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The incidence of pulp healing defects with direct capping materials 
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ABSTRACT: Purpose: To (1) study the injury and healing activity of the pulp tissue to calcium hydroxide [Ca(OH)2], 

resin composite (RC) and resin-modified glass-ionomer (RMGI) materials when used as direct pulp capping agents, and 

(2) compare the incidence of healing defects between these materials. Methods: 135 Class V pulp exposed cavities were 

prepared in non-human primate teeth. Direct pulp capping was conducted over 6 to 730 days with hard set Ca(OH)2,

RMGI and CR materials. Healing defects recorded were: (1) bacterial leakage with McKays stain; (2) operative debris 

including dentin fragments and particles of capping material; (3) pulpal inflammatory activity according to FDI 

standards; (4) area and absence of dentin bridge formation; and (5) presence of tunnel defects in bridge. Statistical 

analysis was evaluated using ANOVA. Results: The capping materials were associated with varying levels of pulp 

healing defects, including tunnel defects (P= 0.0001); operative debris (P= 0.0001); pulpal inflammatory cell activity 

(P= 0.0073) and bacterial leakage (P= 0.0260). Other healing defects, and the area of dentin bridge were not influenced 

by capping materials (P> 0.05). (Am J Dent 2006;19: 171-177). 

CLINICAL SIGNIFICANCE: Pulp healing defects have some relationship with treatment failure, but the general lack of 

information on material-pulp interactions remains problematic. Resin composite and resin-modified glass-ionomer 

materials can optimize healing following pulp capping, because they appear to reduce the number of defects in 

comparison with Ca(OH)2.

�: Dr. Peter. E. Murray, Department of Endodontics, College of Dental Medicine, Nova Southeastern University, 3200 
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Introduction

 The prognosis of direct pulp capped teeth is much reduced 

in comparison with indirect pulp capped teeth. The success of 

the direct pulp capping of teeth is 37% after 5 years and 13% 

after 10 years.1 This result compares with an 86% rate of 

success over 10 years, when teeth containing a hard carious 

lesion have been indirectly pulp capped.2 A study of the 

prognosis of direct versus indirect pulp capping on primary 

teeth also showed that indirect capped teeth will have better 

longevity.3 These studies demonstrate the importance of 

avoiding pulp exposure and placing indirect restorations to 

optimize the success of treatment. Whenever excavation of 

dentin caries results in a carious pulp exposure, pulpotomy is 

necessary to save the tooth.4 Nevertheless, there are many 

situations where the pulp has become exposed traumatically 

and accidentally. In these situations, the prognosis for pulp 

capping may be favorable, but controversy remains about the 

incidence of pulp healing defects between different types of 

capping materials. 

 Factors that may influence pulp healing are:  

Bacterial leakage - The prevention of bacterial leakage into 

cavity preparations is an important goal in treatment planning 

and will contribute to the longevity of cavity restorations. 

Bacterial leakage complications include inflammation, post-

operative sensitivity, marginal discoloration, recurrent caries 

and eventual need for endodontic therapy.5,6

Operative debris - This includes dentin fragments, particles of 

capping material and/or globules of adhesive. These particles are 

associated with bacteria, pulpal inflammation and necrosis.7

Pulpal inflammatory cell activity - In severe forms, this is 

associated with hypersensitivity and treatment failure. It 

appears to be caused by bacterial leakage more so than 

material cytotoxicity.8

Absence of dentin bridge formation - The deposition of a 

dentin bridge is associated with pulp vitality and pulp 

protection. The absence of dentin bridging is associated with 

compromised healing.9

Tunnel defects in dentin bridge - These defects allow the 

leakage of bacteria into pulp tissue and are a measure of the 

quality or sealing of the dentin bridge.10 Consequently the 

incidence and severity of these defects influence pulp healing 

and treatment outcomes. 

 Seventy years ago, Herman11 published a treatise on 

calcium hydroxide [Ca(OH)2] for direct pulp capping. Since 

then, many dentists have come to regard it as their preferred 

pulp capping material. The high pH Ca(OH)2 provides bacte-

ricidal activity, and is associated with increased dentin bridge 

formation.12,13 However, this material is compromised by 

unstable physical properties which allow particles of capping 

material14 including dentin chips7 to migrate into pulp tissue 

and complicate pulp healing.  

 Research into bonding agents for attachment of resins to 

tooth structure was started in the early 1950s.15 Over time, 

resin composite (RC) materials have gradually become widely 

accepted for indirect pulp capping treatments, however, their 

use for direct pulp capping has stimulated much controversy. 

The absence of protective dentin between the pulp and 

capping material sensitizes the pulp to the potentially toxic 

chemical activity of the dental material.16 Direct pulp capping 

with CR has been associated with pulpal inflammation from 

acid etching,17 migration of adhesive globules and operative 

debris into the pulp,18,19 postoperative sensitivity,20 incom-

plete dentin bridge formation,21,22 possible injury from the 

temperature increase created during light polymerization23 and 

claims of disastrous pulp necrosis.24 Furthermore, polymer-

ization shrinkage and contraction stresses, often produce less 

than perfect results.25 Nevertheless,  many  primate10,26-28  and 
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Table 1. Pulp capping materials. 
____________________________________________________________________________________________________ 

  Time period elapsed (days) 
Product name (Material type) Short Medium Long Total 
____________________________________________________________________________________________________ 

Lifec (calcium hydroxide) 8 10 22 42 

Vitremer + Vitrebondd

(resin-modified glass-ionomer) 10 16 10 36 

One step + Duel-curee

Liner Bond IIf + Clearfil AP-Xf

All Bondf + Aelitefilf

(resin composites)  12 15 30 57 
____________________________________________________________________________________________________ 

clinical studies29,30 have shown that CR may be as effective if 

not more effective, than Ca(OH)2 at minimizing healing 

defects. Consequently, the advantages of direct pulp capping 

with CR versus Ca(OH)2 remain controversial. 

 Resin modified glass-ionomer (RMGI) is widely used for 

temporary indirect pulp capping. Among the advantages are an 

anti-cariogenic activity,31 ability to remineralize dentin32 and 

stable physical characteristics, albeit with low fracture 

resistance.33 Some advantages of RMGI may make for the ideal 

pulp capping material, but information is scarce about the 

effects of RMGI direct pulp capping.34 However, when RMGI 

has been used to restore deep indirect cavity preparations, some 

underlying pulp injury was observed35,36 and consequently the 

degree of underlying injury and effects on healing remain 

uncertain. Information about the pulp responses to RMGI when 

used as a direct pulp capping material is limited. 

 Continuing evidence of a high proportion of restored teeth 

showing symptoms requiring pulpotomy or extraction,37

together with evidence showing that only 40% of all types of 

restorations are new, with 60% being replacements for 

failures38 suggests restorative treatment modalities are not fully 

optimized. Consequently it is important to evaluate healing 

defects with various pulp capping materials. Understanding 

how the defects are created will allow their avoidance, and 

selection of materials to optimize pulp capping outcomes. More 

than 2000 primate teeth have been prepared for histological 

evaluation, but few studies reported on pulp capping mate-

rials.10,26,27,34 For this study, all the teeth pulp capped were 

histometrically evaluated using contemporary criteria by an 

independent investigator, and none of this data has previously 

been published. This study (1) evaluated the injury and healing 

activity of the pulp tissue to Ca(OH)2, CR and RMGI materials 

when used as direct pulp capping agents; and (2) compared the 

incidence of healing defects between these materials. 

Materials and Methods 

 This is a retrospective histological investigation of an 

archive of teeth based at the University of Alabama at Birming-

ham, Alabama. One hundred and thirty five sound teeth were 

used from eight adult Rhesus macaca monkeys. The animals 

were approximately 4-5 years of age at the start of dental 

treatment. The teeth were relatively free from wear and erosion. 

The third molars had erupted. The animals were cared for 

according to ethical and animal use guidelines of the University 

Animal Review procedures. Prior to operative procedures, each 

animal was tranquilized and sedated. Briefly, each monkey was 

tranquilized with an intramuscular injection of 10mg/kg of 

ketamine hydrochloridea (100 mg/mL). Deeper sedation was 

achieved  with  an  intramuscular  injection  of  rompun.b Teeth 
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Table 2. Histological criteria for assessment of pulp reactions. 
________________________________________________________________________________________________________

Histologic assessment Histologic criteria 
________________________________________________________________________________________________________

Pulpitis: None The pulp contained few inflammatory cells, or an absence  

 of inflammatory cells. 

Pulpitis: Slight The pulp had localized inflammatory cell lesions  

 predominated by polymorphonuclear leucocytes, or  

 mononuclear mononuclear lymphocytes associated with  

 the site of pulp exposure. 

Pulpitis: Moderate The pulp had polymorphonuclear leucocyte lesions  

 involving more than one-third of the coronal pulp. 

Pulpitis: Severe Following chronic inflammatory cell activity, the pulp  

 tissue is largely necrotic. 

Dentin bridge area The area of tertiary dentin secreted by odontoblast-like  

 cells at the site of pulp exposure.  

Tunnel defect A discontinuity of complete dentin bridge formation  

 across the site of pulp exposure, sometimes containing  

 cells and called tissue tracts. 

Operative debris area The area of dentin chips, particles of restorative material  

 and globules of adhesive observed after direct pulp  

 capping.  

Bacterial leakage The presence of McKays stained bacteria within the  

 restoration margins and/or pulp tissue. 
________________________________________________________________________________________________________

were polished with pumice paste to remove plaque and calculus. 

Saliva was controlled by high-speed evacuation and quadrants 

of teeth were isolated with sterile cotton rolls. Pulp exposed 

Class V cavities were prepared with a #330 carbide bur at ultra-

high speed under water spray coolant. The size of pulp 

exposure was limited to the width of a #330 carbide bur. 

Hemorrhage was controlled with a damp cotton pellet with 

5.25% solution of sodium hypochlorite (NaOCl), held in place 

for 30 seconds. The cavity was rinsed with sterile saline and 

gently air dispersed. The cavities were immediately capped 

with the test materials. The standardized methods and 

procedures used in this study are congruent with those 

described else-where.6,10,26,27,34 

 All materials were placed according to their manufacturers 

instructions following International Organization for Standard-

ization Technical Report 7405 usage guidelines,39 however the 

evaluation guidelines of 5± 2 days and 70± 5 days were 

expanded to cover short; 6-22 days; medium 23-96 days; or 

long 97-730 days, terms. Forty-two exposed pulps were direct 

pulp capped with Ca(OH)2 (Table 1). All Ca(OH)2 cavities 

were sealed at the cavosurface margin with zinc oxide eugenol. 

Thirty-six cavities were restored with RMGI and 57 pulps were 

direct pulp capped with CR (Table 1). 

 Serial sections of 7μm thickness, stained with hematoxylin 

and eosin, were examined by light microscopy, and histological 

analysis was conducted, using the techniques described 

elsewhere.40,41 The area of dentin bridges were measured at 

x100 magnification using a reticule to provide an estimate of 

bridge size. Within each dentin bridge, the area of operative 

debris was also measured using a reticule at x400 magni-

fication. The dentin fragments and particles of material were 

often closely associated and difficult to separate, this is why 

both are measured as operative debris.40,41 The pulp exposure 

width, axial cavity floor width and cavity wall depth were also 

measured in each tooth. Within the dentin bridge, the absence 

or presence of tunnel defects was observed at x400 magni-

fication. For the purposes of this study, a tunnel defect is a 

discontinuity in the structure of complete dentin bridge forma-

tion. A summary of the histologic criteria is shown in Table 2. 

 The inflammatory  response  of  each pulp was categorized 
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Table 3. Correlation between the use of different pulp capping materials and 
the histological observation of pulp healing defects. 
__________________________________________________________________________________________________ 

Difference between pulp capping materials  
and the following variables: F value ANOVA P-value 
__________________________________________________________________________________________________ 

 Incidence of tunnel defects 25.971 0.0001 
 Operative debris area 17.797 0.0001 
 Incidence of slight, moderate  
   or severe pulpitis 5.136 0.0073 
 Incidence of bacterial leakage 3.769 0.0260 
 Dentin bridge area 2.284 0.1066 
__________________________________________________________________________________________________ 

as none, slight, moderate or severe, according to published 

criteria.6,10,26,27,34 The categories of pulp inflammation are 

summarized in Table 2. Bacterial contamination of each resto-

ration was assessed using McKay's stain42 to detect the 

presence of gram positive and negative microorganisms. Data 

were analyzed using analysis of variance (ANOVA) statistical 

procedures, at a confidence level of 95% (STATview soft-

wareg). These procedures are reportedly among the most 

versatile and conservative of the multiple comparison tests.43

Results

 A statistical analysis of the raw data found no significant 

difference (ANOVA or Chi square, P> 0.05) between the 

restorative products within the Ca(OH)2, RMGI, or CR groups 

of dental materials, therefore, this study compared differences 

between the Ca(OH)2, RMGI, or CR groups of dental 

materials as follows: 

Tunnel defects - The most statistically significant difference 

between pulp capping materials and their effect on pulpal 

activity was the presence of tunnel defects (Table 3). Tunnel 

defects were closely correlated to pulp capping materials and 

the area of operative debris (Fig. 1). The frequency of tunnel 

defects was 82% with Ca(OH)2 and 42% and 0% with RMGI 

and CR respectively (Fig. 2). Furthermore, tunnel defects 

were closely correlated to the area of operative debris and 

dentin bridge area, while in the absence of tunnel defects 

these two variables are not correlated (Fig. 3). This suggests 

that the probability of tunnel defects in dentin bridges 

increases with both an increase in operative debris area and 

dentin bridge area associated with pulp capping materials. 

Operative debris - The second most statistically significant 

difference between CR, RMGI and Ca(OH)2 capped pulps 

appeared to be the area of operative debris incorporated in 

underlying dentin bridges (Table 3). The greatest area of 

operative debris was observed in pulps capped with Ca(OH)2

and the least area was observed following pulp capping with 

CR (Fig. 1). The area of operative debris observed in pulps 

capped with RMGI was intermediate to the other capping 

materials (Fig. 1). The frequency of operative debris was 

found to vary between materials, with 77%, 57% and 29% of 

pulps capped with Ca(OH)2, RMGI and CR containing these 

pulp capping defects (Fig. 2). 

Pulp inflammation - The third most statistically significant 

difference between pulp capping materials was the category 

of pulpal inflammatory cell activity (Table 3). In the absence 

of bacterial leakage, pulpal inflammatory cell activity was 

found to vary between none and slight categories (Fig. 4). In 

the presence of bacterial leakage, Ca(OH)2 was associated 

with more moderate categories of pulpal inflammation in com- 
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Fig. 1. Operative debris and tunnel defects. 

Fig. 2. Frequency of pulp healing defects. 

Fig. 3. Dentin bridge area and operative debris. 

parison with the slight category associated with RMGI and 

CR pulp capping materials (Fig. 4). The frequency of capped 

pulps showing any slight, moderate or severe category of 

inflammation was greatest with Ca(OH)2 and much less 

following capping with RMGI and CR, 68%, 22% and 26% 

respectively (Fig. 2). 
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Fig. 4. Pulpal inflammatory activity and bacterial leakage. 

Fig. 5. Dentin bridge area and bacterial leakage. 

Fig. 6. Photograph of dentin bridge containing healing defects. 

Bacterial leakage - The leakage of bacteria into capped pulps 

appeared to vary according to the type of material used for 

pulp capping (Table 3). The frequency of bacterial leakage 

observed in Ca(OH)2 capped pulps was 50%; much lower 

frequencies of 20% and 19% were observed following pulp 

capping with CR or RMGI (Fig. 2). The presence of bacteria 

appeared to stimulate pulpal inflammatory cell activity (Fig. 

4) and reduce the area of dentin bridge formation (Fig. 5) 

irrespective of the material used for pulp capping. 

Dentin bridge - The largest dentin bridges were generally 

observed in Ca(OH)2 capped pulps (Fig. 5). In comparison, 

the mean area of dentin bridge formation with CR and RMGI 

was reduced by -37.4% and -71.8% respectively in the 

absence of bacterial leakage (Fig. 5). However, despite these 

differences in dentin  bridge  area between  capping  materials,  
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bacteria, pulpal inflammatory activity and operative debris 

appeared to have a more powerful effect on dentin bridge 

area, because the difference between pulp capping materials 

was not statistically significant at the P= 0.05 level (Table 3; 

P= 0.1066). The presence of operative debris (ANOVA, P= 

0.0003) (Figs. 1, 3) or the presence of bacteria (ANOVA, P= 

0.0031) (Fig. 5) had a greater influence on the area of dentin 

bridge, than pulp inflammatory activity (ANOVA, P= 0.0157) 

(Fig. 4). The frequency of dentin bridges observed following 

pulp capping with Ca(OH)2 was 86%, while 63% and 57% of 

pulps capped with RMGI or CR were associated with dentin 

bridge formation (Fig. 2). However, no dentin bridges were 

observed following the short pulp capping time interval. 

Consequently the formation of dentin bridge appears to be the 

summation of the area of operative debris, bacteria, pulp 

capping material and the time elapsed following capping. 

Often operative debris containing dentin chips, fragments of 

capping material and tunnel defects was observed in close 

association (Fig. 6). 

Pulp exposure width and cavity dimensions - No statistical 

differences at the P= 0.05 significance were found between 

the types of capping materials and the width of pulp exposure, 

or any of the Class V cavity dimensions. 

Discussion 

 Previous investigations of pulp capping activity have been 

criticized for being short term, some lasting between 3 and 60 

days,19,21,44,45 the ISO guidelines only specify 5 ± 2 days and 

70 ± 5 days.39 But healing complications may take years to 

manifest and consequently, pulpal healing was investigated 

over 2 years. This extended timescale allowed observation of 

completed pulpal healing and dentin bridge formation. Never-

theless, caution is required when interpreting these results, 

because it is not possible to directly correlate healing defects 

with the long-term mechanical failure and leakage aspects of 

capping materials, which may be observed in patients over 

decades. Clinical study of these aspects would be required, 

but in most countries ethical laws limit this type of experi-

mentation. Consequently, this study provides new assess-

ments of pulp capping treatments by measuring the frequency 

and severity of pulp healing defects associated with Ca(OH)2,

RMGI and CR. It is postulated that by minimizing the 

frequency and severity of healing defects, the prognosis of 

pulp capping treatments will increase. 

 The methods used in this study to examine pulpal healing 

have shown that defects can be measured quantitatively. 

These measurements can provide potentially useful informa-

tion on pulp healing in response to capping materials. Quali-

tative methods are the most frequently used means of examin-

ing pulp reactions to the effects of dental materials, but these 

evaluations always contain an element of subjectivity.46 The 

use of a histomorphometric approach to this investigation 

permitted the collection of precise pulpal measurements, 

which allowed statistical analysis using ANOVA statistics. 

These statistics provided the accuracy and analytical proce-

dures for detecting correlations between variables that are not 

possible with categorical approaches.43 The numbers of teeth 

in each of the material test groups ranged between 36 for 

RMGI, 42 for Ca(OH)2,  and  57 for CR, the  total  number  of 
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135 teeth appeared to be sufficient to investigate the incidence 

of pulp capping defects.  

 Following pulp exposure, the occurrence of operative 

debris including dentin chips, can be considered to be an 

advantage because they stimulate dentin bridge formation.47

While this study has confirmed a direct correlation between 

the area of operative debris and increased dentin bridging, 

there does not appear to be any benefits associated with 

operative debris, only healing complications. Much emphasis 

is placed on the presence and size of dentin bridge formation 

and this is often regarded as a sign of successful pulp healing. 

Dentin bridging is observed in 90% of human capped pulps 

following exposure.48 The size of the dentin bridge is 

important, because its size reduces the pulp chamber volume49

making subsequent root canal access more difficult. However, 

the size of the dentin bridge should not be confused with the 

quality of protection it provides to the remaining vital pulp 

tissue. The presence of operative debris disrupts bridge 

integrity, weakening its structure, probably through lack of 

continuity of dentin secretion by the odontoblastoid cells.50

Operative debris is also associated with increased pulpal 

inflammatory cell activity from the persistence of globules of 

adhesive18,19 and particles of Ca(OH)2.
14 The operative debris 

may be contaminated with bacteria, which can infiltrate the 

pulp tissue to stimulate immune reactions, in severe cases 

progressing to pulp necrosis and inhibition of dentin bridge 

formation.18 Sometimes dentin bridging is incomplete51 and 

this is a problem, because a bridge needs to be effective at 

sealing the pulp exposure. Frequently, operative debris has 

migrated away from the site of exposure deep into pulp tissue. 

The stimulation of bridging around this migrated debris is 

unlikely to be beneficial for pulp exposure protection, and 

more likely to impair otherwise healthy tissue. These prob-

lems explain why operative debris is not beneficial for the 

purpose of pulp protection, which is the major role of dentin 

bridging.48 The findings of this present study indicate that 

healing defects associated with operative debris are most 

associated with Ca(OH)2 rather than RMGI or CR pulp 

capping treatments, because of the 77% of pulps affected 

versus 57% and 29% respectively. Although it should be 

appreciated that fragments of dentin are unavoidably created 

during cavity preparation, the migration of some of these 

fragments into pulp tissue may be minimized. Consequently, 

the cleansing of excessive dentin chips from the site of pulp 

exposure along with subjacent blood clots, to promote pulpal 

healing and improve the subsequent integrity of dentin bridge 

formation,52 appears to be good advice. However, all the 

cavities were prepared and cleansed with a standardized pro-

cedure and this cannot explain the large variation between 

materials of from 29% to 77%. Clearly most of this difference 

reflects the migration of particles of capping material. 

Ca(OH)2 materials dissolve over time53 depending on their 

sample dimensions and composition.54 By comparison, RMGI 

and CR materials appear chemically and physically bio-

stable,55,56 explaining the reduced level of operative debris. 

This evidence suggests that the long term disintegration and 

migration of Ca(OH)2 particles into the pulp does not make it 

an ideal pulp capping material 

 The presence  of  tunnel defects in dentin bridges is poten- 
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tially more problematic than the presence of operative debris, 

although both are closely correlated. This is because tunnel 

defects destroy the sealing ability of the bridge, allowing the 

migration of Ca(OH)2 particles, resin globules and the leakage 

of bacteria.10,12,14 In cases where the bacteria have progressed 

into pulp tissue, severe inflammation and necrosis can be 

observed.5,57 Ideally, to avoid these healing complications, the 

creation of tunnel defects should be minimized. The reason 

for the correlation between operative debris and tunnel defects 

requires further investigation, but the presence of operative 

debris may impede the ability of odontoblastoid cells to 

uniformly secrete a dentin bridge. Following pulp capping 

with Ca(OH)2, 82% of the dentin bridges were found to 

contain some tunnel defects, 42% of tunnel defects were 

observed in RMGI capped dentin bridges, while no tunnel 

defects were observed in bridges capped with CR. This 

observation suggests that tunnel defects can be avoided by 

minimizing the operative debris associated with cavity 

preparation and cleansing the exposure, prior to using a CR 

capping material. The interactions between capping materials 

and the odontoblastoid cells have not been well studied. But 

there is evidence to suggest some heterogeneity in dentin 

bridge structure caused by the type and rate of dentin 

secretion by odontoblastoid cells.19,21 Consequently, the 

ability of the capping material to modulate the odontoblastoid 

cell secretion of dentin bridges is of some interest for 

stimulating pulpal repair, especially when the prognosis of 

capping is poor. Ca(OH)2 has been claimed to uniquely 

stimulate dentin bridging in comparison with other capping 

materials.12 However, in agreement with some previous 

observations, dentin bridging did not appear to be uniquely 

stimulated by Ca(OH)2 materials.13,56

 Unresolved pulp inflammation is associated with 

postoperative sensitivity, discoloration, failure of pulp healing 

and dentin bridge formation as well as the eventual need for 

endodontic treatment.5,57 In agreement with earlier investiga-

tions, the majority of pulp inflammation was associated with 

bacterial leakage,6,48 however, in the absence of bacterial leak-

age, pulpal inflammatory activity in pulps capped with 

Ca(OH)2, CR and RMGI was similar. Nevertheless, large 

differences in the ability of the materials to prevent bacterial 

leakage were observed. RMGI appeared to seal and adhere 

with pulp exposures more completely (19%) than CR (20%) 

or Ca(OH)2 (50%). These findings are in agreement with 

reports suggesting that RMGI has excellent sealing, antibac-

terial and anticariogenic characteristics due to fluoride re-

lease.5,32 CR materials have good sealing properties, due to 

recent improvements in adhesive bonding with cavity walls.58

In addition, reports suggest that Ca(OH)2 restorations become 

infected because of their inability to provide a complete seal 

with cavity walls, a lack of long-term bacteriocidal activity, 

and unstable physical properties.59

 Unfortunately, it is not possible to isolate the pulp injury 

created by capping procedures from the effects of capping 

materials. The skill and experience of the operator is 

extremely important for guiding treatment outcomes60 and 

differences in handling techniques may influence both the 

technical quality and clinical performance of the capping 

materials. This  is  one  explanation  of why pulp capping with 
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CR has proved to be divisive among researchers. The second 

reason for divergent reports on pulp capping with CR, is that 

although some adhesive systems provide a satisfactory 

performance for restoring non-pulp exposed restorations, the 

chemical toxicity of the adhesive system is not compatible with 

direct pulp capping.61 The variation between adhesive systems 

may further explain why some materials are claimed to be 

suitable for direct pulp capping while others are not. A third 

explanation for differences in observations between pulp cap-

ping materials is that case selection is extremely important for 

influencing the clinical success of pulp capping. For example, 

capped pulps showing inflammatory activity are more difficult 

to heal successfully in comparison to capped pulps with no 

treatment or disease history.62 Although many pulp capping 

reviews and studies are supportive of CR materials,56,63-66 some 

insist that CR pulp capping is associated with persistent 

inflammatory reactions and delayed dentin bridging.67,68 CR 

direct pulp capping has also been reported to delay nerve 

regeneration.69,70 These concerns prevent unqualified recom-

mendation of pulp capping with CR materials, and clearly more 

research is required to optimize the placement and technique 

sensitivity of these materials to surpass the empirical clinical 

success of Ca(OH)2. RMGI has not been well studied for pulp 

capping and more investigation is required, but it was not 

associated with high rates of healing defects and may be 

beneficial for pulp capping in caries-prone patients. 

 This study has shown that pulp capping with RMGI or CR 

can provide a superior performance to Ca(OH)2 in terms of 

minimizing healing defects. However, much more investiga-

tion of pulp capping failure is required to fully understand the 

defects responsible, and to modify the use and type of capping 

materials to increase the success of pulp capping. The success 

of pulp capping may be strongly influenced by the age and 

condition of teeth prior to capping, such as the history of 

caries lesions, previous restorations, size of pulp chamber/ 

canal system, and open apex. But information is limited on 

the effects of these variables. Ca(OH)2 and amalgam are 

chemically-simple pulp capping materials with limited scope 

for technological development. While further improvements 

to adhesive systems, including bioactive molecules to mediate 

pulp repair,71,72 antibacterial activity,73 improved sealing and 

bond strengths74 and caries prevention75 will likely have some 

impact on the gaining acceptance of CR materials for all types 

of pulp capping situations.  
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