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Abstract: It is currently recognized that an injudicious strategy in the last decades has been not 

only focusing of research typically on caries in children, but also the narrow focusing on fluoride, 

because despite sufficient availability of fluoride in water and oral healthcare products, caries 

levels escalate steadily as people get older and caries remain a main public health issue to be 

settled. In the last two decades the scientific community intensified efforts of exploring other 

products for caries prevention, herbal products being one of these approaches. Because 

preliminary evidence indicated that clinical trials for caries prevention with herbal products are 

heterogeneous in design, quality and products evaluated, we performed a scoping review 

intended to explore the main characteristics of such clinical trials. From an initial collection of 1986 

unique papers from different literature databases, 56 articles satisfied the inclusion and exclusion 

criteria. The species investigated, dosage forms, study designs, duration of intervention, controls, 

endpoints, quality of reporting and risk of bias are discussed. 85.71% of the trials reviewed here 

reported positive results but given the methodological flaws and biases affecting them, it is 

difficult to conclude on the efficacy of those products based on the studies published thus far. 
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1. Introduction 

Dental caries (also known as tooth decay) is regarded as the lifestyle dependent human disease 

with the highest prevalence in the world [1]. It is not simply “holes in the teeth”, but rather the 

result of a complex, multifactorial and dynamic process involving bacteria that produce acids by 

food fermentation, the acids eroding and dissolving the tooth minerals and hard tissues [2,3]. In the 

case of children, if not prevented or treated in time, it may have broad negative consequences, 

affecting the masticatory function, speech, smile, as well the quality of life of the little patient [4]. 

There is accumulating evidence that indicates a potential relationship between the changes in the 

immune system manifesting slowly in the elderly and the risk of caries development and 

complications, although this relationship is complex and our knowledge of it is currently very 

limited and fragmentary [5]. 

Although the leading model on caries formation has shifted from an emphasis on particular 

microbial species (“the Specific Plaque Hypothesis”) to a broader involvement of bacterial species 

and strains (the “Ecological Plaque Hypotheses”), it is generally still accepted that the main causal 

agents among the mouth bacteria involved in the initiation of the cariogenic process are represented 

by the mutans streptococci: Streptococcus mutans and Streptococcus sobrinus [6,7]. In a recent study 

comparing children with and without caries from Greece (age varying between 3 and 13 years), S. 

mutans were detected in 66% of the cases, whereas S. sobrinus had a frequency of only 11%; the 

microbes were detected more often and in higher numbers in the children with active caries [8]. In 

other studies, though, the frequencies of S. mutans and S. sobrinus in children with caries have been 
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similar [9] or higher for S. sobrinus [10], and often both germs have been detected. Preschool [9] and 

school children [10], as well as children with intellectual disabilities [11] harboring both 

Streptococcus species (S. mutans and S. sobrinus) tend to have an increased incidence of dental caries 

than their counterparts harboring S. mutans only.  

S. mutans belongs to a group of bacteria whose pathogenicity is closely related to their capacity 

of creating biofilms on solid surfaces (such as teeth), developing 3D structures that protect them 

against antibiotics and other potential aggressors through the interbacterial interactions and an 

exopolysaccharide-rich matrix [12, 13]. This species synthesizes several adhesins with high affinity 

and specificity for a diversity of constituents of the extracellular matrix (ECM) and other 

biochemical compounds from the human body or from different species of bacteria [14]. An adhesin 

protein, located on the cell surface of S. mutans and known as spaP, AgI/II, PAc, P1, B and MSL-1, 

interacts with a human receptor glycoprotein involved in innate immunity, and when this receptor 

protein becomes adsorbed upon the surface of the teeth, it will also function as a receptor for the 

adherence of streptococci such as S. mutans [15]. The proteins of the Ag I/II family are involved in 

the so-called sucrose-independent mechanism of virulence, which is additional to a sucrose-

dependent mechanism, involving a series of glucosyltransferases and glucan-binding proteins 

synthesized by the pathogen [12]. The analysis of mutans streptococci in saliva has been proposed 

as a tool in assessing the risk of developing caries in individual patients, because a relatively high 

correlation between bacterial counts in saliva and dental plaque has been shown [16].   

Although the mutans streptococci are most widely known for their causative contribution to 

developing dental caries, a series of data have shown that other microbial species, such as anaerobic 

Scardovia wiggsiae, Veillonella parvula, Streptococcus cristatus, and Actinomyces gerensceriae may also be 

associated with severe early childhood caries, and the presence of S. wiggsiae in particular has been 

confirmed in cases where S. mutans bacteria were not detected [17].  

Although acids produced through fermentation of sugars by acidogenic and aciduric bacteria 

are able to provoke demineralisation of the dental exterior, it has been shown that they are not 

cariogenic per se, the process of caries development requiring the involvement of proteolytic 

enzymes active in a low pH environment [18]. Matrix metalloproteinases (MMPs) of human cell 

origin have been more recently proposed as causally contributing to this process, besides 

collagenases of bacterial origin [18]. However, although the relevance of these other factors is 

recognized, it has been argued that in the absence of sugars “the chain of causation is broken” and 

all other factors are thus mere variables that alter/modify the cariogenic process, but they are not 

alternative contributors to the effect and thus, it is claimed, is rather misguided to speak about the 

cariogenic process as a “multifactorial” one [19]. Sucrose is the most cariogenic, but glucose, 

fructose and other mono- and disaccharides are also incriminated for their key role in dental caries 

development (whereas processed food starches have a considerably lower cariogenic potential) [19].  

In the last three or four decades the frequency of caries lesions and their severity have 

decreased in young children, teenagers and adults from a growing number of countries. The factors 

contributing to this are represented by improved lifestyle habits (increased use of fluoride, 

especially as toothpaste, some reduced sugar intake has also been claimed) and expanding the 

frequency of medical check-ups [20]. Despite such improvements, it has been recently stated that 

irrespective of age, “caries and periodontal diseases are among the most prevalent diseases in 

mankind” [21], 60-90% of the children and 92-93% of adults from the age of 20 to ages older than 65 

years have dental caries (treated or untreated) [5, 22]. In this context improving the prevention and 

treatment of caries should remain a priority of the health professions.  

A slow shift is currently taking place in the dental profession, from a cyclic and repeated 

restorative approach based on filings to a population and individual prevention approach, 

restoration being seen rather as a last resort [23]. Nevertheless, it has been acknowledged that the 

interventions currently in use for the prevention of dental caries are not robustly rooted in scientific 

evidence, the majority of studies being derived from children and young patients, conducted 

without considering the caries risk of the subjects, and “there is a lack of evidence for caries 

preventive methods in adults with increased caries risk” [21, 24]. Under the heading “Caries 

prophylactic agents”, the ATC code (A01AA) developed by the World Health Organization 
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recognizes only a number of four fluoride derivatives: sodium fluoride, sodium 

monofluorophosphate, olaflur, and stannous fluoride, as well as a number of fluoride 

combinations. “Antiinfectives and antiseptics for local oral treatment” are grouped under a 

different subheading of stomatological preparations, because they have a broader range of 

indications, such as gingivitis, stomatitis etc [25], but such products are claimed to be useful inter 

alia to prevent dental caries [26].  

It is nowadays also acknowledged that a misguided strategy in the last decades has been not 

only the concentration of research efforts mostly on caries in children, but also on the use of 

fluoride; currently it is uncontested that despite ample availability of fluoride in water and oral 

healthcare products (toothpaste, oral solutions etc), caries levels rise unwaveringly as people get 

older and the caries remains a key public health issue to be solved [19].  In this context, a certain 

interest has been manifested (particularly in the last two decades) in the scientific community for 

exploring other products than fluoride derivatives for caries prevention. 

As for other therapeutic areas [27–30], mining natural sources such as bee products or 

medicinal plants and ethnopharmacology data have been looked upon as a potential way forward. 

A preliminary search of the published clinical trials carried out for caries prevention with herbal 

products suggested that there is relatively broad heterogeneity in design, quality and herbal 

products evaluated clinically for this purpose. Therefore, a systematic review was considered rather 

inappropriate; instead, we performed a scoping review whose purpose is generally to “to map the 

body of literature on a topic area” [31], in our case herbal products investigated in clinical trials for 

caries prevention.  

 

2. Results and discussions 

1986 unique papers were retrieved from the different sources and screened to give a final pool 

of 56 articles, reporting on the same number of clinical studies (Figure 1). We could not gain access 

to the full-text of four publications for which the abstract was available (one was only published as 

a meeting abstract); in one of the four cases we contacted the correspondence author and asked for 

a reprint, but no reply was received; for the other three cases we could not find an e-mail address of 

the corresponding author.  

Study purpose and objectives 

The large majority of studies published include in their introductory section one or a few 

sentences describing the main purpose or objective of the clinical trial reported on. In most cases, 

the objective was the investigation or evaluation of the effects of a certain herbal product on 

bacteria from the oral cavity, assumed to be the main cause of caries. In half of the studies (28/56), in 

stating the purpose direct reference was made to the effect on salivary S. mutans, for instance “to 

assess the effect of rinsing with green coffee bean extract in comparison with chlorhexidine 

mouthwash and sterile water on salivary Streptococcus mutans count” [32]. In a smaller number of 

cases, reference was made to other bacterial or fungal species, most often besides mutans 

streptococci: lactobacilli (6 papers) and Candida albicans (2 articles). Other papers, stating the 

purpose made general references to the effect on the dental biofilm (n=2), to cariogenic 

microorganisms/microflora or microbial counts (n=9) or to the implicit allusion to an antimicrobial 

effect by stating the purpose as evaluating certain extracts “as mouthwashes” (n=2). In other words, 

in over 83% of the papers included in our review (47 out of 56), the purpose was stated in broader 

or narrower terms of antimicrobial effects. In a minority of papers, the purpose was formulated 

with reference to other variables assumed to be relevant for the cariogenic processes: plaque, pH, 

salivary secretion or certain ion concentrations (Ca2+, PO43-) (n=5) or the effect on human salivary 

amylase (n=1). In two cases the objective was explicitly stated as the assessment of the anti-

cariogenic effect or caries-prevention effect of the intervention, whereas in a small study the 

objective was of a purely exploratory nature: to investigate "the effects on oral conditions of adding 

three oranges per day to the diet of children already receiving a balanced diet". 
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Understanding the purpose and objective(s) of the published studies is important because they 

are (or should be) in a direct connection with the primary endpoint(s) used in designing and 

carrying out the trial. As shown by this summary, trials have been primarily focused on efficacy 

and less on safety.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Prisma flow diagram showing the paper selection process. 
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Dosage forms 

In the 56 papers reviewed, a number of 60 dosage forms were used, because in two studies 

more than one dosage form was investigated (three in one case and two in additional two studies). 

The dosage forms used in these studies and frequency of their use are shown in Figure 2.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Dosage forms used in the studies reviewed and their frequency. 

By far the dosage form most widely used in the studies under review was the mouth wash 

(MW) or mouth rinse (the two terms are for all practical purposes synonymous, but the official term 

in the European regulatory system is “mouth wash” [33]). This is line with what other authors 

report (without a quantitative backing), e.g. “For many years, MW has been the most frequently 

tested vehicle for antimicrobial compounds.”[34]. A critical review on how herbal products 

contributed to oral care (not exclusively focused on caries preventive herbals) also found similar 

results: 47.5% of the products included in that study were MWs, whereas toothpastes represented 

only 7.3% and oral gels 6.0% [35]. 

What is the reason for using MWs so extensively? Has this dosage form certain clinical 

advantages over the others or it just happens to be more convenient (easier to prepare and possibly 

to administer)? It has been argued that mechanical elimination of the bacterial plaque through 

brushing and flossing performed regularly and in an effective manner is the key solution to 

lowering the risk of caries development, and MWs should be used only when in conjunction with 

these mechanical means [36]. It would seem therefore that using herbal extracts or other herbal 

products for oral hygiene in dentifrices is a more logical approach for increased efficiency, but 

dentifrices were noticeably less frequent than MWs. One may also question the residence time of 

the active ingredients in the mouth when using a simple MW, likely to be washed out by the 

salivary flow. In the case of chlorhexidine gluconate at least, it has been demonstrated that 

significant amounts of the antiseptic substance are detected up to 12 hours after the last application 

of a MW, which indicates that this should not be a concern [37]. Certainty is not to be had, though, 

in the case of the different herbal products, because it is known that other compounds than 

chlorhexidine, such as several quaternary ammonium salts have shown good efficacy in vitro, but 

little or no plaque inhibitory action in vivo, a fact likely related to the residence time and delivery 

characteristics in the oral cavity of these potential antibacterial compounds [38]. Throughout the 

clinical studies performed up to date we have identified generally no interest for estimating the 
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residence of the active ingredients in the oral cavity or other aspects of the topical delivery of the 

active ingredients.  

Mouth gels have higher viscosity, attained by use of a variety of bioadhesive polymers, and 

therefore they may ensure a longer residence time of the active ingredient(s) in the oral cavity in 

comparison with MWs, resulting thus (in theory) in better efficacy. Besides, this longer residence 

may lead to less frequent administrations and lower amounts of active ingredients, improving 

patient acceptance and adherence to treatment [39]. The biopharmaceutical considerations for 

compounds acting in the mouth are more complex and not limited to the residence time; but if the 

active ingredient is not adsorbed or bound within the oral cavity, it will have to exert its 

pharmacodynamics effects in a time interval shorter than 15 minutes, a rapidity of action that few 

compounds have [38]. Direct (head-to-head) comparisons in similar conditions of use for MWs and 

gels are limited in the literature. A systematic review, based on a small number of relatively 

heterogenous studies found that in direct comparisons, chlorhexidine MWs had better efficacy (but 

also additional safety issues) than dentifrices and gels in three out of five studies [40]. However, 

that review grouped together gels and dentifrices, and if the latter are excluded, the results become 

inconclusive (in one study the gel had better results than MW, in another a gel formulation was 

equally effective as a MW, whereas a dentifrice gel was inferior (but this should rather be 

considered a dentifrice than a gel). Moreover, this review was limited to chlorhexidine, which is 

known to be sensitive to interactions with some of the ingredients of the dentifrices such as anionic 

compounds, abrasives, calcium and sodium monofluorophosphate, reducing its availability and/or 

activity. In the case of fluoride the interest for gels seems to have decreased in the favour of fluoride 

varnishes [41], which ensure even longer residence times of the active ingredient (fluoride) in the 

mouth. It seems quite unreasonable to extrapolate from this meager prior knowledge on 

chlorhexidine to herbal ingredients with different chemical and biological properties. One study 

reviewed here compared three formulations of Lippia sidoides Cham. essential oil: MW, mouth gel 

and dentifrice; only the dentifrice had a statistically significant effect in terms of colony forming 

units of S. mutans [42]. The question remains therefore open whether MWs are the ideal dosage 

form or if dentifrices and gels could offer better alternatives for local delivery of caries protection 

agents.  

A sugar-free lollipop based on a licorice extract was investigated in four clinical trials, 

performed in different parts of the world [40–43] 

. This is not a conventional dosage form, but rather one migrated from the field of 

confectionary to that of health. It has been argued that it can be used for oral health purposes across 

a broad spectrum of patient ages, and that such herbal lollipops should be recommended as an 

alternative to conventional, cariogenic lollipops [46]. Blurring the line between traditional sweets 

and medicines or medicines-like products might still rather encourage the use of the former in the 

detriment of health or the excessive use of the herbal lollipop, perceived as risk-free, with 

unwanted consequences. Concerns over the potential abuse of such lollipops and the need of the 

dental practitioners to educate patients to stick to the recommended doses have already been 

expressed in the medical literature, particularly because glycyrrhizin, the main ingredient of the 

licorice extract is apt to induce pseudoaldosteronism by inhibiting 11 beta-hydroxysteroid 

dehydrogenase type 2, the enzyme involved in converting cortisol to the less active cortisone [47].  

Chewing gum has tended to bear a transmutation from a mere pleasurable item to a health-

promoting product, a phenomenon that paralleled the substitution of sugar as a sweetener with 

polyols, particularly xylitol [48]. Whereas xylitol- and other polyol-sweetened chewing gums have a 

potential of reducing the risk of caries development by increasing bicarbonate-rich salivary flow 

and a direct effect of polyols against microbial organisms through the creation of a net energy loss 

(“the futile cycle”) [48], chewing gums become also increasingly attractive as dosage forms of their 

own, for a variety of active ingredients intended to act topically (in the mouth) or systemically [49]. 

The use of the chewing gum as a dosage form for herbal ingredients in three of the studies 

reviewed here is in this context not surprising.  

In four studies the investigated herbal products assumed to have caries preventive actions 

have been used as such, with no pre-processing or extraction: these were mostly seeds, small fruits 
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containing seeds (achenes, e.g. Foeniculum vulgare Mill.) or a fresh sliced orange taken at the end of 

each meal, and in a single case, fresh leaves (Ocimum tenuiflorum L.). Chewsticks (Garcinia mannii 

Oliv.) or miswack sticks (Salvadora persica L.), employed in two studies, are also as a matter of fact 

unprocessed or minimally processed herbal products. 

Herbal products evaluated in clinical trials 

The majority of cases, the herbal products evaluated in the trials reviewed here were derived 

from a single plant species, but in a smaller number of cases, they were more complex formulations, 

obtained from three or more distinct species. A number of 67 species have been used in the 56 

sources reviewed here, of which 31 have been clinically evaluated singly, whereas 36 additional 

species were only part of complex products used and assessed for caries prevention (Table I). The 

families most represented were Asteraceae, Fabaceae and Lamiaceae (5 species each), Myrtaceae (4 

species), Apiaceae and Rutaceae (3 species each), Combretaceae, Ericaceae, Lauraceae, Rosaceae, 

Rubiaceae and Zingiberaceae (2 species each). Among the species investigated singly, most studied 

was Camellia sinensis (L.) Kuntze (leaf), with a number of seven trials, Terminalia chebula Retz. (fruit), 

evaluated as monotherapy in 5 trials and in combination with other products in four additional 

trials, and Glycyrrhiza uralensis Fisch. (root), looked over in 6 trials as monotherapy and in an 

additional one in combinations. Unfortunately, in many cases the authors of the reporting papers 

did not provide minimal details on the herbal source besides the name of the plant species: for 37 

out of the 67 species, the part used (e.g. root, leaf, flower, fruit, seed etc) was not stated, whereas in 

the case of extracts, with minimal exceptions a full characterization was lacking (solvent, drug 

extract ratio, D.E.R., compound(s) used for standardization purposes etc). In one case, although the 

authors used repeatedly throughout the paper the term “extracts”, it seems that they only tested 

pure stevioside and rebaudioside A, and not extracts proper. In most cases the products seem to 

have been used as fluid or dry extracts (mostly aqueous or hydro-alcoholic), but essential oils, fatty 

oils, a high molecular nondialyzable material obtained from concentrated juice, a gum (mastic), or 

fresh juice, were also used. In a small number of cases seeds, achenes or leaves were used as such, 

with no additional preparation.  

Clinical study phase and non-clinical data on efficacy 

Clinical trials of new medicinal products are generally carried out in a sequential manner, in 

steps known as “phases”. Although criteria, methodological considerations and definitions for each 

phase are not univocally agreed upon, it is widely accepted that clinical classified in one of four 

possible phases (from phase I to phase IV, sometimes with more granularity, e.g. Phase IIa and 

Phase IIb), each being intended to answer different scientific questions [50]. For instance, phase I 

trials are the first clinical evaluations in a formal framework in humans, include small numbers of 

subjects and are basically focused on safety aspects, whereas phase III trials are usually large 

(including a high number of subjects) and are often called pivotal, because the data generated in 

them will be used to make significant (regulatory) claims about the product evaluated [51]. We 

assessed the sources collected for review in order to have an understanding of the clinical stage of 

development and the maturity of the clinical research with herbal products for caries prevention. 

However, the curious finding of our review was that in every single case the authors did not use the 

classical terminology of “phases”. Only in four cases the trials were described as “pilot” (which one 

might be tempted to interpret as “phase I”, but such a label may not be necessarily correct), and in a 

fifth one the authors stated that the reported trial was “preceded by a pilot study of 7 days using 10 

volunteers, students of Dentistry”, but no phase label was affixed to the main study reported there 

[52]. This aspect could be explained by the fact that the scientific community operating with this 

type of research is not familiar with the phase classification of the clinical development. This is, 

however, rather unlikely; it seems rather more likely that the relevant scientific community is 

familiar with the terminology and classification, but considers it inappropriate for clinical context of 

herbal products used for caries prevention (e.g. as being too “atypical” from the majority of clinical 

trials). This may also be related to the fact that in the case of conventional medicines, clinical trials 
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are most often sponsored by companies with sufficient financial resources, who will use the results 

for regulatory submission purposes, and since the “phase” language of the clinical trials is part of 

the pharmaceutical regulatory jargon, they are careful to have such a description included in the 

trial protocol and the study reports, whereas in the case of our review not only is the field  atypical 

(caries prevention), but such studies are most often sponsored by small companies or the academic 

environment, lacking both the interest and attention to such details. In any case, it would be useful, 

if not necessary, to have a discussion on the adoption (or reasons of not adopting) the conventional 

terminology of clinical phases for trials investigating herbal products in caries prevention. 

A synthesis of the non-clinical data available for the herbal species included in this review is 

shown in Table S1; we limited our searches to those species investigated as single therapy in clinical 

trials, excluding the combinations of multiple species. For about one third of the 31 species (35.48%) 

we could find no non-clinical efficacy data; for two thirds of the species at least one or several in 

vitro data were available, the large majority showing anti-microbial effects against oral pathogens, 

particularly S. mutans. Only for two species (Camellia sinensis (L.) Kuntze and Psidium cattleianum 

Afzel. ex Sabine) we could identify in vivo non-clinical data, consisting of caries models in rats, in 

whom caries were induced by S. mutans infection and feeding a cariogenic diet [53–56]; three of 

these four rat studies were carried out in the 1990s, suggesting that more recently such rodent 

efficacy studies have not been considered necessary or relevant, the investigation proceeding for 

most herbal products from the in vitro data directly to the clinical testing. This is coherent with a 

number of review papers that challenged the usefulness of animal experiments for the development 

of new medicines or clinical interventions, although the limitations could be attributed to imperfect 

design, performance and reporting on animal studies and on this issue the jury is still out [57,58]. 

Since in the European Union toothpastes and mouth rinses are regulated as cosmetic products, 

there is no regulatory guidance on the non-clinical and clinical development of caries prevention 

products. In the United States FDA has a certain authority and control over oral care containing 

fluoride, but it has been estimated that the evolution of the oral care products there has rather been 

driven by marketing interests than the public best interests [59]. In that regulatory framework an 

interest has been manifested for the reduction of animal caries testing, with several alternatives 

proposed, but those are limited to fluoride products (57, 58). For non-fluoride products such as 

herbal dentifrices or mouth rinses, there is currently no regulatory guidance on the need for animal 

studies and the studies reviewed here indicates that in the majority of cases the clinical testing has 

been preceded by (more or less limited) in vitro studies only. 

 

Monocentric vs multicentric studies 

Clinical trials may be performed in a single center (i.e., they are monocentric) or 

simultaneously in multiple centers (multicentric trials). Although challenging from the perspective 

of running with sufficient homogeneity and cohesion, the latter have obvious advantages with 

respect to the confidence in the results obtained and their generalizability. These advantages are 

related to the fact that more centers allow an appropriate sample size of subjects, a more rigorous 

assessment of efficacy and safety (if the results are consistent among different centers), higher 

diversity of subjects and less selection bias [61]. None of the trials reported by the sources included 

in our review was multicentric. This implies a higher risk of bias and a lower generalizability of 

results. 

 

Geographic origin of studies 

We were interested to have a quick overview of the countries and regions involved in 

performing the clinical trials included in our scoping review, so as to detect whether the interest for 

the topic is limited to certain regions of the world or wider, and what are the countries where such 

studies are carried out.   
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All the sources reviewed were derived from trials performed in 14 different countries of the 

world. Half of the sources included in the review (28 out of 56) were based on clinical studies 

performed in a single country: India. Other countries where multiple studies of interest for this 

review were performed were Brazil (7 studies), Italy, USA (4 studies each), Turkey (3 studies) and 

Egypt (2 studies) (Figure 3). The analysis by continents indicated that studies carried out in Asia 

were by far the most numerous (34 out of 56), covering more than half of the whole body of 

research. It is interesting to note that although China is usually one of the large centers of clinical 

research in the field of herbal therapy, we identified no study of interest for this review (caries 

prevention) performed in this country.  

 

 

 
 

Figure 3. Geographic origin of studies reviewed in this paper (frequency is shown in absolute 

numbers). 

Study design 

By far the most widely design employed was the parallel one, three quarters of the studies 

inventoried here making use of this design (41/56, 73.21%; an additional study seems also to have 

used a parallel design, but the text did not allow a firm conclusion in this sense). Six additional 

studies (10.71%) used a cross-over design, and eight (14.29%) used a before-after (pre-post) design. 

Each of these designs have their own advantages and shortcomings. The parallel design is the most 

widely used and the most apt to provide convincing evidence of efficacy and safety, if sufficiently 

powered. Parallel design trials are also apt to be multi-centric, which despite logistic difficulties, 

assure broader generalizability of their findings, whereas cross-over trials are monocentric [62]. It 

has been suggested that parallel designs are more appropriate for pivotal trials, whereas cross-over 

trials are more useful for proof-of-concept purposes [62]. Pre-post trials are particularly susceptible 

to a number of biases and, although the subjects theoretically serve as their own controls, most 

often a separate control group is not used; therefore such studies should be actually labelled as 

“uncontrolled” [63]. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 27 November 2019                   doi:10.20944/preprints201911.0325.v1

https://doi.org/10.20944/preprints201911.0325.v1


  

 

Table 1. Plant species investigated in clinical trials for caries preventive effects. 

No. Species Family Plant part used Product Frequency Reference 

Species investigated as single therapy 

1. Coffea canephora Pierre ex 

A.Froehner (reported as 

“Coffea Robusta”) 

Rubiaceae Seed 2% Green coffee bean extract (S 

Therapeutics, An ISO: 9001-2008 

and WHO GMP Certified Co.) 

1 M. Yadav et al., 2017 

2. Baccharis dracunculifolia 

DC. 

Asteraceae Not stated. 

Probably aerial 

parts or leaf. 

Essential oil; hydroethanolic 

extract (D.E.R. not provided) 

1 V. Pedrazzi et al., 2015 

3. Terminalia chebula Retz. Combretaceae Fruit (dried, 

ground) (with 

or without 

seeds) 

Dry extract obtained with water, 

suspended in polyethylene glycol 

(20% v/v) and then diluted to 10% 

with water to get a mouth rinse 

 

Dry extract obtained with ethanol 

70%, formulated as mouth rinse 

2.5%. 

 

Dry extract obtained with water, 

suspended in polyethylene glycol 

(20% v/v) and then diluted to 20% 

with water to get a mouth rinse 

 

Dry extract obtained with water, 

suspended in polyethylene glycol 

(30% v/v) and then diluted to 10% 

with water to get a mouth rinse 

 

 “10% extract” obtained with 

“normal saline”. (The preparation 

procedure would suggest that the 

6 + 4 as 

combination 

(Triphala*, 

Herboral ) 

 

 

Carounanidy U et al., 2007; 

 

Shah S et al, 2018 

 

 

 

Nayak SS et al., 2012; 

 

 

 

 

Velmurugan A et al., 2013; 

 

 

Palit M et al., 2016;  

 

 

 

 

Rekha V. et al., 2014 

 

S. Saxena et al., 2017. 
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concentration was 5% - 50 grams of 

powder to 1L of saline)  

 

Dried 10% (w/v) extract obtained 

with distilled water.  

 

 

Srinagesh J et al., 2012; 

 

Srinagesh J et al., 2011. 

 

Mishra R et al, 2016 

 

4. Terminalia bellirica (Gaertn.) 

Roxb. 

Combretaceae Fruit (dried, 

ground) 

“10% extract” obtained with 

“normal saline”. (The preparation 

procedure would suggest that the 

concentration was 5% - 50 grams of 

powder to 1L of saline) 

1 + 4 

combinations 

(Triphala*, 

Hiora§, 

Herboral ) 

S. Saxena et al., 2017. 

Srinagesh J et al., 2012; 

Srinagesh J et al., 2011. 

Sharma A et al., 2018  

Mishra R et al, 2016 

 

5. Phyllanthus emblica L. syn. 

Emblica officinalis Gaertn. 

Phyllanthaceae Fruit (dried, 

ground) 

“10% extract” obtained with 

“normal saline”. (The preparation 

procedure would suggest that the 

concentration was 5% - 50 grams of 

powder to 1L of saline) 

 

Dry extract obtained with water, 

suspended in polyethylene glycol 

(20% v/v) and then diluted to 20% 

with water to get a mouth rinse 

 

2  + 3 

combinations 

(Triphala*, 

Herboral ) 

S. Saxena et al., 2017. 

 

Srinagesh J et al., 2012; 

 

Srinagesh J et al., 2011. 

 

Velmurugan A et al., 2013; 

 

Mishra R et al, 2016 

 

 

6.  Acacia nilotica (L.) Delile 

syn.  

Acacia arabica (Lam.) Willd. 

Fabaceae NA (Bark, apparently) extract 

formulated as a toothpaste 

 

2 Patel K et al., 2018 

 

Gupta D, Gupta RK, 2015 

[Abstract]**. 

7. Lippia sidoides Cham. Verbenaceae Leaf Essential oil (used in three 

formulations - "either a 1.4% 

toothpaste, 1.4% gel, or 0.8% 

mouthwash in one study, and in 

2 Lobo PL et al., 2014; 

 

Lobo PL et al., 2011. 
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two formulations in another: rinse 

(0.6%, 0.8%, 1%, and 1.2% 

concentrations) and gel (0.8%, 1%, 

1.2% and 1.4% concentrations), 

respectively. 

8. Stevia rebaudiana (Bertoni) 

Bertoni 

Asteraceae Leaf Although the authors of one paper 

used repeatedly throughout the 

paper the term “extracts”, it seems 

that they only tested pure 

stevioside and rebaudioside A. 

 

In the second paper the authors 

made reference to a mouthrinse 

containing 10% stevia, they 

probably referred to the sweetener 

glycosides.  

2 Brambilla E et al., 2014. 

 

Vandana K et al., 2017 

9. Glycyrrhiza uralensis Fisch. Fabaceae Root Aqueous and ethylic alcohol 

extracts (not further characterized) 

– in most cases further formulated 

as a lollipop. 

 

 

5 + 1 

combination 

Peters MC et al., 2010;  

 

Hu CH et al., 2011;  

 

Jain E et al., 2013;  

 

Shah S. et al., 2018; 

 

Mentes JC et al., 2012. 

10. Bertholletia excelsa Bonpl. Lecythidaceae Seed Seed oil (added to a dentifrice) 

 

1 Filogônio Cde F et al., 2011. 

11. Magnolia officinalis Rehder 

& E.H.Wilson 

Magnoliaceae Bark Bark extract formulated as a 

chewing gum containing 0.17% 

extract (magnolol 0.10% and 

honokiol 0.07%, respectively) 

1 Campus G. et al., 2011 

12. Camellia sinensis (L.) 

Kuntze 

Theaceae Leaf Various extracts, infusions or 

decoctions, in different 

7 Ferrazzano GF et al., 2011 
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concentrations, employed as 

mouth rinses (e.g. for each rinsing, 

1.6 g of leaf powder were 

suspended for 3 minutes in 40 mL 

of boiling water, after which it was 

kept at room temperature). 

Awadalla HI et al., 2011a 

 

Awadalla HI et al., 2011b 

 

Hegde RJ, Kamath S, 2011. 

 

Esimone CO et al., 2001 

 

Thomas A et al, 2016 

 

Thomas A et al., 2017 

 

13. Salvadora persica L. Salvadoraceae Sticks (usually 

not specified 

whether from 

roots or 

branches) 

Aqueous extract (e.g. 20% w/w or 

50% w/w or w/v) used as a mouth 

rinse. 

4 + 1 in 

combination 

Sofrata A et al., 2007 

 

Almas et al., 2004 

 

Chelli-Chentouf N et al., 

2012 

 

Jauhari D et al., 2015 

 

Sharma A et al., 2018 

14. Prunus dulcis (Mill.) 

D.A.Webb 

Rosaceae Seed Seed oil formulated as a dentifrice 1 Aguiar AA et al., 2004. 

15. Garcinia mannii Oliv. Clusiaceae “Stick” (twig? 

root?) 

Chewing sticks used as such 

(chewed) 

1 Addai FK et al., 2002 

16 Citrus sinensis (L.) Osbeck Rutaceae Fruit Used as such 1 Dilley GJ et al., 1977 

17 Scutellaria baicalensis 

Georgi 

Lamiaceae Root Extract formulated as mouthwash 1 Kim Y-R et al., 2017 

18 Psidium cattleianum Afzel. 

ex Sabine 

Myrtaceae Leaf Aqueous extract obtained by 

decoction (16.67% w/v). 

1 Brighenti FL et al., 2012 

19 Vaccinium macrocarpon 

Aiton 

Ericaceae Fruit A high molecular nondialyzable 

material obtained from 

2 Gupta A et al., 2015 

Weiss EI et al., 2004 
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concentrated juice (molecular mass 

cut-off point of 12,000), formulated 

as a mouth rinse 

20 Allium sativum L. Amaryllidaceae Bulb Extract 2 Chavan SD et al., 2010*** 

 

Thomas A et al., 2017 

21 Foeniculum vulgare Mill. Apiaceae “Seed” 

(probably 

achene) 

Seed (achene) used as such (1.0-1.3 

grams) 

3 Sultan S, 2016 

Swathi V et al., 2016 

Ravi VS et al., 2010 

22 Sesamum indicum L. Pedaliaceae Seed Seed used as such (1 gram) 1 Sultan S, 2016 

23 Cocos nucifera L. Arecaceae Seed Seed used as such (1 gram) 1 Sultan S, 2016 

24 Ocimum tenuiflorum L. 

(reported as “Ocimum 

sanctum L.”) 

Lamiaceae Leaf Fresh leaf used as such (5 leaves) 1 Sultan S, 2016 

25 Plantago lanceolata L. Plantaginaceae Leaf and flower Infusion formulated as a mouth 

rinse 

1 Ferrazzano GF et al., 2015 

26 Pistacia lentiscus L. Anacardiaceae Mastic gum 

(resin secreted 

by the stem) 

Gum formulated as chewing gum 2 Aksoy A et al., 2006 

Aksoy A et al., 2007 

27 Elettaria cardamomum (L.) 

Maton 

Zingiberaceae Seed Used as such or formulated as a 

herbal mouthwash 

1 + 1 in 

combination 

Swathi V et al., 2016 

Sharma A et al., 2018 

28 Eugenia uniflora L. Myrtaceae Fruit (ripe) Hydro-alcoholic extract, 

formulated as a dentifrice 

1 Jovito V de C, 2009 

29 Dysphania ambrosioides (L.) 

Mosyakin & Clemants 

(reported as Chenopodium 

ambrosioides L.) 

Amaranthaceae Leaf 2% infusion used as a mouth wash 1 Fernandez DKT, 2000  

30 Citrus sp. (reported only as 

“lime”) 

Rutaceae Fruit  Fresh fruit juice, formulated with 

excipients as a mouth rinse 

1 Thomas A et al, 2017 

31 Acmella paniculata (Wall. ex 

DC.) R.K.Jansen (reported 

as Spilanthes calva DC.) 

Asteraceae Root Methanol (100%) extract, 

formulated as a dentifrice  

1 Sapra G et al., 2013 
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Species investigated only as combination of multiple herbal products 

32 Santalum album L. Santalaceae Not stated 500 mg tablet containing 30 mg 

containing Santalum album L. 

1 in 

combination 

Shetty RN et al., 2017 

33 Prunus cerasoides Buch.-

Ham. ex D.Don 

Rosaceae Not stated 500 mg tablet containing 30 mg 

containing Prunus cerasoides Buch.-

Ham. ex D.Don 

1 in 

combination 

Shetty RN et al., 2017 

34 Chrysopogon zizanioides (L.) 

Roberty (reported as 

Vetiveria zizanioides (L.) 

Nash) 

Poaceae Not stated 500 mg tablet containing 30 mg 

containing Chrysopogon zizanioides 

(L.) Roberty 

1 in 

combination 

Shetty RN et al., 2017 

35 Rubia cordifolia L. Rubiaceae Not stated 500 mg tablet containing 20 mg 

containing Rubia cordifolia L. 

1 in 

combination 

Shetty RN et al., 2017 

36 Woodfordia fruticosa (L.) 

Kurz 

Lythraceae Not stated 500 mg tablet containing 20 mg 

containing Woodfordia fruticosa (L.) 

Kurz 

1 in 

combination 

Shetty RN et al., 2017 

37 Cyperus rotundus L. Cyperaceae Not stated 500 mg tablet containing 20 mg 

containing Cyperus rotundus L. 

1 in 

combination 

Shetty RN et al., 2017 

38 Glycyrrhiza glabra L. Fabaceae Not stated 500 mg tablet containing 10 mg 

containing Glycyrrhiza glabra L. 

(Munident) 

Oral rinse containing G. glabra L. 

extract (amount not stated) 

2 in 

combination 

Shetty RN et al., 2017 

 

Mishra et al., 2016 

39 Berberis aristata DC. Berberidaceae Not stated 500 mg tablet containing 20 mg 

Berberis aristata DC. 

1 in 

combination 

Shetty RN et al., 2017 

40 Mimosa pudica L. Fabaceae Not stated 500 mg tablet containing 20 mg 

Mimosa pudica L. 

1 in 

combination 

Shetty RN et al., 2017 

41 Symplocos racemosa Roxb. Symplocaceae Not stated 500 mg tablet containing 20 mg 

Symplocos racemosa Roxb. 

1 in 

combination 

Shetty RN et al., 2017 

42 Curcuma longa L. Zingiberaceae Not stated 500 mg tablet containing 20 mg 

Curcuma longa L. 

1 in 

combination 

Shetty RN et al., 2017 

43 Cinnamomum verum J. Presl 

(reported as Cinnamomum 

zeylanicum)  

Lauraceae Not stated 500 mg tablet containing 20 mg 

Cinnamomum verum J.Presl 

1 in 

combination 

Shetty RN et al., 2017 
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44 Nardostachys jatamansi 

(D.Don) DC. 

Caprifoliaceae Not stated 500 mg tablet containing 20 mg 

Nardostachys jatamansi (D.Don) DC. 

1 in 

combination 

Shetty RN et al., 2017 

45 Acorus calamus L. Acoraceae Not stated 500 mg tablet containing 20 mg 

Acorus calamus L. 

1 in 

combination 

Shetty RN et al., 2017 

46 Aquilaria agallocha Roxb. Thymelaeaceae Not stated 500 mg tablet containing 10 mg 

Aquilaria agallocha Roxb. 

1 in 

combination 

Shetty RN et al., 2017 

47 Syzygium aromaticum (L.) 

Merr. & L.M.Perry 

Myrtaceae Not stated 500 mg tablet containing 20 mg 

Syzygium aromaticum (L.) Merr. & 

L.M.Perry 

1 in 

combination 

Shetty RN et al., 2017 

48 Jasminum officinale L. Oleaceae Not stated 500 mg tablet containing 10 mg 

Jasminum officinale L. 

1 in 

combination 

Shetty RN et al., 2017 

49 Cinnamomum camphora (L.) 

J.Presl 

Lauraceae Not stated 500 mg tablet containing 30 mg 

Cinnamomum camphora (L.) J.Presl 

1 in 

combination 

Shetty RN et al., 2017 

50 Areca catechu L. Arecaceae Not stated 500 mg tablet containing A. catechu 

L. as a flavoring agent (amount not 

stated) 

1 in 

combination 

Shetty RN et al., 2017 

51 Piper betle L. (reported as 

“Piper betel”).  

Piperaceae NA§§ NA (formulated as a herbal 

mouthwash) 

1 Sharma A et al., 2018 

52 Gaultheria fragrantissima 

Wall. 

Ericaceae NA§§ NA (formulated as a herbal 

mouthwash) 

1 Sharma A et al., 2018 

53 Mentha × piperita L. Lamiaceae NA§§ NA (formulated as a herbal 

mouthwash) 

1 Sharma A et al., 2018 

54 Trachyspermum ammi (L.) 

Sprague 

Apiaceae NA§§ NA (formulated as a herbal 

mouthwash) 

1 Sharma A et al., 2018 

55 Aloe vera (L.) Burm.f. Xanthorrhoeaceae NA§§§ 

 

NA (formulated as a herbal 

mouthwash) 

1 Nandhini T et al., 2015 

56 Echinacea sp. Asteraceae NA§§§ 

 

NA (formulated as a herbal 

mouthwash) 

1 Nandhini T et al., 2015 

57 Hydrastis canadensis L. Ranunculaceae NA§§§ 

 

NA (formulated as a herbal 

mouthwash) 

1 Nandhini T et al., 2015 

58 Calendula officinalis L. Asteraceae NA§§§ 

 

NA (formulated as a herbal 

mouthwash) 

1 Nandhini T et al., 2015 
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59 Citrus paradisi Macfad. Rutaceae Seed “Seed extract” (formulated as a 

herbal mouthwash) 

1 Nandhini T et al., 2015 

60 Senegalia catechu (L. f.) 

P.J.H. Hurter & Mabb. 

Fabaceae NA NA (formulated as a herbal 

mouthwash) 

1 Mishra R et al., 2016 

61 Mimusops elengi L. Sapotaceae NA NA (formulated as a herbal 

mouthwash) 

1 Mishra R et al., 2016 

62 Ocimum tenuiflorum L. Lamiaceae NA NA (formulated as a herbal 

mouthwash) 

1 Mishra R et al., 2016 

63 Quercus infectoria G.Olivier Fagaceae NA NA (formulated as a herbal 

mouthwash) 

1 Mishra R et al., 2016 

64 Azadirachta indica A.Juss. Meliaceae NA NA (formulated as a herbal 

mouthwash) 

1 Mishra R et al., 2016 

65 Syzygium aromaticum (L.) 

Merr. & L.M.Perry 

Myrtaceae NA NA (formulated as a herbal 

mouthwash) 

1 Mishra R et al., 2016 

66 Mentha spicata L. Lamiaceae NA NA (formulated as a herbal 

mouthwash) 

1 Mishra R et al., 2016 

67 Apium graveolens L. Apiaceae NA NA (formulated as a herbal 

mouthwash) 

1 Mishra R et al., 2016 

* Triphala is obtained by mixing equal parts of dry extracts of Terminalia chebula, T. bellirica and Emblica officinalis. 

**, *** We could not get access to a full-text version of the work. 

§ Hiora is a mouthwash whose ingredients are: Salvadora persica L., Piper betle L., Terminalia bellirica (Gaertn.) Roxb., Gaultheria fragrantissima Wall., Elettaria 

cardamomum (L.) Maton, Mentha × piperita L., Trachyspermum ammi (L.) Sprague. We could not identify the herbal part from each species used as an ingredient. 

§§ The herbal ingredients of the product are only listed with the vernacular names, but the parts used are not stated. We identified the equivalent scientific names 

of the species in a publicly available clinical trial register (http://apps.who.int/trialsearch/Trial2.aspx?trialid=CTRI/2017/12/010895), but not the herbal parts. 

§§§ Herbal products are not stated. The herbal mouthwash was described in tabular form as containing Aloe vera, "Echinaecea", "Golden seal", "Calendula", 

"Grapefruit seed extract" (plus excipients).  

 Herboral is an alcohol-free, sugar-free product, based on triphala (see above for its composition), Senegalia catechu (L. f.) P.J.H. Hurter & Mabb., Mimusops elengi 

L., Ocimum tenuiflorum L., Glycyrrhiza glabra L., Quercus infectoria G.Olivier, Azadirachta indica A.Juss., Syzygium aromaticum (L.) Merr. & L.M.Perry, Mentha spicata 

L., Apium graveolens L. 
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Patient demographics 

The largest majority of studies included young and very young subjects. For instance, of the 40 

studies for which the maximum age of the participants was stated, it was larger than 35 years in 

only seven studies (17.5%) and only two studies (5.0%) included subjects older than 50 years of age. 

In 90% of the subjects for which the maximum age was reported, it was lower than 35 years (Figure 

4). This means the most of the subjects in which these studies were performed were young and very 

young (half of the 40 studies in which the maximum age was reported were less than 18 years of 

age). From a certain point of view this may seem encouraging, because children have often been 

neglected and not included in the development of new medicines, leading the authorities in 

different parts of the world to adopt legislative measures designed to stimulate the clinical research 

of medicines in the paediatric population [64]. On the other side, it is rather worrying that most 

products are investigated only in children, in the absence of safety data from adults. Moreover, it is 

not clear to what extent data generated in such young subsets may be relevant for the use of those 

herbal products in the adult and geriatric population. This brings us back to the fact that the greater 

needs is in the latter subpopulation: “there is a lack of evidence for caries preventive methods in 

adults with increased caries risk” [21, 24]. It is also regrettable that in a number of trials the age of 

the participants was not reported, or reported only in general terms, such as "adult volunteers" or 

"different ages". The demographics (such as age and gender) of the subjects included in a trial is not 

a mere minor detail, but an important feature of the sample studied and should always be reported 

accurately (for instance they are part of the basic information required by legislation in the USA for 

the trials registered in the ClinicalTrials.gov database) [65].  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Density plots of the minimum and maximum ages of the subjects included in the clinical 

trials reviewed. 

In almost two thirds (33 studies, 61.11%) of the studies reviewed the exact gender distribution 

of the subjects was not reported. In those 21 studies where gender distribution was reported the 

total number of male subjects was slightly higher than that of the females (675 vs. 531). In many 

studies no information was provided on the proportion of the two genders, whereas in other 

studies general statements such as "both sexes were included” or “both genders” were considered 

sufficient. This is obviously a flawed way of reporting that needs improvement.  

 

Duration of the intervention 
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Over 60% of the 56 studies reviewed by us had a duration of the intervention (i.e. of 

administering the herbal products evaluated) of less than one week and one third of the studies (20 

out of 56) evaluated the herbal products following a single application (one day). The value of such 

very short duration studies may only be exploratory and hypothesis generating. It has been 

recognized that current standards should be trials of 2-3 years length, but in the same time the need 

(for pragmatic reasons) to develop methodologies able to allow shorter durations has been 

acknowledged [66]. The problem with the short duration trials is that even if an effect is shown, 

uncertainty will remain about the ability of that specific product to maintain the preventive effect 

on a long time. Therefore, long-term studies will likely continue to be needed, even if improved 

methodologies for showing short time benefits are developed.  

 

Control choice 

In almost one third of the studies reviewed (n=17, 30.36%) chlorhexidine in different 

concentrations and dosage forms was used as a positive control. In 10 studies (17.86%), mostly 

those with a pre-post design, no control was used (the authors assuming that in such cases the 

patients served as their own controls, an invalid assumption, as mentioned above). Water, saline 

solutions, other placebo options (e.g. mouthwash or dentifrice with no active ingredient) or passive 

controls (i.e. no intervention) were used in a number of 22 studies (39.29%). Other controls used, 

depending on the dosage form and herbal product investigated included xylitol, fluoride 

mouthrinse, a thymol/carvacrol mixture (mouth rinse and mouth gel), sucrose, a “regularly 

available low abrasive dentifrice” (commercial name not provided, but manufacturer indicated in 

the published paper), commercial mouthwashes such as Plax and Listerine, commercial toothpastes 

(Colgate), and ACP-CPP chewing gum. Whereas some of these active controls are reasonable, the 

justification for a minority seems less convincing (for instance, a thymol/carvacrol mixture was used 

as a control because the herbal product assessed contained the two phenols).  

In a non-negligible number of studies (n=10, 17.86%) two or even more controls were used, for 

instance a positive control (e.g. chlorhexidine) and a negative control (distilled water, saline, 

placebo etc). This may be a more than reasonable approach, but because the sample sizes were in 

almost all cases very low, including two or more control arms diluted even more the statistical 

power of those studies. Including both a negative and a positive control should be performed when 

a trial has low assay sensitivity, but if there is likelihood of assay sensitivity, particularly when non-

inferiority towards the active control is claimed [63, 64], a larger sample size is needed, which the 

overwhelming majority of trials reviewed by us did not provide. Moreover, in a case both a 

“herbal” and “synthetic” dentifrices were used as active controls; this is in theory apt to provide 

insight about the effectiveness of the tested product in relationship with other herbal product 

toothpaste or with a “synthetic” one, but in the absence of sufficient statistical power, it actually 

provides concluding evidence for none.    

Primary endpoints 

A primary endpoint is the outcome used in a clinical trial to evaluate whether an intervention 

is effective [69]. According to the ICH guidelines on Statistical Principles for Clinical Trials, “The 

primary variable (‘target’ variable, primary endpoint) should be the variable capable of providing 

the most clinically relevant and convincing evidence directly related to the primary objective of the 

trial. There should generally be only one primary variable” [70]. None of the studies reviewed here 

used the term “primary endpoint” and none described one. Some studies used a single endpoint, 

some multiple endpoints, but none qualified one of the endpoints as “primary”.  

44 out of 56 studies (78.57%) used microbial counts (usually as colony forming units (CFU), but 

other means were also used in fewer cases) as one of the endpoints, often the only one. Such an 

endpoint is a surrogate one, because it does not measure directly the effect on caries; it measures the 

impact on microbial counts, with the assumption that a decrease in microbial counts should 

translate into a decrease in caries incidence or severity. “History has taught us to be cautious about 
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the use of surrogates. We can be led astray too easily” [71], because although a surrogate marker 

may decrease, the impact over the main objective may not be the one expected or to the same extent 

as expected from the measurement of the surrogate and in different clinical areas examples are not 

lacking [68, 69]. Thus, such an endpoint if confirmed in a clinical trial may provide evidence that an 

intervention (a herbal product) might be worth exploring for its potential caries preventive effect, 

but it does not provide direct evidence in favour of such an effect. 

Other endpoints were used considerably less (only once or several times) in the studies 

reviewed here: the Quigley-Hein plaque index (as modified by Turesky), OHI-S index (Simplified 

Oral Hygiene Index), the gingival bleeding index or a similar gingival score (the Loe–Silness 

gingivitis index), a calculus score, caries activity (measured by Oratest), the plaque or salivary pH, 

salivary buffering capacity, salivary flow rate, salivary amylase activity, calcium and phosphorus 

concentrations, DMFS (decayed, missing, filled, applied to tooth surfaces) score. Each of these is 

more or less remotely correlated with the caries prevention activity, being thus surrogate or soft 

endpoints. DMFS is the only one that measures directly the caries status, but due to its nature, it is 

likely not to be a sufficiently sensitive metric when used in short duration interventions. Since most 

studies included in this review were of short duration, this is probably the reason for which DMFS 

was used in one study only [74].    

 

Quality of reporting and risk of bias 

Although the Cochrane Collaboration’s tool for assessing risk of bias (version 5.1.0), 

considering the purpose of systematic reviews, recommends focusing on the risk of bias and not the 

quality of reporting, it acknowledges that the quality of reporting is important and may impact the 

ability of both authors and readers to judge the dangers of bias; its shift of emphasis from the 

quality of reporting to the risk of bias is motivated by the fact that the risk of bias is not 

straightforwardly related to the quality of reporting. For the purpose of this review, we considered 

that evaluating the quality of reporting is equally important, because understanding the limitations 

and issues of current reporting practices offers to the scientific community an opportunity to 

improve reporting of future research.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Graphical representation of the risks of bias in the trials reviewed 

 

All trials reviewed here were ascertained to be of overall weak methodological quality (Fig. 5). 

About one quarter of the trials did not use randomization at all, which opens the door for selection 

bias. Although over 75% of trials were randomized, in most cases the reporting was limited to 
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stating this fact, but no additional information on the randomization process was provided. In the 

few cases where randomization was described in slightly more details it was not clear enough to 

understand the process (or type of process), except for references to a “lottery method”. 

Concealment of allocation was ensured in seven trials (about 13% of all trials), all of them using a 

lottery method for randomization (in the risk of bias graph, the zone with “unclear risk” for 

concealment of allocation corresponds actually to the non-randomized studies, for which 

concealment of allocation makes no sense). In only one third of the trials participants and personnel 

were blinded, whereas the large majority of the studies were opened for both patients and those 

administering the intervention. It has been shown that “double-blind” is a phrase susceptible of 

multiple interpretations for the healthcare professionals, whereas the term “single blind” is 

“unhelpful without clarification” [75]. One of the studies reviewed was described just like that: 

“single blind” with no additional clarification. In both single and double blind trials, of key 

importance is whether or not the examiner (outcome assessor) is aware of the intervention whose 

results are assessed [75]. It is encouraging that the proportion of studies where the examiner was 

blinded was higher (although not with a large margin) than the proportion of studies were neither 

patients nor the personnel were blinded (42.59% vs. 33.33%).    

Attrition bias was generally of no concern for the large majority of studies reviewed here (it 

affected only two trials and uncertain for a third one, for which we could not get access to the full 

text). However, this strength of the studies seems to be directly related to another weakness that 

will be discussed separately: the short duration of most studies.   

Whether or not the reporting was selective could not generally be assessed, because for no 

study the primary and secondary endpoints were clearly stated in the published paper, to allow an 

uninformed reader to understand to what extent the reporting was complete or not. 

All studies reviewed here for which we had access to the full text could be judged as affected 

by a wrong sample size bias. Among the 56 trials evaluated by us, only one had more than 100 

subjects per arm of treatment and only three trials had more than 50 subjects per arm of 

intervention. More than half of the studies (33 out of 56) included 20 subjects of less per arm of 

treatment (Figure 6). The small sample size leads to multiple problems of reliability, some related to 

different biases, and some manifest even in the absence of other sources of bias, including an 

overestimation of effect if the result is not a mere chance finding (“the winner’s curse”) [76]. Such 

studies with herbal products, cannot, therefore, be used to base clinical decisions on them, but only 

for exploratory purposes. In the case of a chlorhexidine dental coating evaluation for its caries 

prevention effect, the initial studies included total numbers of 240 and 1240 patients, whereas the 

pivotal trial was designed with a sample size of 1000 subjects, intended to allow the detection of a 

20% difference in net caries increment [77]. This is the kind of study with sufficient power to allow 

basing decisions for clinical practice. Moreover, as it has been shown in the relatively recent 

literature, because currently it is unethical not to provide all subjects in such a trial to fluoride, a 

different product (such as a herbal one) will have to provide a beneficial effect against besides that 

of the fluoride, and thus larger sample sizes are required [66]. 

The compliance bias risk was estimated to be low in about 37% of the studies reviewed, either 

because the authors assessed compliance or because the study intervention was limited to one day 

and it could be concluded that the risk of non-compliance was low. In about two thirds of the 

studies compliance was not assessed, and in a single trial the authors assessed it and discovered 

that the adherence decreased from an initial 78% in the first three days to around 60% in the rest of 

the day (with an excursion down to 54% in days 7-14) [44].  
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 Figure 6. Histogram of the number of subjects per intervention arm in the trials reviewed in this 

paper. 

Clinical trial results 

85.71% of the 56 studies reviewed reported positive results, at least for some of the endpoints 

used, if not for all. Some of the 14.29% of the studies that had negative results based on the 

conventional significance level 0.05 tended to present the results in a positive light. For instance, 

one study that found no significant difference among four groups (p=0.602), of which two had 

received active controls, one the test product and one a placebo product concluded that “B. 

dracunculifolia had the same efficiency of the materials used to oral hygiene in reduction of dental 

plaque and, consequently, prevention of dental caries” [78]. A more likely conclusion in this case 

would be that the study did not have sufficient power to discriminate between the active 

interventions and placebo. Two other studies [41, 42] found that only the high-risk subgroup 

(children) reached the endpoint (had a significant decrease in the S. mutans). Although this could be 

a real effect, it seems equally likely (if not more) than it might be simply regression to the mean, 

because groups with highest risks are most likely to be impacted by this now classic artifact [79].  

4. Materials and Methods  

Scoping reviews are particularly helpful in cases where the subject has not yet been 

comprehensively reviewed or it is heterogeneous [31], and both features are true for the theme of 

this review. We followed the methodology generally accepted in the field of scoping review (as 

proposed by Arksey and O'Malley [80] and further developed by Levac et al. [81]), with the five 

basic steps of the investigation:  

• formulating the research question(s);  

• searching for the published data; 

• selecting the relevant studies;  

• mapping the data; 

• assembling, summarizing, and communicating the results. 
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The research question 

This review is meant to answer the following question: what is known about the clinical trials 

performed to evaluate herbal products intended to be used for the prevention of dental caries? At a 

more detailed level, the following questions are considered: 

What are the herbal products that have crossed the non-clinical stage of research and have 

entered clinical testing? 

To what extent have these products been assessed in non-clinical settings (particularly from 

the point of view of efficacy)?  

What are the dosage forms used in the clinical trials performed so far in this field? 

What Phase the products evaluated were in as part of the clinical development?   

What is the quality level of the studies performed thus far?  

What do we know about the age and gender of the subjects included in those trials?  

What was the duration of the intervention in these trials?  

What were the positive/negative controls used in these trials? 

What were the primary endpoints used?  

What are the main results up to now? 

 

A scoping review protocol has been prepared and agreed by those involved in writing this 

paper and is available through Figshare 

(https://figshare.com/articles/Clinical_trials_with_herbal_products_for_the_prevention_of_dental_c

aries_and_their_quality_protocol_for_a_scoping_review/7314338).  

 

Searching for the published data  

Taking into account the methodology specific for scoping exercises, which is oriented towards 

the use of a broad base of literature, we used several literature databases: Medline (through the 

electronic interface PubMed), Scopus, ISI Web of Knowledge, Lilacs and Cochrane Reviews; besides 

these sources, we also made searches in three clinical trial registry databases: Cochrane Clinical 

Trials, EU Clinical Trials Register, CliniclTrials.gov. In order to avoid narrowing the results through 

complex queries, we preferred using a small number of key-words: “plant AND caries” and “herbal 

AND caries”; to ensure maximal sensitivity no additional qualifiers referring to the type of study 

(e.g. “clinical trials” or “prevention”) were used. No date or language restriction was applied. The 

search process was finalized on 10.10.2018. 

 

Study selection 

We kept the review focused on products that have been subject to clinical investigations. 

Publications reporting on clinical trials (in humans) for caries prevention were included, 

irrespective of the age, degree of severity, endpoint or route of administration. Papers where the 

objective of the clinical investigation was related to the plaque and gingivitis control were not 

included, although there is a strong connection between plaque, caries and gingivitis. Instead, 

papers reporting on the clinical antimicrobial efficacy of mouthwashes in the context of caries 

prevention were retained. Relevant grey literature (particularly guidelines) were also looked for 

using appropriate keywords in search engines.  

Non-clinical investigations, such as “ex vivo”, “in vitro” (e.g. those performed on standardized 

bacterial strains or on clinical isolates), “in silico”, “in rodents” or other animal studies were 

excluded. In situ studies using enamel blocks worn by human volunteers were also excluded as not 

providing direct evidence on the caries prevention effects of the interventions. We also excluded 

studies assessing the influence of herbal extracts on the clinical performance of glass ionomers.  

Studies focused on fluoride extracted from herbal sources were excluded, because fluoride is 

expected to have the same therapeutic effects irrespective of its source or production process; 

studies with fluoride-impregnated miswaks (chewing sticks) were similarly excluded. Antibodies 
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or similar proteins obtained in plants as expression systems (e.g. antibodies manufactured in 

tobacco plants), animal-derived products (e.g. propolis), breakfast-enriched cereals or other solid 

foods (e.g. oat hulls), products acting by a non-pharmacological mechanism (e.g. acemannan used 

in direct pulp capping of primary teeth), and homeopathic products were left out. Studies on less 

than 8 subjects were considered mini-series or small collections of case reports rather than full 

clinical trials (irrespective of the way in which the reporting authors labelled them), and 

consequently they were not included. Non-interventional (observational) studies, either 

longitudinal or cross-section, reviews, or ethnopharmacology studies were omitted. Reviews, 

editorials or opinion articles, while not included, were taken into account in the interpretation of 

the data and for retrieving potential additional studies. Were we could not get access to the full text 

of a published abstract, we contacted the correspondence author to solicit a reprint or further 

information, if an e-mail address was available.  

 

Data mapping 

Paper titles and abstracts returned by the searches were screened by two independent 

members of the team, and those considered relevant were retrieved full-text and used for data 

charting. Any divergences among the two main reviewers were solved with the implication of a 

third member of the team. For each publication the following data were extracted in a data 

collection form: 

• Stated or implicit purpose/objective of the clinical trial;  

• The dosage form evaluated;  

• The herbal source on which the dosage form evaluated is based (name of the plant 

species, part and additional elements of interest, if any);  

• The phase of the clinical development (Phase I, Phase II etc) and non-clinical data on 

efficacy;  

• The number of centers involved in the trial (single-centric or multi-centric study?);  

• The country/countries in which the trial has taken place;  

• Data on the quality of reporting the trial results and the risk of bias affecting those 

trials (randomization, concealment of allocation, blinding, control);  

• Study design (parallel, cross-over, n-of-one etc);  

• Demographic info about the patients (age and gender);  

• Duration of the intervention;  

• Primary endpoint;  

• Main results of the study.  

For the assessment of bias, the Cochrane Collaboration’s tool for assessing risk of bias (version 

5.1.0) [82] was used, with the guidance accompanying it, and appropriate adaptations taking into 

consideration the different purpose of the scoping review (versus a systematic review and meta-

analysis, for which the Cochrane tool is intended). To assess the extent of non-clinical data on 

efficacy for the products reviewed we performed Medline searches using the name of the plant 

species and “caries” and manually screening all the results to identify non-clinical efficacy data.  

Collating, summarizing, and reporting the results 

The data collected were coded where relevant, compared and analyzed by qualitative and 

where possible, quantitative means, the narrative synthesis being structured around the main 

questions of interest of the study, as detailed in “The research question” section.  

Consultation 

This is an optional step and was performed after the first draft of the paper, by submitting it to 

one expert in caries prevention, two experts in the field of herbal medicine and two experts in the 

field of pharmacology and clinical pharmacy.  
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5. Conclusions 

A number of no less than 56 clinical trials have been performed assessing the potential use of 

herbal products in caries prevention. Most of them were focused on assessing the antimicrobial 

effects of the products tested, primarily on S. mutans and to a lesser extent on other microbial or 

fungal species. In a minority of cases other variables were of interest, such as plaque, pH, salivary 

secretion, ion concentrations (Ca2+, PO43-) or the effect on human salivary amylase. Mouthwash was 

the most widely used dosage form, whereas dentifrices and other dosage forms were much less 

employed. In the largest share of the studies the herbal products evaluated were derived from a 

single plant species, whereas in a smaller number of trials complex formulations obtained from 

three or more distinct species were used. 67 species have been investigated thus far, of which 31 

alone and 36 as part of complex products. In none of the trials reviewed used the authors the 

classical terminology of “phases”; only in four cases the trials were described as “pilot”. None of the 

trials reported by the sources included in our review was multicentric. All trials reviewed here were 

ascertained to be of overall weak methodological quality. The large majority of studies used a 

parallel design and included young and very young subjects. Over 60% of the studies had a 

duration of the intervention of less than one week and one third of the studies they evaluated the 

herbal products following a single application (one day). In almost one third of the studies 

reviewed chlorhexidine was used as a positive control, whereas in 17.86%, mostly those with a pre-

post design, no control was used. Four out of five studies used microbial counts (usually as CFUs) 

as one of the endpoints, often the only one. 85.71% of the trials reviewed reported positive results, 

at least for some of the endpoints used, if not for all, but given the methodological weakness and 

biases affecting them, it is hard to conclude on the efficacy based on the studies conducted thus far. 
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