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A B S T R A C T

Deep caries treatment is associated with the loss of hard dental tissue and pain during debridement of the cavity 
and is very time-consuming. Traditional management (complete caries removal) is associated with high compli-
cation rates. In order to reduce the number of problems, other methods can be used such as stepwise excavation, 
partial caries removal and cavity restoration during the same visit, and no dentinal caries removal. The aim of this 
paper is to compare the efficacy of five deep caries treatment methods based on the literature. It describes com-
plete caries removal, indirect pulp treatment, stepwise excavation, 1-visit partial caries removal and no dentinal 
caries removal. The work focuses on methods which are minimally invasive in relation to hard dental tissues and 
ensure maximum protection of vital dental tissue. The present study suggests the need to limit complete cavity 
preparation in the treatment of deep caries, especially at the developmental age. Such an approach decreases the 
risk of pulp exposure and substantial loss of hard dental tissue to improve the conditions of secondary dentin 
formation.
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INTRODUCTION

Dental caries is one of the most common diseases in 
the world. Its treatment is associated with the loss of den-
tal tissue, pain and dental anxiety [1, 2]. Despite the pos-
sibility to use various treatment methods, most dentists 
choose traditional management which involves complete 
removal of  carious dentine and cavity restoration. This 
method is associated with a  high rate of  complications 
involving pulp exposure, particularly during the develop-
mental age, due to the structure of the teeth in this peri-
od. The  pulp chamber is large and the  dentinal tubules 

are wide in diameter, which causes rapid caries progres-
sion. In  order to reduce the  number of  complications 
and pain, as well as, importantly, preserve teeth with vital 
pulp, other methods can be used such as stepwise excava-
tion, partial caries removal and cavity restoration during 
the same visit, and no dentinal caries removal combined 
with the use of steel crowns, particularly in multi-rooted 
deciduous teeth [2-8].

The aim of the paper is to compare the efficacy of five 
deep caries treatment methods based on the  literature. 
The work focuses on methods which are minimally in-
vasive for hard dental tissues and ensure maximum pro-
tection of vital dental pulp.
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CONVENTIONAL TREATMENT 

The treatment of deep carious cavities often involves 
complete removal of carious lesions and demineralized 
dentine during a  single visit. This is the  conventional 
approach to caries treatment. Such procedures are of-
ten associated with iatrogenic or caries-induced pulp 
exposure, which is particularly likely in the case of pri-
mary and young permanent teeth. The technique is also 
associated with substantial tissue loss, long duration 
of the procedure and the need for anaesthesia [6, 9, 10].

A four-year randomised study comparing glass ion-
omer cement with a composite showed a similar thera-
peutic effect after conventional treatment. Equia Fil and 
Gradia Direct Posterior were used to fill 140 Black class 
I and II cavities. The shape of restoration, the presence 
of secondary caries, postoperative sensitivity and dental 
filling colour were assessed [11].

Leksell et al. [10] observed treatment failure involv-
ing pulp exposure in 40% of  cases for complete caries 
removal compared to 17.5% for stepwise excavation. 
The study focused on first permanent molars. The use 
of direct pulp capping or partial pulpotomy in such cas-
es was successful in 31.8% and 34.5% of patients, respec-
tively, after one year from treatment [12]. Pulp necrosis 
developed in 44.5% of cases within 5 years and in 79.7% 
of  teeth within 10 years after direct pulp capping [13]. 
In such cases, endodontic treatment or tooth extraction 
is necessary. Based on a meta-analysis of 10 studies in 
1257 participants, there was a significantly reduced risk 
of  pulpal complications after incomplete versus com-
plete excavation [14].

INDIRECT PULP TREATMENT

This well-known approach, also referred to as in-
direct pulp capping, is based on the theory of  infected 
and affected dentin. The infected tissue consists of a soft 
layer of dentin adjacent to the cavity and is composed 
of damaged collagen fibres that cannot be remineralised. 
The  deeper affected layer contains uninfected intact 
collagen fibres and can be remineralised. The operator 
leaves a thin layer of demineralised dentin with signifi-
cantly fewer bacteria to avoid pulp exposure. In the next 
step, the  dentin is covered with a  biocompatible liner 
such as zinc oxide, calcium hydroxide or, recently, glass 
ionomer cement (GIC) to prevent the dentin-pulp com-
plex. This is followed by restoration [3, 15-17]. Indirect 
pulp treatment (IPT) and pulpotomy are both recom-
mended by the American Academy of Pediatric Dentist-
ry for the treatment of deep caries in primary teeth [4].

This procedure obviously requires an  experienced 
operator as it is difficult to decide how much dentin 
should be removed. Several methods of varying effica-
cy have been developed to distinguish between infect-
ed and affected tissue. When applying caries disclosing 

dyes, the sound dentin is stained as well, leading to mis-
interpretation. Some authors make use of  the  fact that 
only infected tissue is painless, while demineralized tis-
sue is tender to invasive treatment. However, some pa-
tients require anaesthesia [6].

Rosenberg et al.  [3] treated deep carious lesions in 
primary molars with the  IPT technique using a  res-
in-modified glass-ionomer liner. Liner application was 
preceded by cavity disinfection with 2% chlorhexidine 
gluconate. Finally, the cavities were filled with compos-
ite or the teeth were restored with stainless steel crowns. 
After clinical, radiographic and photographic examina-
tion, the success rates were as follows: 100% at 3 months, 
98% at 6 months and 97% of  teeth at 12-month fol-
low-up. Interradicular pathology was considered a ther-
apeutic failure [3]. The same method with the use of GIC 
and calcium hydroxide cement as an  indirect dentin 
liner was assessed in primary teeth. After a  minimum 
observation period of  four years, the therapy was con-
sidered satisfactory, with success rates of 93% and 89%, 
respectively [17]. Some authors have been trying to pre-
vent the dentin-pulp complex by means of an adhesive 
resin system appliance. They noted a 93% success rate 
vs. 80% for teeth treated with calcium hydroxide liner. 
The observation was made at 2- to 5-year follow-up in 
relation to the time when the first part of the study was 
finished. The  first part ended after a  2-year follow-up 
period, when some of  the children failed to report for 
a follow-up, and thus did not participate in the second 
part of  the  study. Histological evaluation of  exfoliated 
teeth treated with the adhesive method showed sound 
pulp with the  features corresponding to the  develop-
ment stage [16].

Opal et al.  [18] classified stepwise excavation and 
partial/incomplete caries removal as the IPT approach. 
In the present study, these two methods are considered to 
be based on a different treatment philosophy. The dentin 
remaining after partial caries removal is more likely to 
become demineralised and infected. 

STEPWISE EXCAVATION

During the  first visit, carious dentine is complete-
ly removed from the  walls of  the  cavity. Disintegrated 
dentine is also removed, with carious lesions being left 
at the  bottom of  the  cavity. Subsequently, the  cavity is 
rinsed with distilled water, dried with sterile absorbent 
points and filled with a  temporary material, i.e. zinc 
oxide with eugenol or GIC, for 1-6 months. Some re-
searchers recommend applying calcium hydroxide 
base material over the demineralised dentin. The seal-
ing of  the  initially prepared cavity deprives bacteria 
of the substrate they need to live. This reduces the num-
ber and diversity of bacteria, changes pH and, as a re-
sult, stops caries progression. Due to reduced harmful 
stimulation of the pulp, tertiary and sclerotic dentine is 
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formed. Properly formed dentine is a decisive factor for 
the protection against pulp exposure. Also, the closure 
of dentinal tubules in the form of sclerotic dentin pre-
vents caries progression. The newly formed tertiary den-
tine can be observed non-invasively on radiographs as 
a higher radiopacity area [9, 10, 12, 19]. This is evidence 
for the ability of the pulp to defend itself using biological 
mechanisms.

At the  second visit after 1-6 months, the  cavity is 
reopened, completely excavated and filled with a  per-
manent restoration. Some researchers reported no pro-
gression of caries even after a 10-year period of observa-
tion [9, 10, 12, 19].

Following partial removal of carious dentine, a sta-
tistically significant decrease of anaerobic bacteria and 
Streptococcus mutans is observed compared to com-
plete caries removal during a  single visit  [20]. A  re-
cent study demonstrated that treatment success after 
use of  this method in permanent teeth was achieved 
in 74.1% of  cases compared to 62.4% in the  group of 
patients treated with direct complete excavation after  
12 months of  follow-up. Pulp exposure was identified 
in 17.5% of  teeth treated with stepwise excavation and 
28.9% of teeth after complete caries removal. The differ-
ence was significant  [12]. In  the  next research, 1-visit 
indirect pulp therapy (IPT), 2-visit IPT and complete 
caries removal were performed in primary and young 
permanent molars. Calcium hydroxide was used for in-
direct pulp capping during the  first or the  second fol-
low-up after partial caries removal at the first visit. Ther-
apeutic success was estimated at 3-month intervals up 
to 12 months after treatment. Pulp exposure was found 
in 6% of teeth treated with the 1-visit method, in 8% in 
2-visit therapy and in 22% of completely cleaned teeth. 
The remaining teeth were monitored with success rates 
of 100%, 98% and 95% respectively, for these three treat-
ment methods [6]. 

The concept of  stepwise excavation is helpful in 
non-cooperative and disabled children with severe ram-
pant caries. It allows reduction of  the  number of  bac-
teria in the  oral cavity in a  short treatment time. Fol-
lowing partial caries removal, the  interim therapeutic 
restoration (ITR) is placed in all of  the  carious teeth. 
In  the  next step, pulpal status is determined and final 
cleaning is recommended due to the possible patient co-
operation. After IPT or pulpotomy, a permanent filling 
is applied. The retrospective study assessed two different 
treatment methods, vital pulp therapy (VPT) vs. ITR. 
The first group of primary teeth was treated by total car-
ies removal followed by VPT-IPT or a pulpotomy proce-
dure. In the second group, ITR was performed first and, 
after an appropriate mean follow-up time of 3.2 months, 
IPT or pulpotomy was performed. For the VPT group 
the  following criteria for failure were applied: postop-
erative pain, abnormal mobility, presence of  a  sinus 
tract, gingival swelling and periapical radiolucency on 
radiograph. For the ITR group, treatment failure was ob-

served when the symptoms of irreversible pulpitis were 
diagnosed. Success rates were 94% for ITR versus 78% 
for VPT [4].

PARTIAL/INCOMPLETE CARIES REMOVAL 

Another method involves partial removal of  cari-
ous dentine and cavity restoration during the same vis-
it. Lesions are completely removed from the walls and 
only disintegrated dentine is removed from the bottom 
of  the  cavity. The  cavity is rinsed using distilled water 
and dried with sterile cotton wool balls. The  cavity is 
then filled using the closed sandwich technique or GIC 
only. The primary aim of such cavity management is to 
preserve vital pulp by reducing the  risk of  iatrogenic 
complications during caries removal because pulp expo-
sure was more common during the second visit of step-
wise excavation  [14]. This approach is also based on 
the reducing effect of the lack of available substrates on 
bacterial metabolism, which was proved experimentally. 
Maltz et al. [9] revealed increased dentin hardness and 
a decreased number of bacteria after a 7-month exper-
imental period in most cases of partial caries removal, 
which is evidence for arrested caries. 

In this method, it is important to properly diagnose 
the condition of the pulp as it is possible to use the pul-
pal defensive potential provided that the pulp is healthy 
or even reversibly inflamed. Correct diagnosis can only 
be made based on clinical manifestations such as pos-
itive reaction to pulp vitality tests, the absence of pain  
on percussion, no history of  spontaneous pain and 
the  absence of  periapical lesions on the  radiograph. 
The method is presented by the authors in photographs 
(Figures 1 and 2).

A comparative review of studies on partial vs. com-
plete caries removal reported a 77% decrease in the risk 
of  pulp exposure for partial caries removal  [21]. Ran-
domised studies conducted by Maltz et al. [22] compared 
partial caries removal with stepwise excavation. The per-
manent molars included in the treatment had deep car-
ious lesions with one-half or more of dentine loss seen 
on radiographs. The study included 299 teeth of individ-
uals aged 6-53 years, regardless of gender or the num-
ber of restored surfaces. After 18 months, the treatment 
success rate for 212 cases was 99% and 86% after par-
tial caries removal and stepwise excavation, respectively. 
A  complication in the  form of  irreversible pulpitis oc-
curred in one patient after partial caries removal, while 
stepwise excavation involved eight cases of  irreversible 
pulpitis, four cases of pulp necrosis and one case of os-
teitis. Based on these results the  researchers concluded 
that the remaining caries left at the cavity bottom does 
not affect pulp vitality. Therefore, it is not necessary 
to reopen the  cavity to complete its excavation  [22]. 
Similar results were presented in comparative studies 
on the  two methods after a  3-year follow-up period. 
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The  study included 299 permanent molars with deep 
carious lesions. The  teeth were positive to ethyl chlo-
ride, were negative to percussion, there was no history 
of spontaneous pain and there were no radiographic ab-
normalities. Teeth with lost cusps or subgingival caries 

were not taken into account. Partial caries removal was 
performed in 152 teeth. After the administration of an-
aesthesia and the placement of a dental dam the cavity 
was accessed using a  diamond bur. Subsequently, car-
ious dentine was removed from the  cavity walls using 
a  slow-speed drill. Caries was partially removed from 
the bottom using hand excavators. The cavity was rinsed 
with distilled water, dried and filled using the  closed 
sandwich technique – GIC with amalgam or compos-
ite. Stepwise excavation of  caries was performed in  
147 teeth. After partial removal of  caries, calcium hy-
droxide was applied to the  teeth. The  cavity was tem-
porarily filled with zinc oxide with eugenol for 60 to  
120 days. After this period, the remaining carious dentine 
was removed and the cavities were permanently restored. 
After three years, there were 213 teeth left in the study. 
The  treatment was considered successful if the  teeth 
positively reacted to cold, there was no spontaneous 
pain, the  teeth were negative to percussion and there 
were no radiographic abnormalities. Success rates were  
91% for partial caries removal and 69% for stepwise exca-
vation. This study also confirmed that it is not necessary 

FIG. 2. A) Radiograph after treatment and cavity res-
toration in the tooth shown in Figure 1 – a thin layer 
of demineralized dentin under the glass ionomer ce-
ment filling is seen. B) Two-year follow-up radiograph – 
no progression of caries is noted and the newly formed 
secondary dentin is present

FIG. 1. A) Deep caries management of primary maxillary 
left second molar with incomplete 1-visit caries remo-
val – after debridement of disintegrated dentin. B) Deep 
caries management of primary maxillary left second mo-
lar with incomplete 1-visit caries removal – cavity filled 
with Fuji Triage (GC, Japan). C) Deep caries management 
of primary maxillary left second molar with incomple-
te 1-visit caries removal – follow-up image after 2 years 
of observation

A

B

C

B

A
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to reopen the cavity in order to remove the remaining  
caries [23].

Partial caries removal is associated with the biomi-
metic approach to dental treatment. It is a new method 
which replaces “prepare and restore” with the “seal and 
treat” idea. This method takes advantage of  the defen-
sive abilities of  the  pulp and the  mineralisation effect 
of  glass ionomer materials. Active caries constitutes 
an  imbalance between demineralization and reminer-
alisation with the ultimate loss of minerals such as cal-
cium and phosphates. The goal of biomimetic dentistry 
is to restore the disturbed balance by supplying the lost 
minerals to the cavity using a glass-ionomer filling. Be-
fore the filling is applied, the partially excavated cavity 
should be disinfected with 1% sodium hypochlorite, 
filled with glass ionomer material and light-cured in or-
der to achieve improved properties of the material and 
accelerate bonding owing to the light’s heat. After light 
curing, there is no need to apply a liquid coating in order 
to protect the glass ionomer filling. 

Atraumatic restorative treatment (ART) is one 
of  the  current treatment options for non-cooperative 
patients or practices without appropriate dental equip-
ment. Partial caries removal using only hand instru-
ments is performed according to the concept of minimal 
intervention. This mostly painless method allows anxiety 
and treatment duration to be reduced. GIC is the mate-
rial of  choice for this technique. Its properties such as 
biocompatibility, good sealing to the enamel and dentin, 
as well as fluoride release and uptake, are of the utmost 
importance [1, 2, 7, 24-26]. The efficacy of ART was es-
tablished in 6-7-year-old children with class I and II cav-
ities of primary molars. Success rates after a 12-month 
follow-up were 50.6% and 15.2% for class I and II, re-
spectively, and were relatively low in comparison with 
the  studies cited in the  literature. The  main reason for 
failure was total or partial loss of restoration [1]. It is diffi-
cult to evaluate the technique when class II cavities are in-
cluded in the study. A high number of class II restorations 
are often lost in primary dentition. Insufficient caries 
removal may not be the only cause of failure [1, 26-28].  
In another one-year follow-up study, a comparable anal-
ysis of 2 different glass ionomer cements placed in pri-
mary molars was conducted. Success rates for materials 
for class I restorations were 97.4% and 94.9%. Survival 
rates for class II restorations were 95.1% and 88.5%. Also, 
no caries was detected as all of the intact pits and fissures 
had been sealed with glass ionomer [7]. 

One- or two-step partial caries removal techniques 
are primarily intended for developing teeth due to 
the greater potential of  the pulp to produce reparative 
dentin. The  older the  patient, the  more fibrous pulp 
there is, as well as decreased blood supply with reduced 
regeneration potential of  the  pulp  [18]. Furthermore, 
an  assessment of  the  degree of  excavation is a  major 
problem. A  misinterpretation may lead to incorrect  
diagnosis [14].

NO DENTINAL CARIES REMOVAL/HALL 
TECHNIQUE

The Hall technique is the method of managing car-
ies without using rotary instruments and local anaes-
thesia. It is recommended for primary molars where 
caries involves two or more surfaces. Decay is arrest-
ed under preformed metal crowns without any caries 
removal. The  metal crown is filled with glass ionomer 
luting cement. If the cavity is large, some glass ionomer 
can be placed at the base of the cavity before cementing 
the crown [29, 30].

Comparative research on conventional treatment 
versus no caries removal in asymptomatic deciduous 
molars was conducted. Steel crowns were used in teeth 
without any caries removal. In this study, improved pul-
pal status and restoration durability were observed in 
the study group after a minimum of 23 months of  fol-
low-up. It was also noted that 77% of children preferred 
to have steel crowns fitted without caries removal [30]. 
Clinically and radiographically successful results were 
also obtained in another study with the  same tech-
nique used in primary molars. The clinical success rates 
of 98.9% and 97.4% were noted after a mean follow-up 
time of 9.9 and 20.1 months, respectively [29]. Another 
study concerned permanent teeth with class I cavities, 
which were restored using a  composite material. This 
study also did not find any differences between the study 
group and the  control group in terms of  the  occur-
rence of irreversible pulpitis or filling loss after a 2-year  
follow-up [31].

CONCLUSIONS

The present study suggests the need to limit complete 
preparation of the cavity in the treatment of deep caries. 
Such management is associated with the risk of pulp ex-
posure, involves substantial hard dental tissue loss and 
is time-consuming, which additionally increases dental 
anxiety.

Stepwise excavation seems to have more drawbacks 
than advantages. Indeed, temporary cavity restoration 
aims to reduce the number of bacteria and turn an ac-
tive carious lesion into an  inactive lesion. An  inactive 
cavity is dry, hard and darker in colour. However, during 
further caries removal at the second visit pulp injury of-
ten occurs. Other disadvantages of this method include 
the possible loss of  the  temporary filling, higher treat-
ment costs and the risk of the patient’s failure to report 
for another visit. It therefore seems reasonable to use less 
invasive techniques.

Partial caries removal spares hard dental tissues and 
reduces the risk of pulp injury. The procedure is short-
er and less painful. Protecting hard tissues and the pulp 
of  the  tooth from injury prolongs its vitality. The  de-
velopment of a permanent tooth with an open apex is  
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undisturbed. Uncertain and costly endodontic treat-
ment, which is often impossible to perform, particularly 
in children (lack of cooperation, long-lasting procedure, 
difficult access due to insufficient opening of the mouth, 
multi-rooted teeth with uncompleted development), can 
be avoided. Finally, tooth extraction can also be avoided, 
thus eliminating the risk of masticatory system abnor-
malities both in children and adults. Shorter treatment 
duration, and reduced pain and costs, render the proce-
dures more pleasant, which contributes to patient satis-
faction.

No dentinal caries removal combined with the  use 
of  steel crowns does not affect the  risk of  irreversible 
tooth inflammation. Steel crowns are more durable than 
ordinary fillings and children prefer this method to tra-
ditional caries removal. However, the method is general-
ly recommended only for non-cooperative patients.
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