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ABSTRACT
Purpose: The purpose of this study was to evaluate the characteristics of primary molar 
dentin after indirect pulp capping (ICP) by of color, consistency and microhardness 
analyses. 
Methods: The study design consisted of 3 groups: a test group of 13 primary molars that 
had been submitted to ICP with either calcium hydroxide or resin-modified glass ionomer 
cement; a positive control group of 15 sound molars; and a negative control group of 15 
molars with deep acute carious lesions. The test group teeth had their restorations and 
pulp-capping materials removed and their cavity depth measured (mean depth=3-4 mm). 
In the positive control group, 3- to 4-mm-deep cavities were prepared. In the negative 
control group, the infected dentin was removed following the same parameters used for 
dentin excavation in a previous study by the authors. In all groups, the remaining dentin 
was analyzed according to descriptive standards (consistency and color). Microhardness was 
performed by a calibrated examiner blinded to the groups. Data were analyzed statistically 
by 1-way analysis of variance and Tukey’s test (P<.01). 
Results: The dentin of all teeth in the test group became hard. Nine teeth had yellow-
clear dentin, and 4 teeth had dark-brown dentin. Microhardness means (±SD) were: test 
group=40.81 (±16.28) KHN (Knoop hardness number); positive control group=62.73 
(±11.24) KHN; and negative control group=19.15 (±6.99) KHN. Microhardness assess-
ment showed no statistically significant differences (P<.01) among the groups.
Conclusion: This study’s results suggest a mineral gain by the affected dentin after IPC, 
regardless of the protective base material.
(J Dent Child 2008;75:295-300)  
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Indirect pulp capping technique (IPC) is well-docu- 
mented as a conservative treatment of the dentino-
pulpar complex. IPC may be a definitive treatment 

for the primary dentition, as primary teeth have a defined 

biological cycle in the oral cavity. Studies1,2 conducted 
to improve the understanding of the histopathology of  
dentin carious lesions have shown evidences that IPC can 
be completed in a single clinical session. The satisfactory 
clinical and radiographic findings of previous studies with 
primary teeth support the choice for a one session treatment, 
which means no need to reopen the capped tooth within 
nearly 3 months.2-10 

The findings of previous investigations have shown 
that calcium hydroxide does not have different clinical, 
radiographic, microbiological, or ultrastructural outcomes 
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from those of inert materials, such as gutta-percha and wax. 
This implies that the success of the IPC does not seem to 
be dependent on the material placed in contact with the 
demineralized remaining dentin.1,9 

Particularly in pediatric dentistry, resin-modified glass 
ionomer cements (RMGICs) may act simultaneously as 
base and restorative materials because of their ease of han-
dling, advantageous mechanical characteristics compared 
to conventional glass ionomer cements (GICs), and high 
success rates when used as IPC materials.10,11 

In addition to data relative to the increase of consistency 
suggestive of remineralization of the remaining dentin,4,9,12-14 
studies have described dentin remineralization after partial 
removal of carious tissue based on the increase of calcium2 
and phosphorus1 content. Nevertheless, this information is 
restricted to these 2 elements evaluated within a short time 
interval after the procedure (approximately 3 months), and 
little is known about the actual mineral gain. This study’s 
purpose was to evaluate the characteristics (color, consis-
tency, and microhardness) of the dentin of primary molars 
submitted to IPC with either calcium hydroxide or RMGIC 
after an average time of 3 years, 8 months.

METHODS
SPECIMENS
This study comprised 3 groups. The test group was taken 
from a previous study of our research team10 that included 
27 primary maxillary and mandibular molars of 17 children 
submitted to IPC. Of these, 12 were capped with calcium 
hydroxide-based cement (Dycal, Dentsply/Caulk, Milford, 
Del) and restored with composite resin (Z250, 3M/ESPE, St. 
Paul, Minn), and 15 were capped and restored with RMGIC 
(Vitremer, 3M/ESPE). From the 22 teeth in which clinical 
and radiographic success was observed by Marchi et al,10 only 
13 teeth were included in the present study because 3 teeth 
exfoliated without being collected by the patient, 5 teeth 
have not exfoliated at the present time, and 1 tooth was lost 
due to the patient’s family moving away from the contact 
address. These teeth were in the final phase of physiological 
root resorption. They underwent either natural exfoliation 
(each patient received a receptacle containing 5 mL sterile 
saline to keep the tooth, which was stored for up to 6 months) 
or extraction due to advanced physiological root resorption 
or orthodontic purposes based on a clinical-radiographic 
diagnosis. These 13 teeth, which had had clinical and radio-
graphic success after an average follow-up period of 3 years, 
8 months in the study by Marchi et al,10 were selected as the 
test group. The positive control group consisted of 15 sound 
primary maxillary and mandibular  molars, and the negative 
control group consisted of 15 primary molars with deep acute 
carious lesions diagnosed clinically and radiographically (these 
teeth were selected with the identical parameters used for the 
test group by Marchi et al10). The teeth in the positive and 
negative control groups were obtained after natural exfoliation 
or extraction for orthodontic reasons. 

All children involved in this study were enrolled in a 
dental care program that includes routine professional 
monitoring of their oral health status and their oral health 
is maintained until the present time. The patients’ parents/
caregivers were instructed about the purposes of the study 
and read and signed an informed consent form authoriz-
ing the donation of the primary teeth. The study protocol 
was approved by the Ethics in Research Committee of the 
Federal University of Rio Grande do Sul, Porto Alegre, Rio 
Grande do Sul, Brazil.

TOOTH PREPARATION 
In the test group, the restorations were removed from the 
teeth using spherical diamond burs (KG Sorensen, São Paulo, 
São Paulo, Brazil) at high-speed under continuous air/water 
spray cooling up to close to the cavity floor. For the teeth that 
had been capped with calcium hydroxide-based cement, the 
capping material was carefully removed with a periodontal 
probe with no pressure on the remaining dentin. For the 
teeth in which RMGIC had been used, most of the material 
was removed with the air/water-cooled high-speed spherical 
diamond burs. Close to the pulpal wall floor, a magnifying 
lens was used and the remaining material was removed using 
spherical carbide burs (KG Sorensen) at low-speed, always 
comparing the moistness difference between dentin surface 
and the capping material. A calibrated examiner evaluated 
the color and consistency of the dentin on the cavity floor 
according to the criteria defined by Miller and Massler15 and 
measured the depth of the cavities using sterile size 20 K-type 
files (Dentsply/Maillefer, Ballaigues, Switzerland).

In the positive control group, cavities were prepared in 
dentin with spherical diamond burs at high-speed under 
continuous air/water spray cooling up to a depth of 3 to 4 
mm, which was the average cavity depth observed in the test 
group teeth after removal of the restorations. In the negative 
control group, the carious tissue was removed according to 
the same IPC parameters followed in the test group.10 The 
same investigator that examined the test group’s cavities 
prepared the positive control group’s cavities and excavated 
the negative control group’s teeth.

The investigator was previously calibrated to warrant 
a reliable evaluation of the color and consistency of the 
remaining dentin on the cavity floor, according to Miller 
and Massler’s criteria.15 For such purposes, the investigator 
examined in vitro 20 primary maxillary and mandibular 
molars with active and inactive deep dentin carious lesions 
that were stored in saline and were not included in the 
study. Intraexaminer reproducibility was assessed by double 
diagnosis after 7 days and calculated using kappa statistics. 
Kappa values for color and consistency were 0.83 and 0.84, 
respectively.
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  Table 1.   Frequency Distribution of Color and Consistence in  
  the Test Group (N=13)  According to the Capping Material

Indirect capping 
material

Color Consistency

Light yellow Dark brown Soft Hard

Resin-modified glass 
ionomer cement (N=9) 8 1 0 9

Calcium hydroxide (N=14) 1 3 0 4

Total 9 4 0 13

SPECIMEN PREPARATION FOR 
MICROHARDNESS ASSESSMENT
All group specimens were embedded in autopoly-
merizing acrylic resin (Clássico Dental Products, São 
Paulo, São Paulo, Brazil) and were sectioned longitu-
dinally in a mesiodistal direction using a sectioning 
machine (Isomet 2000, Buehler, Lake Bluff, Ill) with 
a water-cooled 0.30-mm-thick diamond saw at low 
speed (3,500 rpm) and with a 250 g load. 

The sections were included in acrylic resin again 
and polished with water-cooled, 1,200-grit silicon 
carbide paper for 5 minutes in a polishing machine 
(Strues, Copenhagen, Denmark) with a load of 
100 N and speed of 150 rpm. Final polishing was 
done with a felt disc and a 0.5-µm diamond paste for 10 
minutes. The specimens were washed in running tap wa-
ter, labeled, and properly stored in closed receptacles with 
moist gauze. 

A microhardness tester (Micromet 2001, Buehler) with 
a Knoop diamond indenter was used with a 10-g load for 
15 seconds. Knoop hardness number (KHN) values were 
measured in 5 linear points. The first indentation was un-
dertaken close to the pulp chamber at a distance of 50 µm 
below the occlusal cavity floor. The other indentations were 
undertaken towards the dentinoenamel junction, keeping 
a distance of 25 µm between each point. The dentin in the 
center of the occlusal cavity or occlusoproximal cavity was 
examined. For each specimen, an average value was obtained 
from the 5 indentations, and the KHN for each group 
was calculated. A single examiner (nondentist), blinded to 
which group each specimen belonged, performed all mea-
surements. To warrant microhardness assessment reliability, 
the examiner was calibrated by performing 30 indentations 
in 6 primary molars (3 sound and 3 carious, not belong-
ing to the sample) within a 1-week interval, following the 
same criteria as those established for the present study. The 
reproducibility of the examiner was assessed by student’s t 
test, and no significant difference was found between the 
evaluations. 

Dentin color and consistency were evaluated according to 
descriptive criteria using a periodontal probe as light-yellow/
dark brown and soft/hard because none of the teeth showed 
consistency between hard and soft (leathery).15 Dentin mi-
crohardness, according to the material used in the group test 
(calcium hydroxide or RMGIC), was analyzed statistically 
by student’s t test at a 5% significance level. KHN values 
from the 3 groups were assessed by comparing the results of 
the test group to those of the positive and negative controls 
and analyzed statistically by 1-way analysis of variance and 
Tukey’s post-hoc test at a 5% significance level.

 
RESULTS
DENTIN COLOR AND CONSISTENCY
Nine teeth in the test group presented light-yellow remaining 
dentin (8 teeth capped with RMGIC and 1 tooth capped 
with calcium hydroxide). In the other 4 teeth, dentin had a 

dark-brown color (1 tooth capped with RMGIC and 3 teeth 
capped with calcium hydroxide-based cement). 

Regarding consistency, in all 13 test group teeth, the 
dentin became hard (Table 1). Five teeth had 3-mm-deep 
cavities (all capped with RMGIC), and 8 teeth had  
4-mm-deep cavities (4 capped RMGIC and 4 capped with 
calcium hydroxide-based cement). 

 
MICROHARDNESS ANALYSIS
KNH values (found in Table 2) were 40.81 (±16.28), 62.73 
(±11.24), and 19.15 (±6.99), respectively, for the test group, 
positive control group, and negative control group. Statistical 
analysis showed that all groups differed significantly from 
each other (P<.01).

DISCUSSION
The high clinical and radiographic success rates reported 
in the literature, regardless of the capping material,2,3,5,7,9,10 
point to the IPC technique as a viable and definitive treat-
ment option for active deep dentin carious lesions in pri- 
mary molars.

Studies investigating the use of GICs as restorative 
materials have shown satisfactory results in the primary 
dentition in both occlusal and occlusoproximal cavities after 
up to 3 years of clinical and radiographic follow-up.16-18 
Few studies, however, have evaluated the use of GICs as a 
capping material placed in contact with the carious dentin 
associated with its use as a restorative material. Studies in 
which partial removal of carious tissue was done showed 

Table 2.   Knoop Hardness Number (KHN) Values 
for Test and Control Groups *

 Variable N Means±(SD)  P-value

Test group 13 40.81±16.28a

.01Positive control 15 62.73±11.24b

Negative control 15 19.15±6.99c

* Different letters indicate a statiscally significant 
difference at 5%.
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good results based on clinical-radiographic,10 ultrastructural, 
and microbiological outcomes.11 These findings suggest 
that the possibility of using RMGICs as base/restorative 
materials might make them the most indicated materials 
for routine pediatric dentistry practice, especially in infant 
patients with active deep dentin carious lesions. RMGIC 
has the same desirable biological and adhesive properties 
as, and advantages over, conventional GIC.19 It may be 
considered a definitive material in the primary dentition 
because of the predictability of the physiological exfoliation 
of primary teeth.

In the present study, microhardness assessment showed 
no significant difference between the 2 materials (calcium 
hydroxide and RMGIC) used in IPC (test group), which 
justifies why the materials were allocated in a single group. 
Removal of the infected carious dentin provided favorable 
conditions for remineralization of the affected dentin that 
was intentionally preserved. Dentin remineralization was 
not dependent on the indirect capping agent used because 
both were biocompatible materials. The technique of IPC 
prevents possible pulpal exposures that might occur during 
excavation of deep carious lesions in primary teeth. This 
technique also presents more satisfactory clinical and radio-
graphic outcomes compared to more invasive procedures, 
such as direct pulp capping or pulpotomy.6,20,21

Several studies in primary2-4,9 and permanent teeth12-

14,22 have demonstrated a change of consistency of necrotic 
carious dentin into a more hardened tissue with a smaller 
number of micro-organisms after partial removal of cari-
ous tissue and IPC, which is suggestive of remineralization. 
This study’s results agree with those of the aforementioned 
authors and are consistent with those of Massara et al.2 
These authors concluded that dentin consistency is a reliable 
clinical parameter both to limit carious dentin removal in 
conservative operative techniques, such as IPC, and to assess 
technique success in cases of two sessions treatment. These 
findings corroborate those of studies that used teeth with 
inactive carious lesions15,23,24 or performed partial removal 
of carious tissue and IPC.2,4,9,14 

Kidd25 reported that studies using conservative tech-
niques for removal of carious dentin present: high clinical 
success rates; prevention of pulpal exposures (in contrast 
with pulpal exposure when complete removal of carious 
tissue is done); changes in the remaining dentin on cavity 
reopening (darkened and hardened dentin); and a significant 
reduction of the microbiota after treatment. The author 
also discussed the need for reopening the cavity because the 
progression of carious processes occurs due to biofilm activ-
ity. This is interrupted when the cavity is adequately sealed, 
thus allowing remineralization of the remaining dentin by 
tubular sclerosis and production of tertiary dentin. This 
study’s major contributions to clinical pediatric dentistry 
is the confirmation that IPC can be completed in a single 
session, thereby optimizing the restorative technique and 
minimizing the clinical chairtime, which is extremely im-
portant when dealing with pediatric patients. Our findings 

indicate that is not necessary to re-open the sealed cavity 
sometime after the restorative procedure to confirm treat-
ment success by checking the consistency of the remaining 
dentin tissue. 

Measurement of dentin hardness has been traditionally 
indicated to assess tissue mineralization and is, therefore, 
an important tool to evaluate the mechanical properties 
of calcified tissues and their caries-related alterations.26,27 
There are few studies investigating the microhardness of 
sound and carious primary tooth dentin. Furthermore, as 
far as could be ascertained, there is no study referring to the 
assessment of microhardness of the remaining carious dentin 
in primary and/or permanent teeth submitted to IPC. KHN 
values recorded in this study’s control groups (sound dentin 
and active carious dentin) are similar to those reported in 
previous primary teeth investigations.26,28 

Hosoya et al26 compared the microhardness of carious 
and sound dentin of primary teeth and observed that, 
regardless of the depth (one third outer, middle, and inner 
regions), KHN values of carious dentin were significantly 
lower than those of sound dentin. The authors did not 
mention the characteristics of the carious lesions, however, 
such as activity and depth of dentin involvement. The ul-
trastructural analysis of the carious dentin confirmed the 
demineralization, which justifies the significant difference 
in microhardness observed between carious and sound den-
tin. In a recent study, Angker et al29 reported that dentin’s 
mechanical properties are dependent on its mineral content 
and, hence, the decrease in dentin microhardness is directly 
related to a reduction in its mineral content. During carious 
process progression, there is a considerable dentin mineral 
loss,30 which would explain the low microhardness values 
observed in the negative control group. Removal of the 
infected dentin led to a mineral gain, as observed with the 
increase of microhardness in the test group, which differed 
significantly from the negative control group. The origin of 
the mineral gain is from the dentin and pulp and not from 
the material or saliva.2 

Pulpal diagnosis, cavity sealing, and control of caries 
activity are of paramount importance for a successful treat-
ment. A combination of a detailed clinical interview, clini-
cal examination, and radiographic assessment is essential 
for correct case selection. Child enrolment in a preventive 
program under periodical professional supervision is also 
necessary for maintenance of good oral health over time. 

The pediatric dentist may benefit from the remineral-
ization process of the dentinopulpar complex in cases of 
increased risk of pulp exposure during caries excavation. 
Dentin consistency is a reliable clinical parameter to limit 
the removal of irreversibly denatured, infected, nonreminer-
alizable outer carious dentin. IPC is a conservative operative 
technique which, if adequately indicated and performed, 
is a definitive one-session treatment for primary teeth with 
no need of scheduling the child for a second visit just for 
assessment of technique success. This study’s outcomes 
suggest a mineral gain by the affected dentin after IPC, 
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regardless of the material used as a protective base. Further 
longitudinal studies with longer follow-up periods should 
be conducted to corroborate these findings. 

CONCLUSIONS
Based on these findings, the following conclusions can be 
made:

1. There is no need to reopen the capped tooth within 
nearly 3 months after indirect pulp capping. 

2. Dentin consistency is a reliable clinical parameter 
to limit carious dentin removal in conservative 
operative techniques.

3. There was a mineral gain after indirect pulp 
capping (IPC), regardless of the material used.

4. If adequately performed and indicated, IPC 
may be a definitive single-session treatment for  
primary teeth.
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