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2007: Landmark paper on Ca(OH)2
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Ca(OH)2 medicament pastes

• Ca(OH)2 is a powerful  
antimicrobial agent

– OH ions penetrate 
biofilms

– Bactericidal

– Antifungal

– No resistance

– Hard tissue repair

• Inactivates bacterial toxins: i.e.  
lipopolysaccharide (LPS) found in 
the outer membrane of Gram-
negative bacteria.

• Athanassiadis B, Abbott PV, Walsh LJ.  The use of calcium 
hydroxide, antibiotics and biocides as antimicrobial 
medicaments in endodontics. Australian Dental Journal 
2007;52(1 Suppl):S64-S82.

• Athanassiadis B, Abbott PV, George N, Walsh LJ. An in vitro
study of the antimicrobial activity of some endodontic 
medicaments and their bases using an agar well diffusion 
assay. Australian Dental Journal 2009; 54: 141-146.

• Athanassiadis B, Abbott PV, George N, Walsh LJ. An in vitro
study of the anti-microbial activity of some endodontic 
medicaments and their bases against Enterococcus 
faecalis biofilms. Australian Dental Journal 2010; 55(2): 
150-155.
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• Alkaline pH in the root canal system and in the radicular 
dentine affects enzyme systems of bacteria and fungi 
disturbing growth, metabolism, and cell wall integrity. 

• The sub-lethal response zone needs pH > 10.5 for most 
bacteria

• E. faecalis is the most resistant bacteria to alkaline pH
• E. faecalis does not survive at a pH of 11.5 or greater 

(99.99% were killed).
• Because of the buffering effect of dentine it is unlikely 

that the high pH of 11.5 is attained within dentinal 
tubules.

Athanassiadis B, Abbott PV, George N, Walsh LJ. In vitro study of the inactivation 
by dentine of some antimicrobial endodontic medicaments and their bases. 
Australian Dental Journal 2010; 55(3): 298-305.
Evans M, Davies JK, Sundqvist G, Figdor D. Mechanisms involved in the resistance 
of E. faecalis to Ca(OH)2 . Int Endod J 2002;35:221-228.
Chavez de Paz et al. Response to alkaline stress by root canal bacteria in biofilms. 
Int Endod J 2007:344-355.
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Calcium hydroxide in water

• Water solution (lime water) first used in 1920s

• Water-based pastes first used in 1947

• Calcium hydroxide dissolved in water

– Low solubility 0.16% @ 30oC

– At body temperature, when in water, less than 
0.2% of calcium hydroxide dissolves into Ca and 
OH ions 

• The solution is unstable over time

– Available dissolved CO2 gas in the water reacts to 
form CaCO3, which inactivates the material.

– CaCO3 also forms on the surface exposed to the 
atmosphere.

© LJ Walsh 2020



• Bio-available released [OH ions] is more important than 
the simple content of Ca(OH)2 on a weight basis, as 
little of the material may be available – the rest is just a 
filler – because so little dissolves in water

• Athanassiadis B, Abbott PV, George N, Walsh LJ. In vitro study of the inactivation by 
dentine of some antimicrobial endodontic medicaments and their bases. Australian 
Dental Journal 2010; 55(3): 298-305.
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• Water-based Ca(OH)2 endodontic pastes all have a 
native pH of around 12.4-12.7

– This is then buffered by dentine down to around ~ pH 9-10 
which is below the level needed to kill all bacteria

• Athanassiadis B, Abbott PV, George N, Walsh LJ. In vitro study of the inactivation by 
dentine of some antimicrobial endodontic medicaments and their bases. Australian 
Dental Journal 2010; 55(3): 298-305.
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• In any water-based media (liquid or paste), the 
common ion effect from OH ions already present in 
water limits dissolution of the calcium hydroxide 
powder

• Athanassiadis B, Abbott PV, George N, Walsh LJ. In vitro study of the inactivation by 
dentine of some antimicrobial endodontic medicaments and their bases. Australian 
Dental Journal 2010; 55(3): 298-305.
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The technology behind Calmix

• Developed over 10 
years ago in Australia, 
by Basil Athanassiadis 
and Laurie Walsh 

World patent application WO 2013013275. 2013.
US patent application 2014/0322144. Oct 30, 2014.
Australian patent 2012/286596. Granted 3 December 2015.
New Zealand patent 620382. Granted 1 March 2016.
European patent application EP 12818358.9
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Why not change the vehicle to something 
other than water?
This gives greater solubility, avoids the common ion effect, 
gives greater release, and allows higher pH values to be 

achieved.

Only Calmix uses a special co-polymer of
polyethylene glycol PEG400 and PEG3350 
designed to give optimal calcium hydroxide 
dissolution and release. All other endodontic 
pastes on the ANZ market use as their vehicle 
water alone or water in combination with PEG.

Walsh LJ, Athanassiadis B. Non-aqueous solvents influence 
pH of calcium hydroxide products. IADR ANZ 2014.
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PEG: safety considerations

• US FDA listed as GRAS (generally recognized as safe)

• Approved by US FDA for internal consumption

• Extensively used in pharmaceutical industry in oral, IV, 
topical medicines (ointment bases), rectal suppositories, 
opthalmic preparations

• PEGylated medicines – e.g. antivirals

• Non-irritant to skin

• High margin of safety in terms of toxicity, used in tissue 
culture media & for organ preservation

© LJ Walsh 2020



PEG as a solvent

• Water

• PEG pH > 13.5. Placed in a tooth, achieves a 
pH of 14 within 15 mins: above the 
threshold level for killing E. faecalis
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Greater OH ion release
from PEG versus water solvents

• Titration studies using hydrochloric acid 
challenge revealed that OH ion release from 
Ca(OH)2 in PEG 400 was significantly higher than 
for Ca(OH)2 in a saturated solution in water 
(P<0.01)

• Walsh LJ, Athanassiadis B. Influence of PEG 400 vehicle 
on calcium hydroxide medicaments. IADR 2016.
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Calmix properties
• 1. higher pH at baseline, 

• 2. better hydroxyl ion release over time into dentine, 

• 3. greater antimicrobial activity against bacteria,

• 4. greater antimicrobial activity against fungi, 

• 5. improved radiopacity 

• over existing calcium hydroxide pastes on the market.

• 6. better handling and flow properties,  

• 7. cannot dry out in the tube, as no water is present,

• 8. haemostatic to bleeding tissue,

• 9. non-staining  to tooth structure,

• 10. does not weaken roots over extended times,

• 11. easier to irrigate from canals than pastes with CMC.  
© LJ Walsh 2020



Calasept Plus Pulpdent

Calmix
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Ionode                                    Metrohm Solvotrode

AQUEOUS               NON-AQUEOUS
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Teoh YY, Athanassiadis B, Walsh LJ. The influence of aqueous and PEG 400 solvent vehicles 
on hydroxyl ion release from calcium hydroxide medicaments. International Dentistry 2016: 
11(4): 42-50. 
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Baseline                   Calmix 2 weeks

Teoh YY, Athanassiadis B, Walsh LJ. Comparison of commercial calcium hydroxide 
pastes for prolonged antibacterial effect using a colourimetric assessment. Materials 
(Basel). 2018. 11, 348; doi:10.3390/ma11030348
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TIME KILL STUDY
( Log reduction following 1 hour contact time with medicament)

Medicament E. faecalis C. albicans

PEG  paste only 0.1,  0.0 0.5,  0.3

Ledermix No effect 0.1, 0

Pulpdent >5.6,  >5.6 2.9,  2.7

CalMix >5.6,  >5.6 >4.1, >4.2

• Greater effectiveness 

against Candida species 

compared to Pulpdent

and to Ledermix

Reduction factor is 
approx. 400,000 fold 
from 1 hr contact time

Assays done by a commercial 
microbiology lab using blinded 
samples. © LJ Walsh 2020



MBC (mg/mL) 

Medicament tested E. faecalis Candida albicans

PEG 400/3350 base No effect No effect

Calmix 7.80 7.80

Calasept 7.80 125.00

Pulpdent 7.80 62.5

Odontocide 31.25 31.25

Results are the mean of three 
replicates.
Assays done by a commercial 
microbiology lab using blinded 
samples. 

Antimicrobial testing:
Lower MBCs mean greater effectiveness

Least effective on EF. 

Calmix is better against fungi than all 
other calcium hydroxide pastes.
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Despite a higher pH, Calmix is less 
cytotoxic (tissue injury)
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Low soft tissue irritancy, but has haemostatic/ 
astringent effects if touches bleeding tissue

3 minutes 
later – after 
topical Calmix 
applied
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3 minutes 
later – after 
topical Calmix 
applied
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Calmix does NOT weaken teeth
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1        2        3       4       5      6        7       8        9
mm Aluminium 

Time: 0.14 seconds exposure
Gendex: 65kVP, 7.5 mA  on 
phosphor plate

> 10 mm 3-4 mm 6-7 mm> 9 mm 8 mm

9 mm deep wells
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Grey scale value
(higher = more radiopaque)
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CALMIX
Improved Endodontic Technologies: A Mini Update

Dr Yu-Yao Teoh 
BDSc (Hons.), MPhil 

Endodontic resident (UQ)



Endodontic goals

• Eliminate the infection


“Reduction of the bacterial populations to levels compatible with 
periradicular tissue healing is the primary microbiological goal of 
the endodontic treatment of teeth with apical periodontitis.”  
- Siqueira & Rocas 2011


• Seal the root canal system



Intracanal medicament

• Significantly reduced bacterial load after dressing with calcium hydroxide.  
(Sjogren et al. 1991; Shuping et al. 2000; Rocas & Siquiera 2011) 

• Histobacteriologic study shows that an intracanal medicament is 
necessary to maximise bacterial reduction before filling.  
(Vera et al. 2012)



The present histobacteriologic study was undertaken to analyze
the in vivo microbial status of the middle and apical segments of the
root canal system of mesial roots of human mandibular molars with
primary apical periodontitis after 1- or 2-visit endodontic treatment.
Two different nickel-titanium rotary instrumentation techniques were
used for both groups, and calcium hydroxide was used in the 2-visit
treatment protocol.

Materials and Methods
Clinical Procedures

Teeth selected for this study were human mandibular molars
with necrotic pulps and radiographic evidence of apical periodontitis
that were extracted for reasons not related to this study (nonrestor-
ability because of extensive caries/crown fractures or periodontal
disease). The study protocol was approved by the institutional review
board of Tlaxcala University, Mexico, and informed consent was
obtained from the individuals participating in the study after the clin-
ical procedures were thoroughly explained. Thirteen teeth were
selected and randomly assigned to either of 2 experimental groups
by using a coin toss. Only the 2 mesial canals were included in the

experiment. All clinical procedures were carried out by 1 experienced
endodontist (J.V.).

2-visit Group
This group included the mesial canals of 7 mandibular molars.

After local anesthesia, the cusps were cut down, carious dentin was
excavated, and the tooth was isolated with a rubber dam. Thorough
disinfection of the tooth and the rubber dam was done by using 5%
NaOCl, and the endodontic access cavity was prepared with sterile
high-speed carbide burs. Next, the access cavity and the distal canal
were profusely irrigated with 5% NaOCl, calcium hydroxide was placed
at the entrance of the distal canal, and the distal aspect of the access
cavity was separated from the mesial one by building a mechanical
barrier with LC Block-out resin (Ultradent, South Jordan, UT).

After exploration with a scouting #10 K-file, the 2 separate mesial
canals were coronally flared by using Gates-Glidden burs sizes 3 and
2, along with copious irrigation with 5% NaOCl. The working length
(WL)was determinedwith the aid of an electronic apex locator (Elements
Diagnostic Unit; Sybron Endo, Orange County, CA) at the 0.0 reading of
the device with a #10 K-file. Mesio-angled and/or disto-angled

Figure 1. Two-visit group. (A) Tooth #30 with massive buccal carious lesion involving the pulp chamber floor in 56-year-old woman. (B) Postobturation radio-
graph taken with mesiodistal angulation. Note the excess material extruded from the lingual canal. (C) Radiograph of mesial root taken at 90! angle. The root
fractured obliquely during extraction. (D) Mesial root in the clearing agent. Obturation material is visible in a space connecting the 2 canals. The pathologic peri-
apical tissue remained attached to the root tip at extraction. (E) Cross-cut section taken from the middle third at the level of line 2 in (D). No isthmus is present at
this level between the 2 canals (Taylor modified Brown & Brenn stain; original magnification."16). (F) Section taken from the apical third at the level of line 1 in
(D). An isthmus containing obturation material (black) and connecting uninterruptedly the 2 mesial canals is now visible. Presence of particles of obturation
material on the cut dentin is artifactual, as these float in the Canada balsam and are displaced from the root canal space (original magnification,"25). (G) Section
taken at the level of line 3 in (D), encompassing only the lingual root tip and canal. A moderate quantity of filling material has been forced into the periapical
pathologic tissue (original magnification, "16). (H) Detail from (G) (original magnification, "50). Note: no bacteria were found at any level in this specimen.

Clinical Research
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1-visit Group
This group included the mesial canals of 6 mandibular molars that

were treated in 1 visit. These canals were treated exactly as described for
those in the 2-visit group, except that they were instrumented and filled
at the same appointment. No interappointment dressings with calcium
hydroxide were used. The teeth were extracted in accordance with the
procedures described above 7 days after the intracanal procedures
without reentering the canal.

Controls
Four healthy mandibular third molars with vital pulps and

extracted because of pericoronitis were processed histologically
to serve as negative controls. Four untreated mandibular molars
with necrotic pulps and radiographic evidence of apical periodon-
titis were extracted because of the reasons explained above and
served as positive controls.

Figure 2. One-visit group. (A) Severely broken-down mandibular right first molar in 30-year-old woman. Caries has involved the furcation, and apical perio-
dontitis lesions are present on both roots. (B) Postobturation radiograph. (C) Radiograph of mesial root after extraction. (D) Specimen immersed in clearing
agent before embedding in paraffin. The root canal filling is slightly overextended apically. (E) Cross-cut section taken from the middle third at the level of line 1 in
(D). Both canals appear well-prepared, with dentin removed circumferentially and a round shape of similar diameter at this level. Note the wide isthmus harboring
obturation material connecting the 2 canals and the lingual extension of the lingual canal (arrow) (Taylor modified Brown & Brenn stain; original magnification,
!16). (F) Detail of lingual canal. A large mass of necrotic debris colonized by bacteria occupies the central part of the canal lumen, embedded in the obturation
material. High-power view from center of this mass shows amorphous material (likely food remnants) surrounded by heavy concentration of bacterial profiles
(original magnification, !50; inset, !400). (G) Detail of isthmus in (E) (original magnification, !50). (H) Magnification of area indicated by upper arrow in
(G). Bacterial biofilm covers the irregularity in dentin wall of the isthmus (original magnification, !400). (I) Magnification of area on opposite isthmus wall
indicated by lower arrow in (G). In addition to biofilm present on dentin wall, bacteria are also colonizing dentinal tubules (original magnification, !400).

Clinical Research
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One-visit group Two-visit group

One- versus two-visit endodontic treatment of teeth with apical periodontitis: a histobacteriologic study. 
Vera J, Siqueira JF, Ricucci D, Loghin S, Fernández N, Flores B, Cruz AG. 

J Endod 2012



Antibiotics vs Calcium hydroxide
Antibiotics either  

•Inhibit growth or reproduction of bacteria (bacteriostatic) 


•e.g. clindamycin, tetracyclines


•Kill bacteria (bactericidal) 


•e.g. penicillin, cephalosporins, metronidazole


Bactericidal effects of Ca(OH)2   

•Similar effect on aerobic, anaerobic, Gram +ve and Gram -ve bacteria.


•High pH affects enzyme systems in cytoplasmic membranes of bacteria thus 
affecting normal functions of cell growth, metabolism, cell wall integrity. 



Calcium hydroxide
• No resistance


• Blocks some LPS cytokine acute induction phases


• Bactericidal from hydroxide (OH) ion release


• OH ions penetrate biofilms


• Anti-fungal


• Hard tissue repair


• Most alkaline material used in endodontics

Athanassiadis B, Abbott PV, Walsh LJ.  The use of calcium hydroxide, antibiotics and biocides as antimicrobial medicaments in endodontics. Australian Dental Journal 2007;52(1 Suppl):S64-S82.



• E. faecalis survival at high pH is based upon a proton pump which 
acidifies the cytoplasm 

• E. faecalis does not survive at a pH of 11.5 or greater. 

• “Because of the buffering effect of dentine it is unlikely that the high 
pH of 11.5 is attained within dentinal tubules.”

Mechanisms involved in the resistance of E. faecalis to Ca(OH)2 .  
Evans et al.  

Int Endod J 2002



Regional variation in root dentinal tubule 
infection by Streptococcus gordonii 

Love RM 
J Endod 1996

“The pattern of bacterial infection of the cervical and 
midroot areas was similar, characterised as a heavy 

infection with bacteria penetrating as deep as 200 µm.”

Voh 22, No. 6, June 1996 Dentinal Tubule Infection 291 

FiG 1. Histological section of cervical dentin demonstrating heavy 
and deep infection. Line denotes 100/~m. Brown and Brenn stain, 
original magnification ×400. 

formalin, demineralized in formic acid and formalin, neutralized in 
lithium carbonate, washed in water, and dehydrated. The root was 
sectioned through the midroot area, and both segments were then 
blocked in wax. Ten 6-/xm transverse sections, 10 sections apart, 
were cut from the cervical and midroot areas. Twenty apical 6-/xm 
transverse sections, 10 sections apart, starting 1 mm from the apex, 
were cut thereby covering the apical 1 mm of the prepared root 
canal. Sections were stained with a Brown and Brenn stain, and the 
extent of bacterial invasion of the canal wall was recorded first by 
counting the number of tubules infected (wherein 1 to 20 tubules 
infected in each section was classed as mild, 21 to 50 as moderate, 
and >50 as heavy) and by measuring the depth of penetration with 
a graduated microscope eyepiece. Data were analyzed using Stu- 
dent's t test. 

R E S U L T S  

All of the cervical and midroot sections of all the specimens 
exhibited a similar pattern of tubule invasion characterized by a 
heavy superficial layer of penetration involving most of the tu- 
bules; however, the distribution of tubule invasion was variable. 
The depth of penetration was variable from one tubule to another, 
with the maximum depth being 200 /xm (Fig. l). The infection 
pattern for the apical area was significantly different than the 
cervical and midroot areas (p > 0.001), characterized as a mild 
invasion localized to portions of  the root canal with large areas 
showing no penetration (Fig. 2). The depth of penetration was 
variable, but did not exceed 60/xm. One specimen demonstrated a 
moderate infection in an area of dentin that was associated with 
external resorption that had removed the cementum and invaded 
the dentin (Fig. 3). In no case did bacteria penetrate as far as the 
cementum, neither did bacteria invade the dentin from the cemen- 
tum surface. Bacteria were not present in the control specimen. 

DISCUSSION 

[n 1989, Kilian et al. (9) proposed that Streptococcus sanguis 
should be divided into two separate species: S. sanguis senso 
stricto and S. gordonii sp. nov. The two species share phenotypic 
traits considered characteristics of S. sanguis; however, they are 

FIG 2. Apical section taken from 1 to 1.3 mm from the apex. There 
are areas of mild invasion (between the bars) and areas of no 
invasion. Area of cementum-l ike tissue is arrowed. Line denotes 100 
/~m, Brown and Brenn stain, original magnification ×400. 

FIG 3. (,4) Histological section demonstrating a 1 -mm area of external 
root resorption invading the dentin. Original magnification ×40. (B) 
Apical dentin associated with the root resorption demonstrat ing a 
moderate infection. Line denotes 100/~m. Brown and Brenn stain, 
original magnification ×400. 

phenotypically and genetically distinct. The primary habitat of S. 
gordonii is in mature plaque where it is the predominant organism 
of the two species (10, 11). This suggests that S. gordonii could be 
a likely endodontic pathogen and thus it was chosen for this study. 



(Courtesy of P Wright & LJ Walsh)



Dentin tubule invasion by Enterococcus 
faecalis under stress conditions ex vivo 

Ran et al. 
Eur J Oral Sci 2015

“…dentine tubule invasion ability of E. faecalis was markedly 
decreased under alkaline and glucose-starvation stress 

conditions..”



Effect of calcium hydroxide as intracanal medicament on the expression of 
caspase-9 located within the radicular cyst epithelium 

Kontogiannis et al. Aust Endod J 2019

• Influx of calcium ion into the epithelial cells activates the 
intrinsic pathway of epithelium apoptosis. 

• Ca(OH)2 hypothesised to provide the calcium ions. 

“…Ca(OH)2 should be applied in cases with periapical lesions, 
possibly for a longer period of time.”

Calcium hydroxide and cysts



Therapeutic benefits of  
non-aqueous calcium hydroxide

Longer-lasting effect 

Maintained high pH 

Deeper disinfection into dentinal tubules



(Courtesy of P Wright & LJ Walsh)

Irrigate with EDTA prior to 
calcium hydroxide 

placement



Apical aggressive 
Coronal conservative



completely realistic, as dentine chips, debris or other

fluids may be present in certain areas of the canal.

Furthermore, in maxillary teeth there is a possibility of

air bubble entrapment in the most apical part of the

root canal.

Average flow rate of a fluid (Q) within a pipe (such as

the needle lumen) is defined as:

Q ! U " S

where U is the average fluid velocity and S is the area of

the cross section of the pipe (Hughes & Brighton 1999).

Inlet velocity values for the five cases studied (Table 1)

were calculated from flow rate data (Boutsioukis et al.

2007a) using this equation.

Development of laminar or turbulent flow within an

internal domain depends primarily on the Reynolds

number (Re), a non-dimensional quantity which briefly

combines four parameters influencing the flow: fluid

density (q) and viscosity (l), average fluid velocity (u)

and characteristic domain diameter (D).

Re ! q " u " D=l

In the present study Re varied between 177–6379

for the five cases and was calculated at the needle inlet

(Table 1). Re in the rest of the domain is probably

lower, owing to the fact that as the flow area increases,

the velocity has to decrease, due to mass conservation

(Kurtcuoglu et al. 2007). Calculated values are consid-

ered low or moderate and characterize the flow as

laminar or transitional.

The assumption of smooth walls on both the root

canal and the needle is inconsistent with real dentine

anatomy and to the findings of a previous study

(Boutsioukis et al. 2007b). Wall roughness does not

affect laminar flow that was observed in the middle and

coronal third of the canal. Conversely it increases the

resistance when the flow is turbulent, such as the one

observed near the needle outlet in some cases, modi-

fying the flow pattern. This effect depends on the

relative height of the irregularities compared to the

domain diameter and on the Re (McCabe et al. 2004).

It has been recommended that upon completion of

canal preparation the canal contents should be flushed

by means of a small-diameter irrigation needle (27 or

30G), with a safety tip (side-vented) placed in the apical

third of the canal, even to working length or 1 mm

short of it (Abou-Rass & Piccinino 1982, Zehnder

2006). Small-diameter irrigation needles seem to be

more effective because they can reach further into the

canal and thus may result in better exchange and

cleaning (Senia et al. 1971, Chow 1983), as the overall

effectiveness of irrigation is largely determined by the

relative diameter of the irrigating needle and the canal

(Ram). Small-diameter needles (30G) have been also

Figure 7 Distribution of the z-compo-

nent of irrigant velocity as a function of

position on the z-axis (longitudinal axis

of the root canal) for the cases studied.

The needle position is provided for

comparison. Note the increasing depth

of irrigant replacement as the inlet

velocity is increased, which reaches

maximum 1.5 mm apically to the nee-

dle tip in case E.

Boutsioukis et al. Irrigation CFD study

ª 2009 International Endodontic Journal International Endodontic Journal, 42, 144–155, 2009 151

(Boutsioukis et al. 2009)

Irrigant flow of 1.5mm 
forward from tip in 

side-vented needles



Irrigant activation

• Passive ultrasonic irrigation


• Laser activated irrigation


• Gentlewave 🤑



Handling Properties

• Does not dry out - longer shelf-life 

• Better flow in narrower tips – less likely to clump. 

• More radiopaque 

• Easier to remove 
(Chou et al. 2013)



Pulp capping
• Deep caries that approximate the pulp 

chamber in vital teeth


• Pulp tissue apical to the infected / 
inflamed area was usually uninflamed 
and normal.


• Success is dependent on stringent 
aseptic techniques and complete 
removal of carious dentine.

Contents lists available at ScienceDirect

Journal of Dentistry
journal homepage: www.elsevier.com/locate/jdent

Vital pulp therapy: histopathology and histobacteriology-based guidelines to
treat teeth with deep caries and pulp exposure
Domenico Ricuccia, José F Siqueira Jr.b, Yuanyuan Lic, Franklin R. Tayd,!
a Private Endodontic Practice, Cetraro, Italy
bDepartment of Endodontics, Faculty of Dentistry, Estácio de Sá University, Rio de Janeiro, RJ, Brazil
c Department of Prosthodontics, School of Stomatology, The Fourth Military Medical University, Xi'an, Shaanxi 710032, PR China
dDepartment of Endodontics, The Dental College of Georgia, Augusta University, Augusta, GA, USA

A R T I C L E I N F O

Keywords:
caries
direct pulp capping
pulpotomy
vital pulp therapy

A B S T R A C T

Objectives: Vital pulp therapy (VPT) encompasses distinct treatment modalities for deep caries that approximate
the pulp chamber in vital teeth. Confusion exists in the literature in terms of the indication and rationale for each
VPT approach. The objectives of the present study are to elucidate the indications for VPT and to present a set of
histopathology and histobacteriology-based guidelines for VPT in teeth with deep caries.
Methods: Two hundred and sixty-four carious, unrestored and VPT-treated human teeth, which were extracted
for reasons not related to the present study. The teeth were processed for histological and histobacteriological
examination. Other 757 clinical cases that received di!erent VPT procedures were followed-up to identify
success rates, with the longest observational period of 30 years.
Results: Follow-up of the clinical cases indicated that direct pulp capping was successful in 73.2%, partial
pulpotomy in 96.4% and full pulpotomy in 77.8% of the cases. Histological and histobacteriological examination
showed a localised inflammatory response that commonly occurred in the subjacent pulp tissue as soon as the
enamel was penetrated by caries. If the softened and infected dentine were completely excavated, without pulp
exposure, and the cavity restored with an adequate restoration, pulp inflammation frequently subsided. In teeth
showing pulp exposure, the extent of bacterial penetration varied and areas of infection presented severe pulp
inflammation, including micro-abscesses. However, the pulp tissue apical to the infected/inflamed area was
usually uninflamed and normal. Guidelines based on the present histopathological, histobacteriological and
clinical findings are proposed for VPT and mainly involve direct examination of dentine and the exposed pulp
tissue under deep caries for decision-making, and require strict asepsis during procedures.
Conclusions: Vital pulp therapy following the guidelines proposed in the present article has the potential to
improve the outcome of the conservative treatment of mature teeth with deep caries and in some occasions may
be an alternative to pulpectomy.
Clinical Significance: A guideline for VPT in the treatment of deep caries is proposed, focusing on direct ob-
servation of dentine and the exposed pulp tissue under deep caries. Stringent aseptic techniques are mandatory
for VPT procedures to be successful.

1. Introduction

Clinicians are often faced with a dilemma in the treatment of deep
caries that approximate the pulp chamber in vital teeth with closed
apices: whether the dental pulp should be preserved to maintain vitality
or completely removed to prevent necrosis, infection, and induction of
apical periodontitis. Treatment procedures targeting at maintaining the
vitality of all or part of the cariously exposed pulp have not been fa-
voured by the majority of clinicians until recently. Concerns on the

unreliability of vital pulp therapy (VPT) procedures, which include
direct pulp capping, partial pulpotomy and full pulpotomy, were mostly
based on the suboptimal results derived from some follow-up studies.

Pulpectomy procedures are reported to have close to 90% success
rates [1,2]. In contrast, considerably lower success rates were identified
for pulp capping and pulpotomy procedures [3,4]. In a retrospective
study, Barthel et al. [3] reported success rates of 37% and 13%, re-
spectively, for 5-year and 10-year follow-ups of direct pulp capping
procedures. Likewise, Bjørndal et al. [4] reported a success rate of
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Pulp capping

• Calcium hydroxide necroses about 1.5mm of the pulp    (Schroder & Granath 1971)


• Coagulation necrosis


• Necrotic tissues maintain structure


• Remaining tissues can release growth factors to stimulate repair



dentine in two cases (Table 1). Inflammatory changes of varying degree
were observed in all cases. It is noteworthy that all cases were
asymptomatic at the moment of extraction, and responded normally to
pulp sensibility tests.

3.2. Recommendations and guidelines

In cases diagnosed clinically with “reversible pulpitis”, according to
agreed criteria [38,39], two scenarios were encountered at the end of
caries excavation. In the first scenario, there was no pulp exposure and
hard sound dentine, albeit discoloured, could be identified in the dee-
pest part of the cavity. The discoloured dentine could not be removed
with sharp hand excavators from the base of those cavities. In those
cases, cavities were restored by placing a calcium hydroxide-based liner
to cover the thin layer of remaining dentine where the underlying pulp
was showing through (Fig. 4).

In the second scenario, the pulp was exposed to a variable extent

(Fig. 5), ranging from a tiny spot over a single pulp horn (Fig. 5B), to
large areas involving one or more pulp horns (Fig. 5D). Based on these
findings, careful observation with an operating microscope was un-
dertaken to analyse the status of the involved tissues and guide the
subsequent decision-making process. A direct pulp capping procedure
was indicated when the four following conditions were met: 1) the
dentine surrounding the exposure was sound; 2) red, homogeneous and
blood filled tissue was observed on the surface of the pulp wound, with
no yellowish liquefied areas or dark non-bleeding zones; 3) no dentine
chips, displaced during excavation, were present on the wound; and 4)
haemostasis could be achieved within 2-3 minutes after rinsing with a
mild disinfectant such as chlorhexidine or 1% sodium hypochlorite,
followed by the application of a sterile cotton pellet on the surgical
wound. The pulp wound was then covered with a biocompatible and
possibly bioactive restorative material, extended to the dentine sur-
rounding the exposure, and the cavity restored appropriately. Chemi-
cally pure calcium hydroxide, calcium hydroxide-containing bases,

Fig. 5. (A) Interproximal caries lesion in a
maxillary central incisor. Palatal view. The
clinical diagnosis is reversible pulpitis. (B)
Following thorough caries excavation, a tiny
exposure of the pulp horn was identified. The
surrounding dentine was hard and clean. (C)
Direct pulp capping was performed. A calcium
hydroxide lining was placed over the exposed
pulp and the surrounding dentine. The cavity
was subsequently restored with resin compo-
site. (D) Large pulp exposure of the mesial
horns of a mandibular first molar with deep
caries. The clinical diagnosis was reversible
pulpitis. Direct pulp capping with Biodentine, a
tricalcium silicate-based restorative material,
was performed. (E) Re-entrance into the cavity
after 3 months revealed mineralised tissues
barriers “repairing” both exposures. The tooth
responded normally to pulp tests.

Fig. 6. 24-year-old male patient seeking treatment for severe
spontaneous pain originating in the right mandible. The clin-
ical diagnosis was irreversible pulpitis. (A) Periapical radio-
graph shows that the caries lesion is close to the distal pulp
horn. (B) After meticulous caries excavation, two exposures
appeared in the area of the distal pulp horn, containing yel-
lowish avascular tissue that was indicative of partial necrosis.
The surrounding pulp tissue that was visualised through a thin
layer of remaining dentine had a reddish hue, which was in-
dicative of hyperaemia. The tooth was treated with partial
pulpotomy.

D. Ricucci, et al. -RXUQDO�RI�'HQWLVWU\�������������²��

��

Vital pulp therapy: histopathology and histobacteriology-based guidelines to treat teeth with deep caries and pulp exposure. 
Ricucci et al.  J Dent 2019



and refinement process over the years based on histological, histo-
bacteriological and clinical observations. A flow chart encompassing
the clinical procedures to be adopted for VPT is presented (Fig. 11).
They mostly rely on direct observation of dentine and the exposed pulp
tissue under deep caries. Inspection of these tissues has been sub-
stantially improved with the increasing use of magnification by dental
professionals. Although loupes under abundant illumination may be
used, the operating microscope is expected to provide a more refined
and detailed inspection of the a!ected tissues. The rationale of this
histopathology and histobacteriology-based treatment protocol is to
estimate the localisation of the advancing front of infection, both in the
dentine and in the subjacent pulp. No pulp healing is expected to occur
in the presence of infection, and the goal is elimination of the infected
tissues, as well as protection of the uninfected pulp wound with bio-
compatible and potentially bioactive dental materials.

Removal of infected tissues should be performed progressively. In
the deepest part of the cavity, no burs should be used for excavation,
only sharp hand excavators. If pulp exposure occurs, one may assume
that it is caused by the carious process itself and not “accidental”. Direct
pulp capping should only be performed if the surrounding dentine is
sound and the exposed pulp does not exhibit suggestive signs of in-
fection. If these conditions are not met, progressively more invasive
procedures are indicated, until the clinical appearance indicates ab-
sence of infection in the dentine and pulpal wound. This procedure will
allow the clinician to distinguish cases where the pulpotomy procedure
may be indicated from those in which tissue degradation has advanced
to the root canal orifices or beyond. For advanced infection cases,

pulpectomy represents the only treatment option.
A poor correlation between clinical and histologic data has long

been reported [40,42,43]. Consequently, the profession has over the
years accepted the notion that it is not possible to classify accurately the
pulp condition of painful teeth, or to di!erentiate clearly between pulps
that can be saved without definitive root canal treatment. Those pre-
vious studies had limitations in the histologic procedures used at that
time, including the absence of serial sectioning and bacterial staining.
In addition, the degree and depth of infection in the pulp tissue cannot
be ascertained only with haematoxylin and eosin staining alone. Using
defined criteria for clinical and histologic classification of pulp condi-
tions and strict laboratory methodologies, a recent study found a good
correlation between clinical and histologic diagnosis of pulp conditions
[39]. The clinical diagnosis of normal pulp/reversible pulpitis matched
the histologic diagnosis in almost 97% of the teeth, while matching of
the clinical and histologic diagnoses of irreversible pulpitis occurred in
84% of the cases [39]. In that study, the clinical diagnosis of reversi-
bility/irreversibility of pulp inflammation was correlated exclusively to
the presence/absence of bacterial penetration; no correlation was de-
monstrated between clinical symptoms and the extent of pulp degen-
eration [39].

The literature is contentious with respect to the level in which VPT
should end. Removal of inflamed tissue to the level of healthy unin-
flamed pulp is generally considered critical for healing [12,31,44–46].
Visual observation of the exposed pulp under magnification has not
been recommended until recently for evaluating the extent of in-
flammation within the dental pulp. Matsuo et al. [13] suggested that

Fig. 9. A 15-year old boy referred for root
canal treatment of a mandibular first molar
with the diagnosis of irreversible pulpitis. (A)
Radiograph showing extensive occlusal caries
reaching the mesial pulp horns. (B) Occlusal
aspect of the carious lesion after rubber dam
isolation. (C) All pulp horns were exposed after
caries excavation, with dentine chips displaced
into the vascular pulp. Partial pulpotomy was
performed. (D) Occlusal view of the cavity
after partial pulpotomy and haemostasis. (E)
The wound was capped with chemically pure
calcium hydroxide powder and the cavity re-
stored temporarily. (F) Re-accessing the cavity
after 3 months revealed the formation of a hard
tissue barrier that filled the pulpotomised site.
(G) Radiograph taken at the 3 months follow-
up, prior to re-opening. (H) Close-up of the
newly formed calcified barrier.
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Non-aqueous calcium hydroxide

• Enhanced & prolonged disinfection


• Deeper penetration into dentinal tubules


• Easily introduced - better flow characteristics


• Easier to remove


• Economical!
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