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Abstract  

Objectives 

To compare the effect of bioavailable gluconate-chelated stannous fluoride (SnF2) toothpaste with control 

toothpastes for treatment of dentine hypersensitivity (DH) and enamel erosion.  

Data and sources 

A Procter & Gamble Oral Care archive of clinical studies was reviewed from 2000 to 2020. Eligible studies 

were Randomised Controlled Trials (RCTs) investigating bioavailable gluconate-chelated SnF2 toothpaste 

efficacy compared to controls in adult participants measured following tactile (Yeaple force) and/or 

evaporative stimuli (Schiff score) in-vivo, duration <2 months (DH); or by erosive toothwear (profilometry) 

from in-situ samples, duration 10-15 days. Two authors independently assessed eligibility and resolved 

disagreements by discussion. A meta-analysis was undertaken and Risk of Bias (RoB) assessed using the 

Cochrane collaboration RoB tool for randomized parallel-group and cross-over trials. 

Results 

Fourteen RCTs (1287 participants) assessed DH relief and Six RCTs (184 participants) enamel erosion 

protection. For DH SnF2 toothpastes provided a 57% (evaporative air) and 142% (tactile) benefit versus 

negative controls (sodium fluoride/monofluorophosphate, 8 studies; p<0.001). Compared to positive 

controls (potassium nitrate or arginine, 6 studies), a 22% advantage (p=0.036) was seen for evaporative 

air. In erosion studies, SnF2 toothpastes provided an 83% benefit versus control toothpastes (arginine or 

sodium fluoride; p<0.001) with a change (95%CI) in average surface profilometry level (µm) of -2.02(-2.85, 

-1.20). 

Conclusions 

The use of these bioavailable SnF2 toothpastes, as part of a daily oral hygiene regimen, will provide 

patients with enamel erosion protection, combined with alleviation of DH pain when present, improving 

quality of life. 

Highlights 

• Dentine hypersensitivity (DH) and enamel erosion are prevalent oral conditions. 

• A meta-analysis showed DH benefits of 22-142% for SnF2 toothpaste vs controls. 

• A separate meta-analysis showed 83% less erosion for SnF2 toothpaste vs controls. 
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• Twice-daily use of SnF2 toothpaste should benefit patients prone to DH or erosion. 

 

I. Introduction  

Dentine hypersensitivity (DH) and erosive toothwear are common oral problems that have significant 

quality of life implications. The conditions share a number of aetiology and prevention strategies. DH 

has been defined as a short, sharp pain arising from exposed dentine in response to stimuli which 

cannot be ascribed to any other form of dental defect or pathology [1,2]. The reported prevalence of DH 

varies from 4-74% of the general population [3], and has been reported to be as high as 98% in 

periodontal patients [4]. DH occurs most commonly in the cervical areas of canines and first bicuspids on 

the buccal surfaces [1] where dentine is exposed through either loss of enamel on the crown of the 

tooth or gingival recession exposing the root [5]. Gingival recession is caused by anatomical, 

physiological and pathological factors such as traumatic toothbrushing, periodontal diseases and 

treatment, and smoking [6,7]. Enamel loss occurs as a result of physical (abrasion/attrition/trauma) 

and/or chemical (erosion) challenges to the tooth surface [8].  

Similar to DH, the prevalence of erosive toothwear is also high and is increasing, although there is a 

considerable variation in figures between studies ranging from 4-100% in adults [9]. Clinically, early 

enamel erosion is difficult to detect, often resulting in lack of awareness of the condition until extensive 

tissue loss develops over time [10]. Erosive toothwear has been recognized as the most common type of 

toothwear [11], and exposure to dietary acids has been strongly associated with DH and erosive 

toothwear in young adults [12,13].  

 

Preventive strategies are the essential first line management for erosion protection, as once bulk tooth 

surface structure is lost, erosive wear is irreversible and often requires extensive restorative dentistry 

[14]. Polyvalent metal ions, such as stannous fluoride (SnF2), have been shown to provide enhanced 

protection of the tooth from erosive damage [15-18].   

Over-the-counter sensitivity relief toothpastes mainly fall under two basic categories based on their 

mechanism of action:  those that modify or block the pulp nerve response such as potassium nitrate [19-

21], and those that occlude exposed dentinal tubules, such as SnF2 and arginine [22,23]. Recent 

systematic reviews on DH [24-27] support the use of a number of agents including SnF2 delivered via 

toothpastes for sensitivity relief.  
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SnF2 has been incorporated into oral hygiene products to prevent caries, gingivitis and reduce dentinal 

hypersensitivity since the 1960’s [28-30]. The protective effect of SnF2 is a result of the reaction between 

the stannous ion and the dental hard tissue which leads to the formation of a stable layer of deposition 

on the tooth tissue surface that is resistant to acid challenge [17]. Incorporating SnF2 in toothpaste 

formulations has been challenging due to its unique properties such as instability in the aqueous 

medium of toothpastes [31]. Continued research efforts have led to a series of technical breakthroughs, 

resulting in patented SnF2 toothpaste formulations with bioavailable stannous and with extrinsic 

whitening agents.  

This paper reports on meta-analyses of randomized clinical trials conducted over the past three decades 

on 0.454% gluconate chelated SnF2 toothpaste from the same formulation family with established 

stannous bioavailability, to assess their effects on dentine hypersensitivity (DH) and enamel erosion. The 

studies were selected because the chemical profiles of the bioavailable SnF2 gluconate chelated 

toothpastes were well-characterized and access to the individual dataset allowed for data analysis at the 

participant level. The first PICO question formulated for this investigation was “In parallel RCTs of 2 

months or less, what is the efficacy of a 0.454% bioavailable SnF2 family of toothpastes as compared to 

positive and negative controls on adult participants with DH as measured by pain response to tactile or 

evaporative stimuli?”. The second PICO question formulated for this investigation was, “In crossover in 

situ RCTs of 10-15 days durationwhat is the efficacy of a 0.454% bioavailable SnF2 family of toothpastes 

on enamel samples housed in situ in healthy adult volunteers as measured by surface profilometry 

versus various controls?” . The null hypothesis for both PICO questions is that there would be no 

difference in efficacy between the SnF2 toothpaste and the control toothpaste. 

 

 

 

2. Materials and methods 

 

These meta‐analyses were conducted in agreement with the principles of the PRISMA statement [32] 

although this is not a intended a systematic review, and followed the same methodology recently 

undertaken by Biesbrock et al [33] in a meta-analysis of gingival bleeding trials. The protocols for these 

meta-analyses have been registered in clinicaltrials.gov. 
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2.1 Search 

A search limited to the Procter & Gamble Oral Care Clinical archive was undertaken to identify all 

relevant studies that fit the inclusion criteria (PICOs) with results available as of March 2020 for inclusion 

in these meta-analyses.  

2.2 Eligibility criteria 

The PICO model used for the DH meta-analysis was as follows: (1) Patient: adult DH sufferers; (2) 

Intervention: family of 0.454% bioavailable SnF2 toothpastes; (3) Comparator: positive (potassium 

nitrate, arginine) or negative control (sodium fluoride or monofluorophosphate) toothpaste; (4) 

Outcome measures: DH in response to an evaporative stimulus (Schiff score); DH in response to a tactile 

stimulus (Yeaple pressure); and (5) Study design: Only parallel randomized, blinded, and controlled 

clinical trials with intervention and control groups in healthy human participants not susceptible to 

periodontal disease, and reporting the effect of a family of 0.454% bioavailable gluconate chelated SnF2 

toothpastes on DH relief with data from evaluations at 2 months or less, were included. 

The PICO model used for the erosion meta-analysis was as follows: (1) Patient: healthy participants; (2) 

Intervention: family of 0.454% bioavailable SnF2 toothpastes; (3) Comparator: marketed control 

(arginine or sodium fluoride) toothpaste; (4) Outcome measures: tooth surface loss (measured by 

surface profilometry); (5) Study design: Only randomised and controlled in situ crossover studies with 

similar study design that reported the effect of a family of 0.454% bioavailable gluconate chelated SnF2 

toothpastes on the outcomes from human enamel samples after 10-15 days were included. 

 

2.3 Study selection and data extraction 

The P&G archive was searched from 1st January 2000 to 30th June 2020, and all studies that reported the 

effect of 0.454% bioavailable gluconate chelated SnF2 toothpastes on DH or erosion were assessed for 

inclusion in the analysis. Two authors (TH and YZ) independently assessed the eligibility of all studies 

retrieved from the archives. Disagreements between the evaluators concerning the selected studies 

were resolved by discussion. From the studies included in the final analysis, the following data were 

extracted to excel files generated for the purpose 

: study name and year; country; study design; participants; age and gender; intervention; follow‐up 

period; oral health condition; and values of outcome measurements (participant-level data, sample size, 
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means and standard deviations) in both intervention and control groups. If the study had more than one 

follow‐up visit, the assessment up to and including the 2-month visit was used for data extraction.  

2.4 Risk of bias (RoB) assessment 

We assessed the quality of the included individual studies based on the revised Cochrane collaboration 

RoB tool for randomized parallel-group and cross-over trials [34]. RoB 2 consists of five domains of bias 

focusing on different aspects of study design, conduct, and reporting. Within each domain, a series of 

signaling questions elicits information about features of the study and an algorithm is used to propose a 

risk of bias judgement (low risk, some concerns, and high risk). A risk of bias judgement was assigned to 

each study. 

2.5 Efficacy assessments 

Tactile Sensitivity. A Yeaple Probe is used to assess tactile sensitivity [35]. The clinical examiner makes 

two horizontal sweeps with the probe tip, keeping it perpendicular to the root surface of the tested 

tooth, across the facial surfaces of the sensitive area at each force setting. At baseline, testing begins at 

10 grams of force. Where a pain response is elicited, teeth are re-challenged at 10 grams. Teeth 

responding positively to both challenges are designated as test teeth. At subsequent visits, test teeth 

initially receive a force of 10 grams which is increased by 10 grams incrementally to 50 grams, until a 

participant’s “yes” pain response is repeated on the tooth. If no sensitivity is noted up to 50 grams, 50 

grams is recorded as the threshold. 

Schiff Thermal Air Sensitivity. A one-second application of cold air is delivered to study test teeth from a 

standard dental unit syringe at a temperature of 21° ± 3°C and pressure of 40–60 psi. Teeth are isolated 

mesially and distally from adjacent teeth. Participant response to the cold air blast is quantified with the 

Schiff Air Sensitivity Index using the following scale [34]: 

0 – Tooth/participant did not respond to air stimulus. 

1 – Tooth/participant responded to air stimulus but did not request discontinuation of stimulus. 

2 – Tooth/participant responded to air stimulus and requested discontinuation or moved from stimulus. 

3 – Tooth/participant responded to air stimulus, considered stimulus to be painful, and requested 

discontinuation of the stimulus. 
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Surface Profilometry 

Baseline readings are obtained for each flat, polished, enamel specimen using a calibrated contact 

surface profilometer [36]. The ends of the samples are protected with PVC tape and a 2- to 3-mm area is 

exposed to test treatments. To determine surface loss, the PVC tape is removed and enamel samples are 

remeasured at the end of the treatment phase using the same profilometry method across the 

demarcated area.  

2.6 Statistical analysis   

For DH (Schiff, Yeaple force) and enamel erosion (surface profilometry) efficacy variables, the generic 

inverse variance method with random-effects model was used to calculate the summary differences 

between the SnF2 toothpaste and the control toothpaste (both positive control and negative control). 

Results included sensitivity assessments from 2 to 8 weeks. Erosion profilometry measurements were 

from crossover studies with 10 to 15 treatment days in each period. For studies with multiple 

interventions or controls, the weighted average of the scores and pooled standard deviation were 

calculated in order to obtain a single pairwise comparison and to mitigate the unit-of-analysis error. 

Paired analyses were conducted for all erosion crossover trials. 

The principal summary measure was the estimated mean differences, which are presented in forest 

plots along with  the 95% confidence intervals (CIs). Tests for overall effects were based on z-statistics 

and associated p values. Percent change from control was calculated by the weighted percent change 

from the control from different studies where the weights were calculated from the random effects 

model.  

The statistical heterogeneity was quantified using the I2 statistic which was reported in the forest plots. 

An I2 statistic of 30–60% represented moderate heterogeneity, an I2 statistic of 50–90% represented 

substantial heterogeneity, and an I2 statistic of 75–100% represented considerable heterogeneity [37]. 

Average Schiff Score was used to classify participant level sensitivity at baseline and the final visit used in 

the analysis as: not sensitive to stimuli (≤ 1); and sensitive to stimuli (>1). Transition rates by treatment 

were then calculated and used to generate odds ratios with 95% confidence intervals. 

All summary-level meta-analyses were conducted using the “metafor” package in R version 3.2.3 

[38,39]. All participant-level analyses were conducted using SAS 9.4 (SAS Institute, Cary NC). 
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3. Results 

Fourteen randomized and controlled clinical trials (RCTs) [40-53] were identified assessing DH relief 

based on evaporative cold air and tactile stimuli pain response measurements. The studies involved 

1287 participants and were conducted across the United States, Canada and China (Table 1). Six in situ 

clinical studies [54-59] were identified assessing enamel erosion protection (enamel samples housed in 

situ) using surface profilometry. These crossover studies included 186 participants and were conducted 

in the United Kingdom (Table 2). 

3.1 Dentine hypersensitivity meta-analyses 

The meta-analyses of DH RCTs comparing SnF2 to controls as measured by Schiff evaporative score are 

shown in Figure 1 A and B. In 8 DH studies assessing a SnF2 toothpaste versus a negative control (sodium 

fluoride, sodium monofluorophosphate) [40-47] a change in the average Schiff score of -1.23 (95% CI: -

1.53, -0.94) was observed; equating to a 57% benefit versus the negative control (p<0.001). 

In 6 DH RCTs assessing a SnF2 containing toothpaste versus a positive control (potassium nitrate, 

arginine) [48-53], a change in the average Schiff score of -0.39 (95% CI: -0.75, -0.03) was observed; 

equating to a 22% benefit versus the positive control (p=0.036). 

The meta-analyses of DH RCTs comparing SnF2 to controls as measured by Yeaple probe (tactile) are 

shown in Figure 2 A and B. In 8 DH studies assessing a SnF2 toothpaste versus a negative control (sodium 

fluoride, sodium monofluorophosphate) [40-47], an increase in the average Yeaple score of 20.08 (95% 

CI: 14.69, 25.47) was observed, equating to a 142% benefit versus the negative control (p<0.001). 

In 4 DH studies assessing a SnF2 toothpaste versus a positive control (potassium nitrate, arginine) 

[48,50,53,54], no statistically significant difference was observed between the treatments (p=0.225). 

3.2 Results of participant-level Schiff score analysis 

Of the 661 DH participants treated with SnF2, 453 (69%) transitioned to the not sensitive group (Schiff 

≤1), while only 31 (8%) of the 374 participants treated with the negative control transitioned to the not 

sensitive group, and only 106 (37%) of the 288 participants treated with the positive control transitioned 

to the not sensitive group. SnF2-treated participants in the negative control studies had 24.8 [16.6, 37.1] 

times better odds of transitioning from sensitive to not sensitive versus the negative control-treated 

participants, and 3.8 [2.8, 5.1] times better odds of transitioning from sensitive to not sensitive versus 

the positive control-treated participants (Table 3). 
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3.3 Erosion meta-analysis 

The meta-analysis of erosion in situ RCTs comparing bioavailable SnF2 to marketed controls, as 

measured by surface profilometry, is shown in Figure 3. In 6 enamel erosion studies assessing SnF2 

toothpastes versus marketed controls [54-59], the difference in the average surface profilometry level 

(µm) between the SnF2 toothpaste and control was -2.02 (95% CI:  

-2.85, -1.20; p<0.001). This reduction equates to an 83% benefit for the SnF2 toothpaste versus the 

marketed control. 

3.4 Risk of bias 

The risk of bias as determined by the revised Cochrane collaboration RoB tool for randomized parallel-

group and cross-over trials [34] was deemed to be low in all categories of internal bias (Figures 4 & 5, S1, 

S2). All studies included in the meta-analysis were randomized and blinded with the allocation sequence 

concealed until all participants were enrolled and assigned to treatment (bias arising from the 

randomization process). The individual study analyses were based on the per-protocol population to 

assess the effect of adhering to intervention (bias due to deviations from the intended interventions). 

Outcome data was available for all or nearly all participants (bias due to missing outcome data). Valid 

and reliable outcome measures were used in all studies and, in the case of single-blind studies, the 

examiners were not aware of the participants’ assigned intervention during the trial (bias in 

measurement of the outcome). All published and unpublished studies had a pre-specified analysis plan 

and results were included regardless of outcome (bias in the selection of the reported result).  The 

Procter & Gamble Company sponsored all studies in this meta-analysis.  While this is a potential source 

of systematic bias, all studies were randomized, blinded and controlled, mitigating the across-study risk 

of bias to a large degree.  Furthermore, the scope of the research is robust involving 20 studies in 4 

different countries.  

 

4. Discussion 

The DH meta-analysis assessed the effect of a bioavailable gluconate chelated SnF2 toothpaste relative 

to negative and positive toothpaste controls on DH as measured by evaporative cold air and tactile 

stimulus over a period of up to 8 weeks. When compared to negative control toothpastes the null 

hypothesis is rejected, analysis strongly supporting better  desensitizing efficacy of stabilized SnF2 

toothpastes by both measures assessed. When compared to positive controls, the null hypothesis was 
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rejected regards to cold air stimulus (p=0.036), however it could not be rejected following tactile 

stimulus as they were comparable (p=0.225).   The enamel erosion meta-analysis demonstrated that use 

of the bioavailable SnF2 toothpaste resulted in significantly less enamel sample loss due to acid erosion 

relative to use of control toothpastes, confirming that SnF2 is effective at protecting enamel from 

erosion, the null hypothesis was rejected.  

It is recognized that SnF2 provides dental hard tissue protection benefits by depositing a protective 

barrier that is likely composed of either stannous oxide or stannous fluorophosphate, both of which are 

highly acid resistant [60,61]. These tin-rich deposits are less susceptible to dissolution than 

hydroxyapatite, being enhanced by repetitive application, eventually resulting in improved protection of 

the underlying tooth with considerably less surface loss [62]. Management by occlusion of dentinal 

tubules with agents such as SnF2 has long been a well-accepted mechanism for the treatment of dentine 

hypersensitivity [63]. The deposition property of tin on exposed dentine has been shown to allow the 

product to act quickly, obturating open tubules to provide fast relief [64,65]. As the efficacy of tubular 

occluding agents depends on their resistance to removal, especially in an acidic environment, the 

resistance of tin-rich deposits to dissolution, which affords them their protective effect to acid erosion, 

also contributes to efficacy of SnF2 as a desensitizing agent. 

Both DH and enamel erosion are common oral health problems affecting many individuals on a global 

level and are likely to increase year on year due to retention of vital natural teeth, culminating in 

significant quality of life and public health implications. In the case of DH, patient quality of life is often 

compromised as the pain is associated with tangible discomfort [66,67]. For enamel erosion, the subtle, 

cumulative and irreversible nature of the damage presents significant challenges for diagnosis and risk 

communication, often not identified by the patient or oral health care professional until a Basic Erosive 

Wear Examination score of ‘2’ – indicative of clinically relevant erosion – is reached [68]. The two oral 

conditions are linked, as acid erosion is an important aetiological factor in exposing dentine tubules and 

opening them, potentially resulting in DH for many individuals [5]. A strong, progressive relationship 

between DH and erosive toothwear was reported in a study by West and colleagues investigating the 

prevalence of DH and relative importance of risk factors [13], a significant association between severity 

of toothwear and severity of DH has been demonstrated [69], and the presence of erosive toothwear 

has been shown to increase the odds of presenting with DH [70].  

The DH studies in the meta-analysis utilized well-accepted clinical assessments including both cold air 

and tactile stimulations in double-blinded, randomized clinical trials [2,71]. The enamel erosion studies 
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in the meta-analysis used an in situ erosion model that has been well-accepted and published to assess 

erosion protection benefits [72]. The in situ model utilizes controlled conditions to ascertain the single-

variable chemical effects of the toothpaste investigated against an erosive acid challenge. It allows the 

isolation of erosive factors to minimize the contribution of confounding factors and enables accurate, 

objective assessment of enamel loss. Toothbrushing was not applied onto the enamel specimen as prior 

research [73,74] has reported no or negligible added enamel wear from toothbrushing with this degree 

of tooth tissue loss from erosion. These studies are supported from questionnaire data from over 3000 

European adults, which showed that the timing of toothbrushing with respect to dietary acid challenge 

is not associated with erosive toothwear [12]. 

These meta-analyses were restricted to studies in the Procter & Gamble archive sponsored by the 

Procter and Gamble company from 2000 to 2020, therefore it is recognized that the risk of selection bias 

in this publication must be considered [75]. The authors are only aware of two other studies in the 

literature not sponsored by Procter & Gamble that evaluated gluconate-chelated SnF2, one on DH and 

the other on erosiontoothpaste using methodologies similar to those included in the meta-analyses.  

These studies could not be included in the meta-analysis as the participant level data was not available. 

Results from the sensitivity study demonstrated a significant benefit for the gluconate-chelated SnF2 

toothpaste versus a negative control but only for cold thermal sensitivity at one time point [76]. 

Similarly, when compared to the positive control the gluconate-chelated SnF2 toothpaste reduced tactile 

sensitivity to a similar degree at one timepoint, but thermal sensitivity scores were reduced significantly 

less. The results from the erosion study were consistent with the findings reported herein; the 

gluconate-chelated SnF2 toothpaste provided statistically significant erosion protection compared to a 

negative control [77]. Furthermore, in the meta-analysis presented here, all studies that were 

randomised, blinded and controlled were reviewed for inclusion in the research, not just those that 

went on to publication, eliminating the potential for publication bias [78]. The research was robust and 

indicates reproducibility, with studies undertaken in 4 different countries.   

The present meta-analyses further demonstrate the significant desensitizing and anti-erosion benefits 

for the bioavailable gluconate chelated SnF2 toothpaste formulation family in randomized controlled 

global clinical research, involving over a thousand participants over 20 years. As these findings are 

specific to a bioavailable gluconate chelated SnF2 formulation family, results should not be extrapolated 

to other SnF2 products, as formulation (e.g., chelation agents, excipients, water content) is known to 

affect bioavailability [31].  
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5. Conclusion 

These meta-analyses of 14 RCTs evaluating DH and 6 RCTS evaluating enamel erosion demonstrate the 

advantages of bioavailable SnF2 toothpastes relative to various controls for these common oral 

conditions. Benefits for the SnF2 dentifrice over controls ranged from 22-142% for alleviation of dentine 

sensitivity and 83% for erosion protection.  These results are consistent with the literature and provide 

further support for their use by patients susceptible to these conditions.  Future research could consider 

evaluations among specific patient populations and/or compared to non-dentifrice controls.  

Ethical approval 

Each clinical study included in these meta-analyses was designed and managed in compliance with 

principles of Good Clinical Practice and approved by an Institutional Review Board. 

 

Informed consent 

Verbal and written informed consent were obtained from all individual study participants included in the 

investigations in the meta-analysis. 
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Table 1. Randomized, controlled clinical trials assessing DH relief by evaporative cold air and tactile stimuli pain response measurements 

Study Reference Formula Year Study 
Initiated 

Location Measures 
inclusion criteria 

  Length of 
Measurement 

N Female Mean age in 
years (SD) 

Amini et al [40] 0.45% SnF2 
0.51% SnCl2 

0.53% Zn citrate 

2018 Nevada, 
USA 

Schiff > 1 Yeaple [10,20] Negative, NaF 4 weeks 77 75% 41.0 (12.7) 

He  [41] 0.45% SnF2 
0.51% SnCl2 

0.53% Zn citrate 

2018 Ontario, 
Canada 

Schiff > 1 Yeaple [10,20] Negative, SMFP 30 days 90 80% 52.1 (10.6) 

Amini S3 [42] 0.45% SnF2 
0.51% SnCl2 

0.53% Zn citrate 

2018 Nevada, 
USA 

Schiff > 1 Yeaple [10,20] Negative, SMFP 4 weeks 89 70% 40.7 (11.87) 

He et al [43] 0.45% SnF2 

2.5% Zn lactate 
2012 Ontario, 

Canada 
Schiff >1 Yeaple =10 Negative, SMFP 2 weeks 116 78% 45.7 (8.99) 

He et al [44] 0.45% SnF2 

2.5% Zn lactate 
2012 Ontario, 

Canada 
Schiff >1 Yeaple =10 Negative, SMFP 8 weeks 97 79% 45.9 (9.32) 

Sharma S4 [45] 0.45% SnF2 

2.5% Zn lactate 
2010 Ontario, 

Canada 
Schiff >1 Yeaple =10 Negative, SMFP 2 weeks 111 68% 44.2 (10.17) 

Schiff et al [46] 0.45% SnF2 

2.5% Zn lactate 
2003 California, 

USA 
Schiff >1 Yeaple =10 Negative, NaF 8 weeks 90 53% 32.2 (10.1) 

Schiff et al [47] 0.45% SnF2 

2.5% Zn lactate 
2002 California, 

USA 
Schiff >1 Yeaple =10 Negative, NaF 8 weeks 77 57% 31.4 (10.3) 

Klukowska S5 [48] 0.45% SnF2 

2.5% Zn lactate 
2017 Xi’an, 

China 
Schiff >1  Yeaple =10 Positive, potassium 

nitrate 
4 weeks 120 93% 48.2 (9.34) 

Klukowska S6 [49] 0.45% SnF2 

2.5% Zn lactate 
2017 Xi’an, 

China 
Schiff >1  Yeaple =10 Positive, stannous 

fluoride 
4 weeks 120 93% 49.8 (9.9) 

Nachnani S7 [50] 0.45% SnF2 

2.5% Zn lactate 
2016 California, 

USA 
Schiff >1 n/a Positive, potassium 

nitrate 
2 weeks 58 67% 45.1 (13.36) 

Amini S8 [51] 0.45% SnF2 

2.5% Zn lactate 
2015 Nevada, 

USA 
Schiff >1 Yeaple = 10 - 40 Positive, potassium 

nitrate 
2 weeks 69 57% 36.1 (11.53) 

He S9 [52]  0.45% SnF2 

2.5% Zn lactate 
2010 Xi’an, 

China 
Schiff >1  n/a Positive, 

SMFP/arginine 
2 weeks 79 96% 43.6 (7.94) 

Schiff S10 [53] 0.45% SnF2 

2.5% Zn lactate 
2003 California, 

USA 
Schiff >1  Yeaple = 10 Positive, potassium 

nitrate 
8 weeks 94 51% 32.4 (10.2) 

Note: N = number of evaluable participants at evaluation timepoint; NaF = sodium fluoride SMFP = sodium monofluorophosphate.   
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Table 2 Randomised controlled crossover in situ enamel erosion protection studies measured using surface profilometry.  

Study 
Reference  

Formula Year Location Measure Inclusion 
Criteria 

Control Length of 
Measurement 

N Female  Mean 
age in 
years 
(SD) 

Hellin et al.,  
[54] 

0.45% SnF2 
0.51% SnCl2 

0.53% Zn citrate 

2017 Bristol, 
UK 

Surfometry 
Levels (µm) 
(log scale) 

Healthy 
participants with 
no evidence of 
erosion  

NaF 10 days 34 71% 41.8 
(12.35) 

West et al., 
[55] 

0.45% SnF2 

0.46% SnCl2 

1.9% Zn lactate 

2015 Bristol, 
UK 

Surfometry 
Levels (µm) 
(log scale) 

Healthy 
participants with 
no evidence of 
erosion  

NaF 10 days 34 69% 40.5 
(13.48) 

West et al., 
[56] 

0.45% SnF2 
0.51% SnCl2 

0.53% Zn citrate 

2014 Bristol, 
UK 

Surfometry 
Levels (µm) 
(log scale) 

Healthy 
participants with 
no evidence of 
erosion  

SMFP/arginine 10 days 34 74% 40.3 
(13.48) 

West et al., 
[57] 

0.45% SnF2 

2.5% Zn lactate 
2014 Bristol, 

UK 
Surfometry 
Levels (µm) 
(log scale) 

Healthy 
participants with 
no evidence of 
erosion  

SMFP/arginine 10 days 34 76% 44.6 
(12.52) 

West et al.,  
[58] 

0.45% SnF2 

2.5% Zn lactate 
2012 Bristol, 

UK 
Surfometry 
Levels (µm) 
(log scale) 

Healthy 
participants with 
no evidence of 
erosion  

NaF 15 days 36 81% 44.8 
(12.15) 

Zhao et al., 
[59] 

0.45% SnF2 
0.51% SnCl2 

0.53% Zn citrate 

2016 Xi’an, 
China 

Surfometry 
Levels (µm)  

Healthy 
participants with 
no evidence of 
erosion 

NaF/potassium 
nitrate 

10 days 12 100% 36.3 
(11.19) 

Note: N = number of evaluable participants at evaluation timepoint; NaF = sodium fluoride; SMFP = sodium monofluorophosphate. 
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Table 3 Baseline and post-baseline Schiff score for participants who had sensitivity (Schiff >1) at baseline 

                     Post Baseline Schiff Score 
Treatment Baseline  

Schiff Score 
Total ≤1 

(not sensitive) 
>1 
(sensitive) 

SnF2 >1 661 453 (69%) 202 (31%) 
Neg Control >1 374 31 (8%) 343 (92%) 
Pos Control >1 288 106 (37%) 179 (63%) 
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Figure Legends 

Figure 1. Results from RCTs included in the sensitivity Schiff Air Index meta-analysis versus a negative 
control (a) and positive control (b).  

Figure 2. Results from RCTs included in the sensitivity Yeaple probe meta-analysis versus a negative 
control (a) and positive control (b). 

Figure 3. Results from RCTs included in the erosion meta-analysis versus marketed controls. profilometry 
levels (µm) change from baseline (log) 

Figure 4. Risk of Bias Assessment for DH meta-analysis 

Figure 5.  Risk of Bias Assessment for erosion meta-analysis  

 

Supplementary File Captions 

S1.   Risk of Bias – sensitivity 

S2.   Risk of Bias – dentine hypersensitivity 

S3.   Data - Amini, 2018 

S4.   Data – Sharma 2010 

S5.   Data – Klukowska 2017a 

S6.   Data – Klukowska 2017b 

S7.   Data – Nachnani 2016 

S8.   Data – Amini  2015 

S9.   Data – He 2010 

S10. Data – Schiff 2003 
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