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Efficacy of alternative medicaments for pulp treatment in primary teeth in the short-

term: meta-analysis 

 

Abstract 

Objective: This systematic review and meta-analysis aimed to evaluate the overall, clinical, 

and radiographical success rates of alternative pulpotomy medicaments in primary teeth. 

Methods: A systematic search of five databases was conducted following the PRISMA 

guidelines. Prospective clinical trials utilising alternative pulpotomy medicaments in children 

were included. The outcome measures were overall, clinical, and radiographic success, 

expressed in percentages and converted to odds ratios (OR). Fifteen articles were included in 

the meta-analysis. 

Results: combined OR for overall, clinical, and radiographic success was 0.55 [95% CI: 

0.12-2.41; P=0.42; I2=76%], 1.03 [95% CI: 0.57-1.86; P= 0.92; I2=0%] and 0.84 [95% CI: 

0.54-1.47; P=0.66; I2=34%], respectively. The results suggest an inconclusive outcome in the 

success rate of alternative medicaments. 

Conclusions: There is insufficient evidence to support the efficacy of alternative pulpotomy 

medicaments for use in primary teeth. Further robust studies are required before such 

alternative medicaments should be used in clinical practice.  
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Introduction  

The primary tooth pulpotomy was popularised in the early 1900’s and to date remains the 

most commonly used technique for the management of deep dentinal caries in children.1, 2 

The aim of a pulpotomy is to amputate the inflamed coronal pulp and preserve the vitality of 

the radicular pulp, thereby facilitating the normal exfoliation of the primary tooth. 

Diagnosing the status of the pulp in a child is challenging and the treatment outcomes are 

heavily influenced by the clinical and radiographic signs and symptoms as well as the 

appropriate use of pulpotomy medicaments and/or techniques.3, 4 

 

Over the years numerous pulpotomy medicaments have been described, the most common 

being calcium hydroxide (CH),5 formocresol (FC),6 ferric sulphate (FS), 7 and mineral 

trioxide aggregate (MTA).8 FC was first introduced in 1904 and has long been considered the 

gold standard of pulpotomy medicaments with reported success rates ranging from 84% to 

100%.9 However, questions remain around the safety of FC and in particular its constituents 

formaldehyde and cresol.10-12 According to the American Academy of Pediatric Dentistry 

(AAPD) Guideline, FC and FS has been supported by numerous studies for long-term clinical 

success.13 In addition, electrosurgery (ES) has been demonstrated to show a promising 

clinical success.14 A recent Cochrane review evaluated the efficacy of commonly used 

pulpotomy medicaments (CH, FC, FS, and MTA) and found no evidence to identify 

superiority between materials.15 However, AAPD believes that MTA could be the 

medicament of choice in the future.13, 16, 17 Nevertheless, the cost of MTA may preclude its 

clinical use and while FS may be used instead, it confers little additional benefit other than its 

haemostatic potential.15, 18 These issues have led to a shift in the popularity and use of certain 

pulpotomy agents while sparking interest in the development and investigation of alternative 

pulpotomy medicaments.1, 19 
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Alternative medicaments for pulpotomy have been described in the literature such as 

antioxidant Mix (AM) [consisting of enzymes and non-enzymes],20 allium sativum oil (AS) 

[garlic extract],21 ankaferd blood stopper (ABS) [a medicinal plant extract comprised of a 

standardised mixture of dried grass and leaf extracts],22 aloe vera (AV),23 calcium enriched 

mixture (CEM) [a calcium oxide based endodontic cement],24, 25 copaifera langsdorffii oil 

resin (CLOR) [oleo-resin obtained from the stem bark of Copaifera langsdorffii a tropical 

rainforest tree],26 propolis (P) [a resinous substance produced by honey bees from collected 

plant products],27 platelet concentrates (PC),28and thymus vulgaris (TV) [also known as 

garden thyme, a pernnial herb native to Southern Europe].27All of these medicaments vary in 

terms of their pharmacological mechanisms of action with most possessing anti-

inflammatory, anti-oxidant, anti-microbial, reparative, and/or wound healing properties.  

 

A recent systematic review assessed the outcome of herbal medicine versus standard 

pulpotomy medicaments but this was not comprehensive in including the aforementioned 

medicaments.29 Therefore, the current meta-analysis aims to evaluate the overall, clinical, and 

radiographical success rates of alternative medicaments for pulpotomies in primary teeth. 

 

Materials and methods  

Study selection 

The meta-analysis was registered on the PROSPERO database (registration number: 

CRD42018089660) and conducted according to the PRISMA guidelines.30 Two authors (JP 

and RA) independently conducted a systematic search of the literature in January 2018. The 

following digital databases were accessed: PubMed, Web of Science, Medline, Cochrane 

Library, and CINAHL, in order to assess published studies that reported on alternative 
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pulpotomy medicaments for use in primary teeth. The search was conducted using the 

following keyword combination: pulpotomy, pulp therapy, pulp treatment, primary, 

deciduous, tooth, teeth, dentition, with the prefix ‘AND’ and ‘OR’. No time of publication 

limit was placed, but only articles published in English were included. In the screening stage, 

the title and abstracts of publications were reviewed and the duplicated studies were excluded. 

Subsequently, full text copies were reviewed for elgibility in the meta-analysis. The inclusion 

criteria were as follows: prospective clinical trials investigating alternative pulpotomy 

medicaments namely: AM, AS, ABS, AV, CEM, CLOR, P, PC, and TV. Studies that did not 

meet the inclusion criteria were excluded. A consenus was reached after through discussion if 

any discrepancies arose between the two examiners. 

 

Data extraction 

The following were analysed as variables: study design, study sample (number and age 

range), length of the follow-up period, and the primary outcome (overall success, clinical 

success, and radiographic success). The infomration was extracted as per population (P), 

intervention (I), comparison (C), and outcome (O) criteria. In order to improve the power the 

meta-analysis, any studies that had deviated methodologies from previous published studies 

were excluded.22, 31, 32 

 

Data synthesis 

The parameters for the meta-analysis consisted of analysing successful outcomes using the 

adopted odd’s ratio (OR) formula:33 

 

OR = ad / bc 

a = Number of successes in the intervention group 
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b = Number of successes in the comparison group 

c = Number of failures in the comparison group  

d = Number of failures in the intervention group 

 

After obtaining the necessary parameters, a meta-analysis was undertaken in accordance with 

Review Manager software (RevMan 5.0 for Windows, Last Update - 2014). The statistical 

parameters were set as follows: Statistical significance (P< 0.05), statistical heterogeneity in 

accordance the Chi-Squared test (P-value of 0.1), and a high degree of heterogenity 

classification if inconsistency (I2) test value is greater than 50%.34 

 

Risk of bias 

Cochrane’s Collaboration tool for assessing risk of bias was used quality assess each 

studies.35 The checklist consisted of: random sequence generation (selection bias), allocation 

concealment (selection bias), blinding of participants and researchers (performance bias), 

blinding of outcome assessment (detection bias), incomplete outcome data (attrition bias), 

selective reporting (reporting bias), and other potential biases. These domains were assessed 

by examiners and were categorised as having low, unclear, or high levels of risk. Furthermore, 

Oxford Centre for Evidence-based Medicine (OCEBM) were utilised to critically evaluate the 

the evidence.36 

 

Inter-agreement Reliability 

Inter-agreement reliability was calculated between the two independent reviewers, in the data 

extraction (identification, screening, eligibility, and inclusion) stage (%). In addition, during 

the quality assessment stage (risk of bias), SPSS version 24.0 (IBM Company, Chicago, Il, 
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USA) was used to compute kappa statistics as a measure to test the inter-agreement reliability 

amongst the reviewers.37 

 

Results 

Study selection  

A total of 203 articles were initially identified through database and manual searching. One 

hundred duplicate citations were and excluded. Based on the title and abstract, 38 articles 

were considered for inclusion. Further analysis of the full text articles resulted in 23 articles 

being excluded and fifteen articles fufilled the inclusion criteria and were included in the 

meta-analysis.20, 22, 23, 25-28, 31, 32, 38-43 Within the fifteen articles, only five reported overall 

success.23, 25, 28, 31, 43 Four articles compared three pulpotomy medicaments,26, 27, 41, 42 and an 

additional article compared four pulpotomy medicaments (Figure 1).39 

 

Study characteristics  

All the studies were prospective randomised controlled trials. Participants demographic 

details in all of the included studies were collated and a summary is outlined in Tables 1, 2 

and 3. The countries where the studies were undertaken comprised of: Egypt, India, Iran, and 

Turkey. None of the studies reported on the socio-economic status of the participants and 

most studies recruited the participants in a university/teaching hospital setting.  

 

Data extraction 

One outcome was derived as a result; percentage of success (overall, clinical, and 

radiographic). The studies in the meta-analysis consisted of parameters analogous to the 

PICO criteria namely, Population: country of the study conducted, sample size (patient / 

tooth), age range; Intervention: type of alternative pulpotomy medicament; Comparison: type 
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of pulpotomy medicament; Outcome: clinical success (%) defined by: lack of soft tissue 

pathologies, lack of pain, and lack of pathologic mobility, and radiographic success (%) 

defined by: lack of furcation, periapical radiolucency, and lack of external and internal root 

resorption. 

 

Risk of bias  

The quality assessment outcomes of the selected studies using the Cochrane Collaboration's 

tool for assessing the risk of bias are outlined in Figure 2. Approximately 87% (13 out of 15) 

of studies were deemed to have an unclear risk of selection bias due to allocation 

concealment. 87% (13 out of 15) of the studies stated the randomisation procedure within the 

methods; however, 13% (2 out of 15) of the studies did not provide this information hence, 

was only assumed that they were randomised appropriately.23, 31 All studies had a high risk of 

performance bias as blinding of the participants and researchers was not conducted. 

Approximately 13% (2 out of 15) of studies were deemed to have a high risk of attrition bias 

with incomplete outcome data, and this was attributed to greater than 20% loss of follow-up 

after treatment. Furthermore, 47% (7 out of 15) of studies had a low-risk of reporting bias, 

which was primarily due to including all the outcomes stated in the meta-analysis such as, 

overall clinical and radiographic success.22, 26, 27, 38, 39, 41, 42 According to OCEBM standards, 

all studies included in the meta-analysis achieved an evidence level of 2B, which was 

primarily due to being low quality randomised controlled trials.  

 

Inter-agreement Reliability 

The inter-agreement reliability between the two reviewers was 95.8% (200 out of 203 

studies), 92.1% (35 out of 38 studies), 92.1% (35 out of 38 studies), and 100% (15 out of 15 

studies) at the identification, screening, eligibility, and inclusion stages, respectively. Any 
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discrepancies were resolved through discussion, until a consensus was reached. Each 

domains provided in Cochrane Collaboration's tool for assessing the risk of bias had a strong 

to almost perfect inter-agreement reliability between the independent reviewers, with a kappa 

score of: 0.820 (Random sequence generation), 0.822 (Allocation concealment), 0.913 

(Blinding of participants and researchers), 0.800 (Blinding of outcome assessment), 0.921 

(Incomplete outcome data), 0.890 (Selective reporting), and 0.900 (Other biases) respectively. 

 

Meta-analysis: Overall success 

Studies reporting the overall success based on prospective clinical trials are summarised in 

Table 1 and Figure 3. The age of the participants included in these studies ranged from 4 

years to 10 years with a follow-up period ranging from 6 to 24 months. The overall success 

ranged from 6.9% to 90% for the intervention group. The overall success ranged from 71.4% 

to 92% for the comparator group. Only one study reported a statistically significant overall 

success.23 The combined OR was 0.55 [95% CI: 0.12-2.41; P = 0.42] with a substantial 

heterogeneity (I2 = 76%) - see Figure 3. 

 

Meta-analysis: Clinical success 

The prospective clinical trials reporting on clinical success rates are summarised in Table 2 

and Figure 4. The age of the participants included in these studies ranged from 3 years to 10 

years with a follow-up period ranging from 3 to 24 months. The overall success ranged from 

84% to 100% for the intervention group. The overall success ranged from 80% to 100% for 

the comparator group. Only two studies reported a statistically significant clinical success.28, 

41 The combined OR was 1.03 [95% CI: 0.57-1.86; P= 0.92] and no evidence of 

heterogeneity was observed (I2 = 0%) - see Figure 4. Furthermore, as illustrated in the forest 
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plot (Figure 4), it was impossible to estimate the odds ratio for all as seven out of the eighteen 

groups had similar success rates.   

 

Meta-analysis: Radiographic success 

The prospective clinical trials reporting on radiographic success rates are summarised in 

Table 3 and Figure 5. The ageof the participants included in these studies ranged from 3 years 

to 10 years with a follow-up period ranging from 3 to 24 months. The overall success ranged 

from 0% to 100% for the intervention group. The overall success ranged from 40% to 100% 

for the comparator group. Only one study reported a statistically significant radiographic 

success.28, 41 The combined OR was 0.84 [95% CI: 0.54-1.47; P=0.66] and moderate evidence 

of heterogeneity (I2 = 34%) - see Figure 5. Furthermore, as illustrated in the forest plot 

(Figure 5), it was impossible to estimate the odds ratio for all as two out of the eighteen 

groups had similar success rates.   

 

Discussion 

To our knowledge, this meta-analysis is the first to both qualitatively and quantitatively 

evaluates the evidence supporting the use of alternative pulpotomy medicaments in primary 

teeth. AM,20, ABS,22 AS,31 CEM, 25, P,39 PC,32 and TV39 had a greater percentage of either 

overall, clinical, and/or radiographic success in comparison to the traditional pulpotomy 

medicaments. Within the meta-analysis only two of the studies showed statistical significant 

outcomes, but these were considered to be of a high risk of bias.23, 41 The remaining studies 

concluded that the alternative pulpotomy medicaments did not show significantly better 

outcomes when compared to the traditional medicaments.  
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Furthermore, within the forest plot, it was impossible to estimate the OR for several studies 

for clinical23, 25, 26, 39, 40, 43 and radiographic25, 43 success rates as both the intervention and 

comparison had the same percentage outcome. 

 

It is important to note that most of these studies were conducted in Egypt, India, Iran, and 

Turkey hence, further clinical trials from different countries are required to extrapolate the 

results. Nevertheless, moderate to high risk of bias was evident in the published studies, 

which was primarily due to lack of blinding. The OR values provided in the meta-analysis do 

not support the use of alternative medicaments in the overall, clinical, and/or radiographic 

success (OR = 0.55 vs. 1.03 vs. 0.84, respectively). Nevertheless, as the results are not 

statistically significant, the efficacy of theses alternative medicaments remains questionable. 

 

In addition, only the overall success generated a large heterogeneity in comparison to clinical 

and radiographic success (I2 = 76% vs. 0% vs. 34%, respectively). The clinical heterogeneity 

can be attributed to patient selection, disease severity and variations in the restorative 

management, which explains the wide range in the odds ratio. However, it is also important 

to note that most of the studies included in this review have a short duration, with the longest 

follow-up time being 24 months. Therefore, there is a need for high quality RCTs conducted 

in accordance with the COSORT statement, with longer follow-up to make definitive 

conclusions.44 

 

On a global scale, untreated dental caries in the primary dentition affects an estimated 621 

million children and is the 10th most prevalent disease affecting children.45 Untreated dental 

caries has the potential to adversely impact a child’s oral health related quality of life 

(OHRQoL).46, 47 Untreated dental caries affects several quality of life domains including 
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orofacial pain, psychosocial impact, orofacial appearance, and oral function.48 There is 

evidence to support an improvement in OHRQoL following comprehensive dental 

rehabilitation under general anaesthesia.49, 50 To date, there are no published studies that 

comprehensively assess dental patient-reported outcomes (dPRO) after the use of alternative 

pulp medicaments in primary teeth.48 However, from the available published studies, the 

absence of soft tissue pathology and pain is used as a measure of clinical success.20, 22, 23, 25-28, 

31, 32, 38-43 Since it is not specific enough, there is a need for high quality dPRO studies to be 

able to highlight the importance of patient-perceived impact after using alternative pulp 

medicaments.51   

 

None of the alternative medicaments namely (AM, AS, ABS, AV, CEM, CLOR, P, PC, and 

TV) when used for primary molar pulpotomies demonstrated any significant difference when 

compared with the traditional medicaments (CH, FC, FS, MTA, ZOE). These findings could 

suggest them to be prospective alternative pulpotomy medicaments. Alternatively, it well 

demonstrates that the medicament is not a significant factor in the final outcome of a 

pulpotomy procedure in primary teeth. 

 

Conclusion  

There is insufficient evidence to support the efficacy of alternative pulpotomy medicaments 

for use in primary teeth. Future high quality RCTs are essential before such medicaments can 

be considered suitable alternatives to mainstream pulpotomy medicaments. 
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Legends:  

Figure 1. Process of data collection in accordance with the PRISMA statement for systematic 

reviews.  

Figure 2. Assessment of risk of bias of the studies included in the meta-analysis.  

Figure 3. Forest plot of overall success based on prospective clinical trials. 

Figure 4. Forest plot of clinical success based on prospective clinical trials. 

Figure 5. Forest plot of radiographic success based on prospective clinical trials. 
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Table 1 - Overall success based on prospective clinical trials 

Study   Country Age  Tooth Duration Intervention  Comparison Outcome (Success Rate - %)  

Kalra et al. 2017 
 

India  4 - 10 years  60 12 months AV MTA 6.9% vs 71.4% (P < 0.001)   

Malekafzali  et al. 2011 Iran 4 - 8 years 80 24 months CEM MTA 85.0% vs 80% 
 

Mohammad et al. 2014 Egypt 4 - 8 years 40 6 months AS FC 90% vs 85% (P > 0.05)  
 

Patidar et al. 2017 India  5 - 9 years 50 6 months  PC 
 

MTA 90% vs 92% (P < 0.0005) 

Yaman et al. 2012 
 

Turkey 6 - 9 years 60 12 months  ABS FC 85.7% vs 89.3%   

AS - Allium sativum oil; ABS - Ankaferd blood stopper; AV - Aloe vera; CEM - Calcium enriched mixture; FC - Formocresol; MTA - Mineral trioxide aggregate; PC - Platelet concentrates 
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Table 2 - Clinical success based on prospective clinical trials  

Study  
 

Country Age  Tooth Duration Sub-Groups Intervention  Comparator Outcome (Success Rate - %) 

Alolofi et al. 2016  
 

Egypt  4 - 6 years 60 12 months Group 1 P TV 
 

88.2% vs 94.4% (P = 0.37)  

 
 

    Group 2 P FC 88.2% vs 88.2% (P = 0.37)  

Cantekin and Gümüş. 2014 
 

Turkey 4 - 6 years 66 12 months  ABS FS 84.8% vs 90.9% (P > 0.05) 

Hugar et al. 2017  
 

India 4 - 9 years 90 3 months  Group 1 P T  
 

100% vs 100%  

     Group 2 P CH 100% vs 80% (P = 0.22)  
 

 
  

    Group 3 TV CH 100% vs 80% (P = 0.22) 
 

Kalaskar and Damle. 2004 
 

India  4 - 7 years 56 6 months  PC CH 100% vs 96.4% 

Kalra et al. 2017 
 

India  
 

4 - 10 years  60 12 months  AV MTA 100% vs 100%  

Kathal et al. 2017 
 

India 6 - 9 years 40 12 months   AM MTA 94.7% vs 88.9% (P = 0.604) 

Khorakian et al. 2014 
 

Iran 4 - 6 years 102 24 months   CEM ES+ZOE 100% vs 100% 

Kusum et al. 2015 
 

India  3 - 10 years 75 9 months Group 1 P BD 
 

84% vs 100% (P = 0.03)   

 
 

    Group 2 P MTA 84% vs 100% (P = 0.03)  

Malekafzali  et al. 2011 
 

Iran 4 - 8 years 80 24 months  CEM MTA 100% vs 100%  

Mohammad et al. 2014 
 

Egypt 4 - 8 years 40 6 months  AS FC 90% vs 80% (P > 0.05) 

Musale and Soni. 2016 India 4 - 8 years 142 12 months Group 1  CLOR FC  
 

100% vs 100% 

 
 

    Group 2 CLOR WMTA 100% vs 100% 

Odabaş et al. 2011 
 

Turkey 4 - 8 years 48 12 months   ABS+CH CH 95% vs 90% (P > 0.05)  

Ozmen and Bayrak. 2017 
 

Turkey 6 - 9 years 45 24 months Group 1 
 

ABS FC 87% vs 87% (P > 0.05)  

 
 

    Group 2 ABS FS 87% vs 100% (P > 0.05)  
 

Patidar et al. 2017 
 

India  5 - 9 years 50 6 months  PC MTA 92% vs 92% (P < 0.0005) 
 

Yaman et al. 2012 Turkey 6 - 9 years 56 12 months   ABS FC 100% vs 100% 
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AM - Antioxidant mix; AS - Allium sativum oil; ABS - Ankaferd blood stopper; AV - Aloe vera; BD - Biodentine®; CEM - Calcium enriched mixture; CH - Calcium hydroxide; CLOR - 
Copaifera langdorffii oil resin; ES - Electrosurgery; FC - Formocresol; FS - Ferric sulphate; MTA - Mineral trioxide aggregate; P - Propolis; PC - Platelet concentrates; TV - Thymus vulgaris; 
ZOE - Zinc oxide Eugenol; WMTA - White mineral trioxide aggregate 
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Table 3 Radiographic success based on prospective clinical trials 

Study  
 

Country Age  Tooth Duration Sub-Groups  Intervention  Comparator Outcome (Success Rate - %) 

Alolofi et al. 2016  
 

Egypt  4 - 6 years 60 12 months Group 1  P TV 
 

73.3% vs 88.2% (P = 0.14) 

 
 

    Group 2  P FC 73.3% vs 73.3% (P = 0.14) 

Cantekin and Gümüş. 2014 
 

Turkey 4 - 6 years 66 12 months   ABS FS 84.8% vs 87.8% (P > 0.05) 

Hugar et al. 2017  
 

India 4 - 9 years 90 3 months  Group 1  P T  
 

93.3% vs 86.7% (P = 0.61) 

     Group 2  P CH 93.3% vs 73.3% (P = 0.33) 

 
 

    Group 3  TV CH 86.7% vs 73.3% (P = 0.65) 
 

Kalaskar and Damle. 2004 
 

India  4 - 7 years 56 6 months   PC CH 100% vs 96.4% 

Kalra et al. 2017 
 

India  4 - 10 years  60 12 months   AV MTA 0% vs 100%  

Kathal et al. 2017 
 

India 6 - 9 years 40 12 months    AM MTA 94.7% vs 88.9% (P = 0.604) 

Khorakian et al. 2014 
 

Iran 4 - 6 years 102 24 months    CEM ES+ZOE 90.0% vs 95.2% (P = 0.62) 

Kusum et al. 2015 
 

India  3 - 10 years 75 9 months Group 1  P BD 
 

72% vs 82% (P = 0.001)  

 
 

    Group 2  P MTA 72% vs 92% (P = 0.001)  

Malekafzali  et al. 2011 
 

Iran 4 - 8 years 80 24 months   CEM MTA 100% vs 100% (P = 0.40) 

Mohammad et al. 2014 
 

Egypt 4 - 8 years 40 6 months   AS FC 80% vs 40% (P > 0.05)  

Musale and Soni. 2016 
 

India 4 - 8 years 142 12 months Group 1  CLOR FC  
 

76% vs 90.9% (P = 0.1) 

 
 

    Group 2  CLOR WMTA 76% vs 88.2% (P = 0.1) 

Odabaş et al. 2011 
 

Turkey 4 - 8 years 48 12 months    ABS+CH CH 95% vs 90% (P > 0.05)  

Ozmen and Bayrak. 2017 
 

Turkey 6 - 9 years 45 24 months Group 1  ABS FC 87% vs 80% (P > 0.05) 

 
 

    Group 2  ABS FS 87% vs 87% (P > 0.05) 
 

Patidar et al. 2017 India  5 - 9 years 50 6 months   PC MTA 87% vs 92% (P < 0.0005) 
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Yaman et al. 2012 
 

Turkey 6 - 9 years 56 12 months   ABS FC 100 vs 100% 

AM - Antioxidant mix; AS - Allium sativum oil; ABS - Ankaferd blood stopper; AV - Aloe vera; BD - Biodentine®; CEM - Calcium enriched mixture; CH - Calcium hydroxide; CLOR - 
Copaifera langdorffii oil resin ; ES - Electrosurgery; FC - Formocresol; FS - Ferric sulphate; MTA - Mineral trioxide aggregate; P - Propolis; PC - Platelet concentrates; TV - Thymus vulgaris; 
ZOE - Zinc oxide Eugenol; WMTA - White mineral trioxide aggregate 
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