
failure rate of dental restorations, it was estimated that 
dental restorations would need to be replaced after three 
to ten years.4 The finite lifespans of restorations indicate 
that dental restorations will need to be replaced several 
times in most patients. The replacement of dental restora-
tions leads to cavities of increased sizes.5 This is known as 
the repeat restoration cycle. The repeat restoration cycle 
requires additional time and expense for the re-restoration 
therapy, including complex and expensive endodontic or 
surgical treatments. It eventually leads to the infeasibility 
of further restoration, as well as the increased possibility 
of extraction. Therefore, avoiding or slowing down the 
repeat restoration cycle has great significance in preser-
ving teeth for longer periods, which has a profound impact 
on the development of minimal intervention dentistry.

Minimal intervention dentistry is a philosophy aimed at 
attempting to keep teeth healthy and functional for life.6 

Following the principle of minimal intervention dentistry, 
conservative interventions are required to restore the mor-
phology and function of teeth when cavitated lesions have 
developed. The current article reports two clinical cases of 
the restoration of cavitated caries involving the proximal 
surface of the teeth, embracing the principle of minimal 
intervention dentistry. The purpose of this article is to 
demonstrate two conservative operative techniques for 
the management of proximal caries in posterior teeth. 
The advantages and disadvantages of the techniques are 
discussed.

Case Report
Case 1: Box-Only Restoration with 
Fissure Sealing
A 35-year-old female patient presented in a clinical 
appointment complaining about intermittent pain during 
meals in the maxillary posterior area on the left. An initial 
clinical examination revealed that caries extended along 
the central fissure on the occlusal surface of tooth 24. 
A cavitated carious lesion was found on the distal occlusal 
surfaces. The distal marginal ridge was destructed 
(Figure 1A). A bite-wing radiograph showed that the 
carious lesion on the distal side extended to the middle 

third of the dentine (Figure 1B). The examinations indi-
cated active deep caries that had developed in the distal 
occlusal area with proximal surface involvement 
(International caries detection and assessment system - 
ICDAS 5). Micro-cavitated enamel caries (ICDAS 3) in 
the fissure area of the occlusal surface was visualized as 
well. The patient’s informed consent for the dental treat-
ment, the publication of the clinical photos, and the pub-
lication of the case report were obtained before the 
treatment. No institutional approval was required to pub-
lish this case report.

A rubber dam (Dental dam, Coltene, Cuyahoga Falls, 
OH, USA) was placed for the isolation of the working 
field with a w7 clamp fixed on tooth 26. The excavation of 
caries-infected dentine was performed using a round car-
bide bur in a slow-speed handpiece. The carious and 
unsupported enamel and carious dentine on the distal 
proximal surface was removed conservatively until the 
firm dentine was reached. A cavity outline form was there-
fore established (Figure 1C).

A layer of glass ionomer cement liner (Vitrebond Light 
Cure Glass Ionomer Liner and Base, 3M ESPE Dental 
Products, St. Paul, MN, USA) was placed on the pulpal 
floor of the cavity for pulp protection (Figure 1D). In 
addition, a sectional matrix and a suitable pre-fabricated 
band (Palodent Matrix System, Dentsply Sirona, Charlotte, 
NC, USA) were placed for the separation of the contact 
area with the adjacent tooth. Selective acid etching on 
enamel was performed for 15 seconds. Specifically, a two- 
step self-etch bonding system (Scotchbond TM Etchant, 
3M ESPE Dental Products, St. Paul, MN, USA; Clearfil 
TM SE Bond, Kuraray, Tokyo, Japan) was applied on the 
enamel and dentine of the cavity. Then, a thin layer of 
flowable resin composite (Filtek TM Supreme XT 
Flowable Restorative, 3M ESPE Dental Products, 
St. Paul, MN, USA) was injected into the floor of the 
cavity and light-cured (Figure 1E).

Afterwards, the distal proximal wall of the tooth was 
built up with resin composite (Filtek TM Z250 Resin 
Composite, 3M ESPE Dental Products, St. Paul, MN, 
USA), using the sectional matrix as a guide (Figure 1F). 
The sectional matrix and clamp were then removed to 
check any voids on the external surface of the proximal 
composite wall (Figure 1G). The cavity was filled with 
resin composite using the incremental layering technique. 
Specifically, the resin composite was stacked on a slope on 
the buccal side of the cavity to restore the morphology of 
the buccal cusp (Figure 1H). After light-curing, the lingual 
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cusp was built up in an oblique incremental manner. In 
addition, the occlusal surface, cusps, and marginal ridge 
were shaped during the procedure (Figure 1I). In addition, 
the initial fissure caries on the occlusal surface was 
cleaned and sealed with a fissure sealant (ClinproTM 
Sealant, 3M ESPE Dental Products, St. Paul, MN, USA) 
(Figure 1J). The restoration and sealants were subse-
quently checked and adjusted for any occlusal discrepan-
cies with articulating paper. The occlusion was adjusted. 
Finally, the restorations and sealants were polished with 

a finishing and polishing system Sof-lex Finishing and 
Polishing Kit (3M ESPE Dental Products, St. Paul, MN, 
USA). Post-operative bitewing radiography was performed 
to check the restoration (Figure 1K). The caries risk of the 
patient was high. Therefore, the patient was asked to make 
a recall visit three months later. Caries activity and risk 
factors were re-evaluated. Clinical examinations were per-
formed, and the restoration was checked for marginal 
integrity, marginal adaptation, color, retention, and occlu-
sion (Figure 1L).

A B C

D E F

G H I

J K L

Figure 1 Steps of restoration in Tooth 24. (A) Preoperative image of 24; (B) Preoperative radiographic image of 24; (C) Removal of carious enamel and dentine; (D) 
Placement of glass ionomer cement liner; (E) Injection of flowable composite into the floor of the cavity; (F) Construction of the distal proximal wall; (G) Removal of the 
sectional matrix; (H) Filling the cavity using the incremental technique; (I) Reconstruction of the morphology of 24; (J) Sealing the micro-cavitated occlusal fissure caries with 
a fissure sealant; (K) Postoperative bitewing radiograph; (L) Postoperative image taken three months after the restoration.
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Case 2: Tunnel Preparation with Resin 
Composite Restoration
A 36-year-old female patient was complaining about an 
uncomfortable feeling in the maxillary posterior area on the 
right. A clinical examination found cavitated enamel caries in 
the fissure area of the occlusal surface of her upper second 
premolar. The marginal ridge was not involved (Figure 2A). 
A bitewing radiograph showed that the carious lesion was 
undermined from the occlusal surface to the mesial proximal 

surface. The middle third of the dentine was involved (Figure 
2B). The examinations indicated dentine caries (ICDAS 4) 
on the occlusal surface and mesial proximal surface. The 
patient’s informed consent for the dental treatment, the pub-
lication of the clinical photos, and the publication of the case 
report were obtained before the treatment. No institutional 
approval was required to publish this case report.

A rubber dam (Dental dam, Coltene, Cuyahoga Falls, 
OH, USA) was used to isolate the operating field. Access 

A B C

D E F

G H I

J K L

Figure 2 Steps of tunnel restoration in Tooth 15. (A) Occlusal view of 15 before operation; (B) Right bitewing radiography; (C) Occlusal view of the access to the mesial 
proximal caries; (D) Lateral view of the access to the mesial proximal caries; (E) Occlusal view of the cavity after caries removal; (F) Lateral view of the cavity after caries 
removal; (G) Restoration of the proximal wall of the cavity; (H) Selective acid-etching on enamel; (I) Bonding agents were applied to the cavity; (J) Restoration of the 
occlusal cavity; (K) Postoperative bitewing radiograph; (L) Occlusal view after three months.
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to the caries on the mesial proximal surface was achieved 
through the fissure area of the occlusal surface (Figure 2C 
and D). The carious tissue was removed from the occlusal 
assess with the bur oriented mesially. Infected dentine with 
soft texture was removed and firm affected dentine was 
remained. Thus, a tunnel under the mesial marginal ridge 
was built. The mesial marginal ridge remained intact 
(Figure 2E and F).

A Tofflemire matrix system (Original Tofflemire® 

Matrix Band, Water Pik, Inc, CO, USA; Tofflemire® II 
Retainers, Water Pik, Inc, CO, USA) was placed on the 
premolar, and a wooden wedge was inserted from the 
palatal embrasure between teeth 14 and 15. The mesial 
proximal wall of the cavity was restored using a two-step 
self-etching bonding system (Scotchbond TM Etchant, 3M 
ESPE Dental Products, St. Paul, MN, USA; Scotchbond 
TM Multipurpose Adhesive System, 3M ESPE Dental 
Products, St. Paul, MN, USA) and resin composite 
(Figure 2G). Selective acid-etching on the enamel was 
performed using 37% phosphate acid (Scotchbond TM 
Etchant, 3M ESPE Dental Products, St. Paul, MN, USA) 
on the enamel wall of the cavity for 15 seconds, and then, 
the acid was rinsed thoroughly (Figure 2H). The tooth was 
partially dried with oil-free air. A universal bonding agent 
was then applied (Figure 2I) and light cured. The occlusal 
cavity was restored using composite (Filtek TM Z250 
Resin Composite, 3M ESPE Dental Products, St. Paul, 
MN, USA) and the incremental layering technique 
(Figure 2J). Bitewing radiography was performed after 
the restoration process to check the marginal status of 
the restorative material (Figure 2K). The patient was 
checked three months later, at which time the caries activ-
ity and risk were reassessed. Clinical photos of the 
restored tooth were taken (Figure 2L).

Discussion
Rational Behind Box-Only Restoration 
with Fissure Sealing
The advantage of the box-only preparation in Case 1 is that 
it exhibits the maximum conservation of tooth hard tissues 
compared with a traditional proximal (Class II) restoration. 
A classical posterior proximal restoration requires the pre-
paration of an occlusal box with a dovetail outline form and 
a proximal box with the clearance of contact with the adja-
cent teeth. The occlusal cavity is extended through the 
fissures to the central pits to prevent the further development 
of carious lesions.7 The excessive removal of sound tooth 

structure weakens the tooth, rendering it more susceptible to 
failure, fracture, and cracks. The box-only preparation fol-
lows the principle of minimally invasive preparation and of 
avoiding the excessive removal of dental hard tissue.

Occlusal caries was sealed with fissure sealant to prevent 
unnecessary tissue removal in the occlusal surface of the 
tooth. Dental fissure sealing can slow down the repeat 
restoration cycle of a tooth by avoiding having to place 
a restoration.4 It is a non-invasive and non-restorative 
approach that could preserve dental hard tissue by avoiding 
the unnecessary removal of caries lesions. It is effective in 
the prevention and management of non-cavitated caries.8 In 
addition, fissure sealants are proven to be effective in the 
management of micro-cavitated caries.9 A systematic review 
showed the effectiveness of fissure sealants in the manage-
ment of dental caries and in the control of a bacterial 
infection.10 A clinical study applied fissure sealant on occlu-
sal caries (ICDAS code 0 to 4) on permanent molars of 
children and found that the sealants were 100% effective at 
12 months and 98% effective up to 44 months.9

Rational Behind Tunnel Preparation with 
Resin Composite Restoration
Apart from being conservative, tunnel preparation pre-
serve the marginal ridge, which is important for protecting 
the restored tooth from fracture.11 The resistance of the 
restored tooth to fracture would be similar to that of 
a sound tooth if the tooth were appropriately prepared.12 

Studies showed that the preservation of the marginal ridge 
played a significant role in maintaining the integrity of the 
tooth structure. The removal of the marginal ridge leads to 
liability for fracture under normal masticatory forces.13–16

A tunnel preparation filled with posterior composites 
demonstrated a better marginal adaptation than glass iono-
mer cements, metal-reinforced glass-ionomer-cements, or 
amalgams dud.17 A study by Kinomoto et al showed that 
a two-year clinical success rate of composite tunnel restora-
tions was 96%, which was not significantly different when 
compared with a conventional composite restoration.18

There have been controversial comments on the tunnel 
technique due to the different success rate reported in 
previous studies.18,19 This may be explained by the high 
technique sensitive of tunnel restoration. A previous study 
found that the dentist’s skill played a significant role in the 
success of tunnel restorations.20 A high success rate was 
found in tunnel restorations performed by an experienced 
dentist.18,21 In addition, the significant advances in dental 
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instruments including handpieces emerging with light- 
emitting diodes and high-magnification dental loupes 
enhance intraoral visibility.

Potential Problems in the Operative 
Procedure and Their Solutions
In the removal of a carious lesion, the incidence of the 
inappropriate removal of dental hard tissue is high. The 
removal of healthy enamel or dentine was not favorable in 
both of the current cases. In the preparation of the prox-
imal box in Case 1, the excessive removal of dental hard 
tissue could have occurred. This might have increased the 
risk of tooth fracture. In the preparation of the tunnel in 
Case 2, an enamel fracture would have occurred if the 
cavity preparation had been too close to the marginal ridge 
(less than 1.5 mm).12 On the other hand, the preparation 
would have removed excessive dentine if 3.5 mm of the 
marginal ridge had been retained. The resulting tunnel 
preparation could have been more prone to fatigue crack 
growth.16 A study showed that 2.5 mm of the marginal 
ridge is the critical amount for the success of a tunnel 
preparation. The strength of the tooth with this amount of 
a marginal ridge would be comparable to that of a sound 
tooth.12 Therefore, the precise removal of carious tissues 
was difficult but essential in both cases.

To prevent unwanted enamel/dentine removal in the 
cavity preparation, we suggested that three essential con-
ditions should be achieved in the operation process, 
including a clear operation field, strict moisture control, 
and suitable magnification. A clear operation field was 
created via the removal of supra-/sub-gingival plaque, 
debris, and calculus before the operative intervention, as 
well as the application of a rubber dam. The placement of 
the rubber dam isolated the carious tooth from the other 
teeth. It helped to keep saliva and blood from contaminat-
ing the operating area during treatment. Previous studies 
showed that a rubber dam might actually increase the 
lifespans of dental restorations.22 The placement of 
a rubber dam not only improves visibility during operative 
procedures but also it helps with moisture control. Poor 
moisture control increases the risk of secondary caries, the 
early dislocation of the restoration, and the need for redo 
a restoration,4 which enlarges the cavity and increases hard 
tissue loss.5 Thus, strict moisture control is one of the key 
factors affecting the longevity of the composite restora-
tions. Suitable magnification could be achieved by using 
magnifying loupes or microscopes. These devices could 

improve the operator’s ability to visualize the extent of the 
lesion.23 Thus, more precise caries removal and better 
cavity preparation were possible. In addition, the use of 
magnifying loupes was helpful in reducing the formation 
of marginal overhangs in up to 40% restorations of prox-
imal cavities.24 Another approach to reduce the risk of the 
unwanted enamel/dentine removal is to treat the proximal 
caries with resin infiltration. The merge of resin infiltration 
and tunnel preparation is possible to preserve both the 
marginal ridge and the proximal contact of the tooth.25

Another potential problem is the damage of vital pulp 
in the preparation and restoration process. The occurrence 
of pulp irritation or pulp exposure is common when one is 
restoring deep carious lesions. In both cases, caries 
extended to the dentine close to the vital pulp. The possi-
bility of pulp damage was high in the process of caries 
removal and cavity restoration.

We used different strategies to prevent this problem in 
the two cases based on the extension of the caries. In Case 
1, after the removal of all caries-infected dentine, the 
thickness of the remaining dentine was approximately 
0.5 mm to 1.5 mm. Therefore, we used a resin-modified 
glass ionomer cement liner as indirect pulp capping 
according to a previous recommendation.26 The layer of 
the resin-modified glass ionomer cement not only acted as 
a protective barrier for the pulp but also it released fluor-
ide ion, which enhanced the remineralization of the caries- 
affected dentine. In Case 2, the risk of pulp damage 
mainly came from the preparation of the tunnel. As the 
tunnel was prepared from the occlusal surface and angled 
to the proximal surface without a direct view, well control 
of the orientation of the bur according to the radiographic 
examination is the key to protect the pulp.

Resin composite was used as the restorative material in 
these two cases to support minimal cavity design. 
However, the polymerization shrinkage of the resin com-
posite results in the formation of inner stresses, which 
might cause cuspal deflection, strain at the margins, con-
traction gaps, and microleakage.27 All of these may lead to 
marginal staining, post-operative sensitivity in the patient, 
the occurrence of secondary caries, and restoration 
failure.28

To reduce the inner stress resulting from the polymer-
ization shrinkage of resin composite, we used the oblique 
incremental restoration technique to restore the cavity. 
This is a technique used to place the composite incremen-
tally to ensure maximum polymerization and to reduce the 
adverse effects of polymerization shrinkage. The resin 
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composite increment was built obliquely because the obli-
que incremental technique reduced residual shrinkage 
stress along the tooth/composite interface compared with 
the horizontal incremental technique.29 A study showed 
that composite restored with the incremental technique 
presented a higher bond strength compared with that 
restored with the bulk-fill technique.30

In addition, we used a revised sandwich technique in 
Case 1 to reduce the microleakage stemming from the shrink-
age stress of resin composite. A traditional sandwich techni-
que was to place resin composite over a resin-modified glass 
ionomer cement material. The polymerization shrinkage 
stresses might be reduced due to the favorable elastic mod-
ulus of the resin-modified glass ionomer cement.31 The mar-
ginal seal of the resin-modified glass ionomer cement was 
related to the viscosity of the material and to the application 
technique. A study showed that the traditional sandwich 
technique using resin-modified glass ionomer cement with 
resin composite leads to more leakage than that using flow-
able resin composite does.32 Therefore, we covered the resin- 
modified glass ionomer cement liner and the floor of the 
cavity with a layer of flowable resin composite. Flowable 
composites showed more stress-buffering capacity and an 
improved marginal seal than hybrid resin composites did. 
More importantly, it would not reduce the retention of resin 
composite restorations.33

Conclusion
This article reports and discusses two clinical cases of 
restoring proximal caries. Conservative cavity design was 
executed in the restorative procedures to embrace the 
principle of minimal intervention dentistry. The advan-
tages and disadvantages of the restorative techniques 
should be taken into consideration when making treatment 
plans. Attentions need to be paid to the potential problems 
which may influence the long-term prognosis of cavity 
restoration.
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