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INTRODUCTION
Regenerative endodontic pro-
cedures (REPs) are the biological 
alternatives to induce root devel-
opment in non-vital immature per-
manent teeth (1-3). A microbe-free 
biological environment within the 
root canal system is considered 
prerequisite for any REP. This is 
achieved with the use of intracanal 
irrigants and medicaments. The 
American Association of Endodon-
tists (AAE) (2016) recommend the 
use of calcium hydroxide or low 
concentration of triple antibiotic 

paste (TAP) which is a mixture of ciprofloxacin, metronidazole, and minocycline in a 1:1:1 ratio (4). 
Due to crown discolouration from TAP, the AAE also advocate the use of a modified triple antibi-
otic paste (mTAP) in which the minocycline component is replaced with clindamycin, amoxicillin, 
or cefaclor. They also recommend a double antibiotic paste (DAP) where the TAP has no minocy-
cline component (5). The AAE (2010) recommends the placement of these pastes in the canal for 
1 to 4 weeks. The rationale for the use of paste with multiple antibiotics is to cover the diverse 
microbial species present inside the root canal system (6). Calcium hydroxide [Ca (OH)2] has been 
widely used as a root canal medicament. Its antimicrobial activity is mediated via the release of 
hydroxyl ions in the aqueous environment and alkaline pH (7). Calcium hydroxide-iodoform mix-
ture, calcium hydroxide-chlorhexidine gel, and antibiotic-corticosteroid combinations have also 
been used for root canal disinfection and management of endodontic complications with variable 

•	 In-vitro findings revealed that the calcium hydrox-
ide is a preferred intracanal medicament over the 
antibiotic pastes prior to regenerative endodontic 
procedures in regards of toxicity.

•	 The quality of evidence is insufficient to give any 
recommendations regarding the use of concentra-
tion and duration of medicament.

•	 The heterogenicity among the included studies in 
this systematic review necessitates the need of stan-
dard guideline for in-vitro cell culture experiments.
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This systematic review aimed to evaluate the cytotoxicity of intracanal medicaments used for root canal dis-
infection and assess their effect on the proliferation and differentiation potential of stem cells from apical 
papilla (SCAP). The PubMed/Medline, Cochrane, Scopus, EMBASE, CINAHL and Web of Science databases 
were searched. Studies evaluating the effect of intracanal medicament on human SCAP (in-vitro primary cell 
culture experiment) were included in this systematic review. The risk of bias analysis of included studies was 
carried out using the Toxicological data Reliability Assessment tool. The data was analysed for qualitative 
characteristics. A meta-analysis was not carried out considering the heterogeneity of selected studies in 
terms of cell culture experiments, methods of analysis and the interpretation of results. Four studies fulfilled 
the desired inclusion criteria. The different antibiotic pastes and their intracanal concentrations lead to reduc-
tion in the SCAP survival compared to calcium hydroxide medicament. The findings were insufficient to make 
a clear distinction between different antibiotic pastes regarding their cytotoxicity. Within the limitations of 
the present systematic review, it can be concluded that calcium hydroxide is a relatively better intracanal 
medicament than antibiotic paste mixtures in terms of their cytotoxicity and effect on proliferation of SCAP.
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success rates (8-10). However, there is no evidence suggesting 
their use in regenerative endodontic procedures.

The different authors have elucidated the role of mesenchymal 
stem cells (MSCs) of dental origin in regenerative endodontics 
(11, 12). These include dental pulp stem cells, periodontal lig-
ament stem cells, stem cells of human exfoliated dentition, 
stem cells of apical papilla, dental follicular cells, tooth germ 
progenitor cells, and induced pluripotent stem cells. The api-
cal papilla is a dense reservoir of undifferentiated MSCs with 
great capacity of proliferation and odontogenic differentiation 
(13, 14). During the development of the root, Hertwigs epithe-
lial root sheath regulates the SCAPs via epithelial-mesenchy-
mal interactions (15). The apical papilla is present in continuity 
with the root canal space, in close appproximity to the tooth-
apex. Thus, this rich source of stem cells should be preserved 
for performing REPs (16).

The antimicrobial effect of intracanal medicaments is well es-
tablished; however, their cytotoxicity on the SCAP is still de-
batable. Several in-vitro studies have evaluated their effect 
on the survival and proliferation of apical papilla cells (17-24). 
The concept of regenerative endodontics revolves around the 
availability of SCAP and their ability to sustain in presence of 
pre-existing infection and proliferate further. The purpose of 
this systematic review was to determine the cytotoxicity of in-
tracanal medicaments on the SCAP. An attempt was also made 
to perform the quality analysis of studies and identify the lacu-
nae in the literature for future research.

MATERIALS AND METHODS
This systematic review was carried out according to Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines (25). The protocol was registered with 
https://share.osf.io/registration/461CC-5FB-9CB.

Information sources
PubMed/Medline, Cochrane, Scopus, EMBASE, CINAHL, and 
Web of Science databases were searched till 15th December 
2020 without any restriction of language and year of publi-
cation. Google Scholar and OpenGrey search was performed 
for the grey literature. The references of eligible studies were 
also checked to identify the additional papers. Hand search-
ing was performed in the Journal of Dental Research, Journal 
of Oral Sciences, Acta Odontologica Scandinavica, Journal 
of Endodontics, International Endodontic Journal, and Pedi-
atric Dentistry. Authors of the studies were contacted for ad-
ditional details wherever required. Two authors (NT and MR) 
performed the literature search and selection of the studies 
independently as per the predefined search strategy. Any dis-
agreement was resolved after consultation with a senior re-
viewer (VM).

Search strategy
The research question posed for performing the search was: 
Which intracanal medicament have the least cytotoxic effect 
on the survival of SCAP? The PICOS for the eligibility criteria 
was: (P)- Cultured SCAP originally isolated from immature ex-
tracted human teeth (I)- Culture of SCAPs in the media con-
taining intracanal medicament/s (C)- Cells cultured in different 
types of intracanal medicaments/without any medicament 

(positive control)/cytotoxic agents (negative control) (O)- SCAP 
cell viability and/or proliferation and/or differentiation (S)- In-
vitro setting. Animal experiments and studies performed in 
clinical settings were excluded.

Keywords used for the literature search
The search strategy comprised of text words and MeSH terms. 
A broad-based search was implemented with individual key-
words: “Intracanal medicaments”, “Polyantibiotic paste”, “TAP”, 
“Triple antibiotic paste”, “mTAP”, “modified Triple antibiotic 
paste”, “3-mix paste”, “DAP”, “Diantibiotic paste”, “Antibiotic 
paste”, “Calcium hydroxide”, “Calcium hydroxide-Iodoform”, 
“Iodoform paste”, “Ledermix paste”, “Intracanal steroids”. Par-
tial search with the Boolean tools AND and OR was done with 
above individual keywords and with “Stem cells from apical 
papilla”, "SCAP" and “Apical papilla cells” in different possible 
combinations. The strategy for partial search was (1) Search 
((Intracanal medicaments [Text Word]) OR Intracanal medica-
ment [MeSH Terms]) (2) Search ((((Polyantibiotic paste [MeSH 
Terms]) OR Triple antibiotic paste [Text Word]) OR TAP [Text 
Word]) OR modified Triple antibiotic paste [Text Word]) OR 
mTAP [Text Word]) OR 3-mix paste [Text Word]) OR Diantibiotic 
paste [Text Word] OR DAP [Text Word] OR Antibiotic paste [Text 
Word] OR Calcium hydroxide [Text Word]) OR Calcium hydrox-
ide-Iodoform [Text Word]) OR Iodoform [Text Word]) OR Led-
ermix paste [Text Word]) OR Intracanal steroids [Text Word]) 
(3) Search (((((((((((((SCAP [Text Word] OR Stem cells from api-
cal papilla [Text Word] OR Apical papilla cells [Text Word]. The 
titles and abstracts were evaluated for suitability of inclusion 
in the systematic review, and duplicates were removed by the 
means of EndNote reference management software. 

Study selection and eligibility criteria
Inclusion criteria- (a) studies evaluating the effect of intracanal 
medicament on human SCAP using in-vitro cell culture exper-
iment, (b) studies should mention the details of culture media 
used for SCAPs culture, MSCs surface marker/s used for de-
tection of SCAP, and the passage of cell lines used, (c) studies 
with results reported in the form of SCAP cell viability and/or 
proliferation and/or differentiation, (d) studies with complete 
details of its endpoint/s (results may be at one-time point or 
more than one-time point), (e) the type of assay used for cell 
viability/proliferation/differentiation analysis must be men-
tioned in the experiment. Exclusion criteria- (a) animal studies, 
(b) human trials carried out without culturing the cells derived 
from the apical papilla of extracted teeth, (c) studies evaluat-
ing the effects on any other type of dental stem cells, (d) stud-
ies evaluating the combinations of intracanal medicaments 
where a distinction cannot be made in the results of individual 
medicament, (e) systematic reviews or narrative reviews, (f ) 
case reports or case series.

The authors of the full-text articles where the methodology 
was inadequately explained were contacted before exclusion 
(17, 18, 20). The list of excluded full-text articles and the rea-
sons for their exclusion are given in Table 1.

Data collection process
A self-designed sheet, pilot tested on two of included studies 
was used for data extraction. Two calibrated reviewers (MR and 
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NT) collected the data from the included studies. Depending 
on the different variables collected, the Cohen’s kappa values 
between examiners ranged from 0.70 to 0.80. In case of dis-
agreement, the third reviewer (VM) was consulted and it was 
resolved by consensus.

Risk of Bias of individual studies
ToxRTool (Toxicological data Reliability Assessment tool) was 
used for the assessment of the quality of the included studies 
(26). This tool provides an exhaustive criteria and enlighten-
ments for the evaluations of the quality of toxicological data. 
Each study was assessed for risk of bias using five criteria [test 

substance/drug identification (maximum points-4), test organ-
ism/cell characterization (maximum points-3), description of 
study design (maximum points-6), documentation of study re-
sults (maximum points-3), and plausibility of study design and 
results (maximum points-2)] by two reviewers (MR and MA) in-
dependently. In an event of disagreement, senior reviewer NT 
was consulted and his opinion was considered as final. ToxR tool 
comprised of an 18-point rating checklist for the assessment 
of methodological aspects of each study. Studies scoring less 
than 11 points were considered unreliable, those with scores 
11-14 points were reliable with possible restrictions and studies 
with scores 15-18 points were reliable without restrictions.

Figure 1. PRISMA flowchart
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Statistical analysis
The included studies had variations in terms of medicaments 
used, their concentrations, assessment methods, intervals of 
assessment and interpretation of results. Considering the het-
erogeneity of the data, it was only analyzed for descriptive 
characteristics without meta-analysis. Cohen’s kappa statistics 
was used to determine inter-reviewer agreement.

RESULTS

Study selection
The search conducted in six electronic databases identified 
the 7703 articles. Forty-nine additional records were found via 
other sources. After elimination of duplicates and evaluation 
of titles and abstracts, 27 full-text articles were short-listed. 
They were further assessed for eligibility and finally four arti-
cles were included for qualitative data analysis, and reliability 
assessment. The details of the search have been presented as 
PRISMA chart in Figure 1.

Study characteristics
Table 2 describes the demographic details of the included 
studies-author name, year, journal name, country, study de-
sign, type of intracanal medicament used, and their concen-
tration. Table 3 describes the characteristics of SCAP cells used 
in individual studies such as their source, MSC surface markers 
used for identification, the passage of cell line, and the cell cul-
ture media used. The assessment of the viability, proliferation, 
and differentiation of SCAP with details of their methods, inter-
vals, and the results have been described in Table 4 and Table 5.

Quality assessment of individual studies according to the 
ToxR Tool
The agreement scores between the two reviewers (MR and 
MA) were 75% which shows the substantial agreement. The 
four eligible studies were assessed for the inherent quality of 
toxicological data. As shown in Figure 2, three studies were 
considered reliable without restrictions (score 15 or more) and 
one study with a score of 14 was reliable with restrictions.

TABLE 2. Demographic details and characteristics of studies included in the systematic review 

Author	 Year	 Journal	 Country	 Type of	 Intracanal medicament 	 Concentration of intracanal 
				    study		  medicament

Khoshkhounejad M	 2019	 European	 Iran	 In-vitro	 1. TAP (metronidazole, ciprofloxacin,	 Minimum inhibitory 
et al. (19)		  Journal of			   and minocycline)	 concentration, Minimum
		  Dentistry			   2. mTAP (metronidazole, ciprofloxacin,	 bactericidal concentration, 
					     and clindamycin)	 Minimum biofilm
					     3. DAP (metronidazole, ciprofloxacin)	 inhibitory concentration
					     4. Ca (OH)2 [Chemical Biodynamics
					     e Pharmaceutica LTDA, Ibiporã, PR, Brazil]
					     5. Augmentin
Bi J et al. (27)	 2018	 International	 China	 In-vitro	 1. iRootFM (Innovative Bioceramix Inc., 
		  Endodontic			   Vancouver, BC, Canada) composed of
		  Journal			   calcium silicates, zirconium oxide, calcium 
					     phosphate monobasic, calcium hydroxide 
					     and filler agents
					     2. Ca (OH)2 [(Solarbio, Beijing, China)	 Ca (OH)2 – Powder and 
					     mixture of Calcium hydroxide powder	 sterile water at a ratio 
					     and sterile water]	 0.17 g /0.1 mL
					     3. TAP	 TAP- 0.1mg/mL
					     (Metronidazole, ciprofloxacin and 
					     minocycline in a 1: 1: 1 ratio)
Althumairy,	 2014	 Journal of	 USA	 In-vitro	 1. TAP (Metronidazole, ciprofloxacin,	 1 mg/mL 
RI et al. (23)		  Endodontics			   and minocycline in a 1:1:1 ratio)	 (a watery consistency)
					     2. DAP (Metronidazole and ciprofloxacin	 Or 
					     in a 1:1 ratio)
					     3. Ca (OH)2 [Ultracal (Ultradent, South	 1000 mg/mL 
					     Jordan, UT) composed of Calcium	 (a paste consistency) 
					     hydroxide and Barium sulphate] 
Ruparel NB	 2012	 Journal of	 USA	 In-vitro	 1. TAP (metronidazole, ciprofloxacin,	 0.01, 0.1, 1, 10 and 
et al. (28)		  Endodontics			   and minocycline in a 1:1:1 ratio)	 100 mg/mL
					     2. DAP (metronidazole and ciprofloxacin
					     in a 1:1 ratio)
					     3. Modified TAP -mTAP (metronidazole,
					     ciprofloxacin and cefaclor in a 1:1:1 ratio)
					     4. Augmentin
					     5. Ca (OH)2 [Ultracal (Ultradent, South 
					     Jordan, UT) composed of Calcium 
					     hydroxide and Barium sulphate]

TAP: Triple antibiotic paste, mTAP: Modified triple antibiotic paste, DAP: Double antibiotic paste
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Calcium hydroxide vs. Triple antibiotic paste (TAP)- effect 
on SCAP survival 
All the included studies compared calcium hydroxide and 
triple antibiotic paste in multiple concentrations in terms 
of SCAPs survival (19, 23, 27, 28). A study (19) had reported 
nearly similar cytotoxicity with TAP and calcium hydroxide 
at minimum inhibitory concentration (0.2 mg/mL) whereas 
it was significantly high for the calcium hydroxide at a mini-
mum bactericidal concentration (16 mg/mL). Two studies (23, 
28) found increased viability of SCAPs with calcium hydrox-
ide as compared to TAP, whereas no significant change was 
observed in the loss of viability and cell membrane integrity 
with various doses of calcium hydroxide and low doses (0.01 
and 0.05 mg/mL) of TAP in one study (27). Although, the 
changes were significant when SCAPs were cultured in more 
than 0.1 mg/mL of TAP. 

Calcium hydroxide vs. modified Triple antibiotic paste 
(mTAP)- effect on SCAP survival
A study (19) had reported higher cytotoxicity to SCAPs with 
calcium hydroxide compared to mTAP at minimum bacteri-
cidal concentration (MBC) whereas it was less for mTAP at 
minimum inhibitory concentration (MIC). Another study (28) 
had compared calcium hydroxide and modified Triple an-
tibiotic paste at concentrations of 0.01, 0.10, 1.00, 10.0, and 
100 mg/ml and found that calcium hydroxide has no effect 
on SCAP cells’ viability at any concentration. However, there 
was a significant dose-dependent cytotoxic effect on cell vi-
ability with mTAP.

Calcium hydroxide vs. Diantibiotic paste (DAP)- effect on 
SCAP survival
One study (28) found the detrimental effects of DAP on the 
SCAPs with less than 20% viability when exposed to 10 mg/
ml and 100 mg/ml. The survival rate was observed to be 33% 
to 56% when exposed to 1 mg/ml of medicament. No detri-
mental effect was found at any of the concentrations of cal-
cium hydroxide. Another study (23) had found no effect of 

DAP on the viability of SCAP at low concentration (1 mg/ml) 
whereas the concentration of 1000 mg/ml was highly cyto-
toxic. They also found the increased SCAP survival with cal-
cium hydroxide compared to DAP whereas more cytotoxicity 
was observed with calcium hydroxide compared to DAP at 
MBC in one study (19).

TAP vs. mTAP vs. DAP- effect on SCAP survival
Three studies have compared the cytotoxicity of different 
antibiotic combinations on SCAP (19, 23, 28). One study (19) 
found that at MIC, MBC, and MIBC, the cytotoxicity of TAP, DAP, 
and mTAP was nearly same with TAP being least cytotoxic. No 
significant difference was observed between TAP and DAP 
in terms of SCAP survival both at 1mg/ml and 1000 mg/ml 
concentrations as per the results of another study (23). One 
of the studies (28) also showed TAP, DAP, and mTAP to have 
detrimental effects on the survival of SCAP with less than 20% 
viability when exposed to each of the three combinations at 
concentration 100 mg/ml and 10 mg/ml, while the cell survival 
rate ranged from 33% to 56% at 1 mg/ml.

Assessment of proliferation of SCAP
Two studies have evaluated the proliferation of SCAP after 
exposure to intracanal medicaments (19, 27). One study (19) 
had used the WST-1 assay at MIC, MBC, and MBIC that demon-
strated the highest proliferation rate with TAP followed by DAP 
and mTAP. The proliferation was lowest for Augmentin at MIC 
and calcium hydroxide at MBC. Another study (27) with CCK-8 
assay found that the SCAP cultured in a medium with iRoot FM 
was associated with greater proliferation compared to those 
cultured in calcium hydroxide or TAP.

Assessment of differentiation of SCAP
Only one study (27) evaluated the effects of intracanal medica-
ment on the differentiation potential of SCAP. They found an 
increase in mineralization with the iRoot FM compared to cal-
cium hydroxide, TAP, and control groups. They also observed a 
decrease in mineralization after exposure to TAP.

TABLE 3. Source of stem cells from apical papilla (SCAP) and their characteristics

Author	 Year	 Source of SCAP	 Passage cell line used	 Surface marker/s for SCAP	 Culture media used 
		  cells used		  cell identification

Khoshkhounejad M	 2019	 Immature extracted	 Third to fourth	 STRO-1	 DMEM with 10% FBS,  
et al. (19)		  human mandibular			   L-glutamine and
		  third molar			   antibiotics
Bi J et al. (27)	 2018	 Human impacted	 Third	 Positive for CD73,	 α-MEM with 15% FBS, 
		  third molars with		  CD90, CD105, CD146	 L-ascorbic acid and 
		  immature roots		  Negative for CD31	 antibiotics 
				    and CD34
Althumairy, RI	 2014	 Previously characterized	 Fifth to seventh	 Previously characterized	 α-MEM with 10% FBS, 
et al. (23)		  SCAP cell line (RP-89)		  SCAP cell line (RP-89)	 L-glutamine and antibiotics 
		  obtained from immature		  with molecular markers 
		  human extracted third		  CD73, CD90, and CD105 
		  molars
Ruparel NB	 2012	 Apical papillae of	 Fifth to eighth	 STRO-1	 α-MEM with 10% FBS,  
et al. (28)		  extracted immature			   L-glutamine and antibiotics 
		  human mandibular 
		  third molars

DMEM: Dulbecco's Modified Eagle Medium, α-MEM: Alpha minimum essential medium, FBS: Fetal bovine serum
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DISCUSSION
The objective of this systematic review was to analyze the cyto-
toxicity of various intracanal medicaments used for root canal 
disinfection prior to regenerative endodontic procedures. The 
results revealed that calcium hydroxide was relatively lesser 
cytotoxic to SCAP cells compared to the different antibiotic 
paste combinations. The regeneration of pulp-dentin complex 
with REPs requires disinfection of root canal space which can 
be achieved with the use of suitable intracanal medicaments. 
AAE guidelines (2016) recommend the use of calcium hydrox-
ide or antibiotic paste for 1-4 weeks for REPs. Similar to all 
regenerative medicine approaches, these procedures also re-
quire an interplay of stem cells, scaffolds, and growth factors. 
As a result, it is important that the SCAP available after disin-
fection are in adequate number and quality. This is a difficult 
proposition due to the known cytotoxic properties of popular 
intracanal medicaments, although, the findings of this system-
atic review revealed that calcium hydroxide and low concen-
tration antibiotic pastes are less cytotoxic.

Due to the accessibility to the collateral circulation, the api-
cal papilla tends to wall off the necrosis of pulp and survive 

even though both the tissues are in continuity to one another 
(13, 29). This can be also due to the infection-resistant nature 
of SCAP (30, 31). It is also important to understand that the 
presence of SCAP is essential for root development/matura-
tion (13, 32-34). Therefore, maintaining the survival of SCAPs 
is essential for the success of REPs. Considering the crucial role 
of SCAP, their survival was assessed by several authors after 
exposure to intracanal medicaments. Furthermore, the prolif-
eration and differentiation of SCAP were also investigated by 
researchers (19, 27). To evaluate the evidence exclusively for 
SCAP, this systematic review included only the studies men-
tioning MSC markers for SCAP identification. The proliferation, 
differentiation, and expression of MSC markers demonstrate 
the stemness of cultured cells derived from the apical papilla. 
SCAPs are located in the perivascular region and show positive 
expression of MSC markers such as STRO-1 and CD146 with 
both fading with each passage (35-37). Moreover, SCAPs also 
show positive expression of CD73, CD90, and CD105 (38). The 
low passage cell lines are generally preferred for studying the 
differentiation of cells, however, using the cell lines with con-
sistent growth properties should be pursued as a rule (39, 40).

TABLE 5. Assessment of proliferation and differentiation of stem cells from apical papilla 

Author	 Proliferation	 Differentiation	 Observations 
	 assessment method	 assessment 
	 and intervals	 method and intervals

Khoshkhounejad M	 WST-1 assay	 -	 At minimum inhibitory concentration, the cell 
et al. (19)	 1, 3, 5 days		  proliferation for TAP, DAP, mTAP, Augmentin and calcium 
			   hydroxide were 219.17%, 151.25%,164.63%,84.66% and 
			   159.41% respectively
			   At minimum bactericidal concentration, the cell 
			   proliferation for TAP, DAP, mTAP, Augmentin and calcium 
			   hydroxide were 220.87%,180.53%,130.53%,66.93% and 
			   17.94 % respectively
			   At minimum biofilm inhibitory concentration, the cell 
			   proliferation for TAP, DAP, mTAP and Augmentin was 
			   220.87%,206.87%,99.69%, and 66.93% respectively
Bi J et al. (27)	 CCK-8 assay	 Osteogenic-Alizarin red S	 Low doses of iRoot FM (0.1 and 0.5 mg/mL) significantly
	 1, 3, 5 day	 after 4 weeks	 elevated the proliferation rate of SCAP (P<0.001), especially 
			   at the concentration of 0.5 mg /mL. High doses of iRoot FM 
			   (1.0 and 2.5 mg/mL) had no significant effects on the 
			   proliferation rate of SCAP. 
			   Low doses of Ca (OH)2 (0.1 and 0.5 mg/mL) also improved 
			   the proliferation rate of SCAP (0.1 mg/mL, P=0.043; 0.5 mg/ 
			   mL, P<0.001), whilst high doses (1.0 and 2.5 mg/mL) 
			   decreased the proliferation rate (1.0 mg/mL, P=0.009; 2.5 
			   mg/mL, P<0.001) However, TAP significantly suppressed 
			   SCAP proliferation at all doses except at the dose of 0.01 
			   mg/mL (P=0.082).
			   iRoot FM had a greater capacity to elevate SCAP 
			   proliferation in 3 and 5 days than the Ca (OH)2 and TAP groups. 
			   After 4 weeks of differentiation iRoot FM increased 
			   mineralized nodules formation compared with the 
			   Ca (OH)2, TAP and control groups, whilst TAP decreased the 
			   formation of mineralized nodules of SCAP.
Althumairy, RI	 -	 -	 Proliferation and survival data presented as a single entity 
et al. (23)
Ruparel NB	 -	 -	 Proliferation and survival data presented as a single entity 
et al. (28)

WST-1: Assay for Cell Proliferation and Viability, iRoot FM: A Novel intracanal medicament, CCK-8: Cell counting kit 8, TAP: Triple antibiotic paste, DAP: Double antibiotic 
paste, mTAP: Modified triple antibiotic paste, SCAP: Stem cells from apical papilla 
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This systematic review involved the qualitative synthesis of 
four in-vitro studies fulfilling the inclusion criteria. We do not 
come across any substantial evidence supporting the AAE 
recommendation for the use of calcium hydroxide or low con-
centration of triple antibiotic paste (0.1-1.0 mg/ml) as an intra-
canal medicament prior to REP. In actual clinical scenario, the 
standard formulations of triple antibiotic paste are not readily 
available and it is formulated by mixing the powders of differ-
ent antibiotics in a desired proportions with the normal saline. 
In order to obtain a paste-like consistency more antibiotic 
powder is required that further increases the concentration to 
as high as 1000 mg/ml (23). Concentrations in this range can 
be highly detrimental to SCAP survival. The modifications of 
TAP (mTAP, DAP) have been considered for its use as an intra-
canal medicament pertaining to its tooth discoloration poten-
tial. Similarly, Nashaat et al. (2021) (41) in their study compared 
the cytotoxicity of TAP in combination with an anti-inflamma-
tory drug Catafast (TAPC) in its Nano and regular forms with 
calcium hydroxide and found that the cytotoxicity of Nano 
TAPC was lower than calcium hydroxide whereas it was higher 
compared to regular TAPC.

Ca (OH)2 is one of the commonly used intracanal medicaments 
for root canal disinfection during the REPs. However, the con-
ventional CH paste may not be optimal as paste carriers may 
not reach the apical area, thus affecting the efficiency of the dis-
infection procedure (42). Different vehicles, such as propylene 
glycol, distilled water, physiological saline, anaesthetics, and 
glycerin have been used to improve their canal insertion (43). 
They determine the speed of ionic dissociation, thus allowing 
the absorption of the paste by the root canal and the periapical 
tissues (9). Barium sulphate has also been included in commer-
cial products to improve their radiopacity whereas camphor-
ated para-monochlorophenol, and chlorhexidine, have also 
been incorporated to enhance the antimicrobial effect (7, 44). 
Thus, the composition of different Ca (OH)2 pastes varies greatly 
which influences their ability of canal disinfection as well as 
their cytotoxic potential to the stem cells.

AAE guidelines (2016) recommend the intracanal medica-
ments for 1-4 weeks for adequate disinfection of the root 

canal. However, there were considerable variations in the end-
points of SCAP viability assessment among the included stud-
ies. It has been observed that the concentration of intracanal 
medicaments used has more impact on the survival of stem 
cells compared to the duration of contact (23, 27). It was found 
that when the concentration of antibiotic paste was 1000 mg/
ml, it leads to total loss of viability of stem cells in the first 7 
days. However, when the concentration used was 0.01 mg/
ml, no significant effect was seen on the viability (23). Another 
study revealed that low concentration of iRoot FM (0.5 mg/ml), 
calcium hydroxide (0.5 mg/ml), and TAP (0.01 mg/ml) results 
in significantly more number of viable stem cells compared 
to higher concentration when analyzed at day 1, 3 and 5 days 
(27). Among the included studies, one study (19) had used 
LDH Assay and WST-1 Assay for viability assessment, whereas 
others had used CCK-8 assay, Cell Titer-Glo luminescence as-
say, and TC10 automated cell counter. Therefore, even though 
the outcome was similar, the method of outcome assessment 
was variable among the different studies.

The risk of bias assessment is an integral component of any 
systematic review. It helps to identify the quality of evidence 
available in the literature and whether it is reliable to draw 
any conclusion from their results. There is a number of tools 
to assess the quality of animal studies and human trials. How-
ever, a standardized quality assessment tool for in-vitro cell 
culture studies is not available. The Toxicological Data Relia-
bility Assessment tool was the most appropriate tool available 
for the reliability of in-vitro cell culture studies included in the 
present review. It comprised of 18 items; however, many items 
were subjective thus can lead to an assessment bias. Although, 
the risk of bias assessment was done by two reviewers (MR 
and MA) with 75 percent agreement scores, still we emphasize 
the need for a better risk of bias assessment tool for in-vitro cell 
culture studies.

The heterogenicity of the included studies in terms of designs, 
methods, and interpretation of results make it difficult to pool 
the results and perform a quantitative synthesis. Although, 
iRootFM a novel bio-ceramic material was used in only one 
study, it was found better compared to TAP and calcium hy-

Figure 2. Quality assessment of the selected articles according to the Toxicological data Reliability Assessment 
Tool (ToxR Tool) in-vitro criteria
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droxide (27). It has significantly elevated the proliferation rate 
of SCAP at low doses (0.1 and 0.5 mg/ml) whereas no signifi-
cant effects were observed at high doses (1.0 and 2.5 mg/ml). 
The majority of included studies revealed calcium hydroxide 
better in terms of viability and proliferation of SCAP compared 
to other medicaments. However, a contradictory observation 
was made in one study (19) that found calcium hydroxide be-
ing more cytotoxic than antibiotic pastes (TAP, mTAP, DAP and 
Augmentin) at their minimum bactericidal concentration (16 
mg/ml). This concentration was found to be much higher than 
the concentrations used in other studies. When the results 
were compared for TAP, DAP, and mTAP, a distinction could 
not be made in this review. Only one study (27) had assessed 
the differentiation potential of SCAP in presence of intracanal 
medicament using Alizarin red staining (Osteogenic). They 
found that iRoot FM increases the formation of mineralized 
nodules as compared to calcium hydroxide, TAP and control 
groups after cultured in an induction medium for 4 weeks. 
Thus, in order to draw a conclusion pertaining to differentia-
tion, future studies should include differentiation potential as 
an outcome variable.

Strenghts
This systematic review addressed an important research 
question. According to the authors an appropriate method-
ology, precise inclusion criteria, and lower risk of bias among 
included studies make the observations of this systematic re-
view more reliable.

Limitations
The present systematic review observed a high degree of het-
erogenicity among the studies and hence the meta-analysis 
could not be carried out. This could be attributed to the ab-
sence of clear guidelines for in-vitro cell culture experiments 
regarding the passage of cell lines to be used, time points for 
assessment of viability and proliferation. The subjectivity of 
risk of bias analysis can also be a limitation of the present sys-
tematic review.

CONCLUSION
Within the limitations of the present systematic review, it can 
be concluded that calcium hydroxide is a relatively better in-
tracanal medicament than antibiotic paste mixtures in terms 
of their cytotoxicity and effect on the proliferation of SCAP. The 
evidence is inadequate to evaluate their effect on the differen-
tiation potential of SCAP. Commonly used medicaments like 
triantibiotic paste, modified triantibiotic paste and diantibiotic 
paste are comparable and less cytotoxic when they are used in 
appropriate concentrations.

Clinical significance
The findings of this systematic review suggested that the 
calcium hydroxide is a relatively less cytotoxic intracanal 
medicament compared to antibiotic paste mixtures. However, 
comparable clinical and radiographic success outcomes have 
been observed in the literature for their use in regenerative 
endodontic procedures (45). This necessitates need for further 
clinical research to prove the superiority of one over other in 
terms of clinical success, radiographic outcomes, tendency for 
tooth discoloration and ability to regain the pulp sensibility.
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