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A B S T R A C T

Objectives: Theobjectives of this studywere to compare theamount of fluoridedeliveredvia a topi-

cal application of 38% silver diamine fluoride (SDF) solution and 5% sodium fluoride (NaF) varnish

aswell as todetermine theamountof 38% SDFsolutiondeliveredusingvariousmicro-applicators.

Methods: Theweights of 38% SDF (Saforide) and 5% NaF (Duraphat) applied to the occlusal surface

of anextractedhumanupperfirst premolarwitha regular-size (2.50-mmtipdiameter)micro-appli-

cator were measured using an electronic-analytical balance. Afterwards, the weight of 38% SDF

applied to a premolar using themicro-applicators of 5 common brands (Premium Plus, 3M, Dents-

ply, Elevate Oral Care, and SDI) were studied. The tip diameter of eachmicro-applicator wasmea-

suredunderamicroscope.Theweightsof thedeliveredfluorideandsilverwerealso calculated.

Results: The mean weights of the fluoride delivered via the SDF solution and NaF varnish

were 0.25§ 0.07 mg and 0.49§ 0.08 mg, respectively (P < .001). In addition, the tip diameters

of the micro-applicators ranged from 1.89 § 0.03 mm to 2.76 § 0.02 mm. The mean weights

of the fluoride delivered per application of 38% SDF using different applicators ranged from

0.13 § 0.06 mg to 0.30 § 0.09 mg, whereas the mean weights of the silver ranged from

0.76 § 0.32 mg to 1.68 § 0.50 mg. The weights of the delivered 38% SDF solution varied with

the brand and with the tip diameters of the dental micro-applicators (P < .001).

Conclusions: The fluoride of the 38% SDF solution delivered topically was significantly less

than that of 5% NaF varnish. Moreover, the amount of SDF solution delivered depends on

the brand and size of the micro-applicators.

� 2022 The Authors. Published by Elsevier Inc. on behalf of FDI World Dental Federation.

This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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Introduction

Professional fluoride therapy is effective for the prevention of

dental caries.1 Common fluoride agents include sodium fluo-

ride (NaF), which can be acidulated and buffered with a phos-

phate to form acidulated phosphate fluoride (APF); sodium

monofluophosphate; and stannous fluoride and silver

diamine fluoride (SDF). They contain high concentrations of

fluoride ranging from 12,300 ppm (APF) to 44,800 ppm (SDF).

NaF varnish is a commonly used fluoride agent in dental

care. Varnish containing 5% NaF contains 22,600ppm of fluo-

ride. Its use is simple, quick, and well received amongst

patients, with negligible side effects. Although the US Food

and Drug Administration (FDA) cleared NaF in 1994 as an

antihypersensitivity agent, it has become the most
commonly used professional fluoride agent for caries man-

agement.2 A systematic review concluded that NaF varnish

remineralised 64% of enamel caries.3 The American Academy

of Pediatrics recommends using 5% NaF varnish at intervals

that increase with caries risk status.4 Although use of NaF

varnish is considered to be a standard of care for prevention

of early childhood caries, a systematic review by the

Cochrane Collaboration revealed that use of NaF varnish is

inadequate because it reduced only 37% of early childhood

caries development.5

Amongst the fluorides that dentists use, 38% SDF contains

the highest concentration of fluoride (44,800ppm). SDF use is

noninvasive, simple, and inexpensive.6 Its use has gained

wider attention since the FDA cleared it in 2014.7 A review

concluded that SDF appears to meet the criteria of both the

World Health Organisation Millennium Goals and the Insti-

tute of Medicine’s criteria for 21st-century medicine in the

http://crossmark.crossref.org/dialog/?doi=10.1016/j.identj.2022.03.004&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:chchu@hku.hk
https://doi.org/10.1016/j.identj.2022.03.004
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.identj.2022.03.004


774 yan e t a l .
management of dental caries.8 Along with its high fluoride

content, which promotes the remineralisation of enamel and

dentine, SDF contains high silver content (253,900 ppm),

which inhibits the growth of cariogenic bacteria.9 Studies

have also found that SDF inhibits proteolytic peptidases and

prevents dentine collagen.10,11 A review concluded that SDF

is a more effective caries management reagent than NaF is.12

The American Dental Association supported the use of SDF

for caries management in 2020 after conducting a review of

evidence-based clinical recommendations.

Clinical studies have found that SDF did not cause acute

systemic illness.13-15 Toothache, gingival pain,1 and swelling

were uncommon after SDF therapy.16 The study also con-

cluded that SDF use is safe for young children. However, 38%

SDF contains high fluoride and silver content. The excess

intake of fluoride can lead to fluorosis, and silver can be

absorbed and accumulate in the body.17 In light of this, deter-

mining the proper amount of SDF to apply to patients is cru-

cial in clinical care.

SDF is often applied to a tooth using a dental micro-appli-

cator. A micro-applicator is disposable and is designed for a

single user; hence, it is often composed of a biodegradable

material. The fibre of the micro-applicator’s tip is commonly

made of nylon and polypropylene. Although most of the com-

mercially available SDF is at 38%, no consensus exists regard-

ing the size of the micro-applicator one should use for an SDF

application. The sizes of micro-applicators vary amongst

brands, and some brands have micro-applicators at both reg-

ular and small/fine sizes. The objectives of the present study

were to compare the amount of fluoride delivered in a topical

application of 38% SDF and 5% NaF varnish as well as to

determine the proper amount of 38% SDF to deliver using dif-

ferent dental micro-applicators.
Materials andmethods

Fluoride delivered via 38% SDF and 5% NaF varnish

An extracted sound upper first premolar mounted on a plas-

ter stand was used for the application of fluoride. The micro-

applicator used was the Disposable Micro-applicator (Pre-

mium Plus, Premium Plus International Limited). An elec-

tronic-analytical balance (weighing scale, A&D Corporate)

with a precision of 0.01 mg was used for the measurement.

The weight of the micro-applicator before soaking with fluo-

ride solutions were recorded. One researcher applied the fluo-

ride agent to the premolar occlusal surface. A single

application of freshly opened bottles of 38% SDF (Saforide,

Toyo Seiyaku Kasei Co. Ltd.) or 5% NaF varnish (Duraphat,

Colgate Palmolive Co.) was topically applied to the occlusal

surface of the premolar. We determined the weight of the

micro-applicator after soaking with fluoride solutions. We

rinsed thoroughly the premolar with water. Afterwards, we

dried the tooth with pressurised air and gauze before we per-

formed another application. Twenty applications were per-

formed for each fluoride agent (NaF and SDF), and the mean

amounts of fluoride applied were calculated. We assumed

that the 38% SDF solution contained 253,900 ppm silver and

44,800 ppm fluoride and the 5% NaF varnish contained
22,600 ppm fluoride to calculate the amount of fluoride and

silver delivered to the premolars.
SDF solution delivered via different micro-applicators

This laboratory study involved selecting 5 commercially

available dental micro-applicators, namely (1) Disposable

Applicators (3M ESPE), (2) Disposable Micro-applicators (Pre-

mium Plus, Premium Plus International Limited), (3) Applica-

tor Tips (Dentsply, Dentsply International), (4) Points

Disposable Brush Applicators (SDI), and (5) Advantage Arrest

Applicators (Elevate Oral Care). Three of them are regular and

small/fine in size. Twenty applications of SDF were per-

formed using each type of applicator, and the mean amounts

of the applied SDF were calculated.
Tip sizes of different micro-applicators

A digital microscope (Nikon Polarizing Microscope LV100Pol,

Nikon Color Cooled Digital Camera Ds-Ri1) was used to scan

images of each micro-applicator’s tip at different distances, and

it generated one image for the measurement of the diameter of

the tip of the micro-applicator. A micrometre ruler was used to

calibrate the computer software programme (Nikon, Software

NIS-Elements AR 3.1) for the measurement of the tip of micro-

applicator.18 A trained technician used 20 micro-applicators of

each brand and size for the measurement. The measurements

were recorded, and the mean diameter of each tip was calcu-

lated. Another independent technician verified the measure-

ment to minimise measurement errors.18
Statistical analyses

Two independent researchers performed data entry, and the 2

data sets were compared to ensure accuracy. A statistician per-

formed the data analyses using SPSS software version 26.0 (IBM

Corporation). The data were tested for normality using the Sha-

piro−Wilk test. One-way analysis of variance (ANOVA) with

Tukey post hoc tests was used to compare the weights of fluo-

ride delivered using different brands of micro-applicators. The

level for statistical significance for all analyses was set at 5%.

Separated linear regression analysis was used to explore the

relationship between the tip diameter of a micro-applicator and

the weight of SDF applied to a premolar.18
Results

Fluoride delivered by 38% SDF solution and 5% NaF varnish

Twenty applications of Saforide solution and Duraphat var-

nish were performed using the Disposable Micro-applicator.

The mean weights (§ standard deviation [SD]) of the fluoride

delivered via the 38% SDF solution and 5% NaF varnish were

0.25 § 0.07 mg and 0.49 § 0.08 mg, respectively (P < .001)

(Table 1).



Table 1 – Weight of Saforide and Duraphat applied to tooth with amicro-applicator.*

Fluoride agent (Brand)

Fluoride agent taken by the
micro-applicator (mg),
mean § SD

Fluoride agent applied to a
tooth (mg), mean § SD

Fluoride applied to a tooth
(mg), mean § SD

Silver diamine fluoride 38%

solution (Saforide)

17.89 § 2.54 5.60 § 1.61 0.25 § 0.07

Sodium fluoride 5% varnish

(Duraphat)

26.48 § 3.51 21.46 § 3.36 0.49 § 0.08

* Premium Plus (regular size with tip diameter of 2.5 mm).
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SDF solution delivered by different micro-applicators

The mean weights of the SDF delivered via different applica-

tors ranged from 3.00 § 1.26 mg to 6.60 § 1.96 mg (Table 2). In

addition, the mean weights of the estimation of the applied

fluoride of 38% SDF ranged from 0.13 § 0.06 mg to

0.30 § 0.09 mg. The mean weights of the estimation of the

applied silver of the 38% SDF solution ranged from

0.76 § 0.32 mg to 1.68 § 0.50 mg.

The results of the one-way ANOVA determined that signif-

icant differences existed amongst different groups for the tip

diameter of the dental applicator (P < .001), the weight of the

applied SDF solution (P < .001), the weight of the fluoride

applied to the tooth (P < 0.001), and the weight of the silver

applied to the tooth (P < .001). Although the average tip diam-

eters of the regular-size Premium Plus and Elevate Oral Care

were both approximately 2.50 mm, the mean weights of the

38% SDF solution they delivered were 5.60 § 1.61 mg and

4.23 § 0.69 mg, respectively (P < .001) (Table 2).

Although most of the micro-applicators’ tips featured no

observable changes after being dipped in SDF, one applicator’s

tip was blackened and discolored (Figure 2). The discolouration

of the tip could not be removed by dipping it in water.
Tip diameters of the micro-applicators

Figure 1 shows micrographs of the 8 micro-applicators. The

tip diameter of the micro-applicators ranged from

1.89 § 0.02 mm to 2.76 § 0.02 mm (Table 2). The bristles of

some of the micro-applicators were not evenly distributed.
Table 2 – Silver diamine fluoride (SDF), fluoride, and silver app
applicators.

Brand Size

Applicator’s tip
diameter (mm),
mean § SD

SDI Regular 2.76 § 0.02a
3M Regular 2.60 § 0.07b
Premium Plus* Regular 2.53 § 0.02c
Elevate Oral Care Regular 2.51 § 0.01cd
Dentsply Regular 2.48 § 0.02d
Premium Plus* Fine 2.04 § 0.01e
Elevate Oral Care Small 2.01 § 0.04e
SDI Fine 1.89 § 0.02f

Tukey's post hoc analysis: Each subscript letter denotes a subset of group

another at the .05 level (the same columnmean was named by a lowercase
Dental applicator’s tip diameter and the weight of 38% SDF
solution applied

Linear regression showed that the weight of the 38% SDF

solution applied was directly proportional to the dental

applicator’s tip diameter (R2 = 0.281). The weight of the SDF

solution, the fluoride, and the silver applied to the tooth

increased 2.767, 0.124, and 0.702, respectively, on average

with a unit increase in the dental applicator’s tip diameter. In

addition, significant variations in the SDF solution were

applied via 2 brands of micro-applicators (Elevate Oral Care

and Premium Plus) with regular-size (» 2.5 mm) tips

(R2 = 0.066).
Discussion

This study used an electronic-analytical balance to weigh the

fluoride solution and varnish because an electronic-analytical

balance is one of the most precise tools for performing meas-

urements in the analytical laboratory setting.19 Because the

level of sophistication of the electronic-analytical balance is

very high, and because it is sensitive, an error could occur

due to dust migration from a dirty environment in particular.

Thus, it is essential to performmeasurements in a clean envi-

ronment. We kept the electronic-analytical balance in a

translucent plastic cover except for when we put the material

on the balance for weighing. We also ensured that the elec-

tronic-analytical balance was clean because dust falling into

the gap between the pole pieces of the servomotor would

affect the calibration and precision of the balance. In this
lied according to the brands and sizes of the dental micro-

SDF applied
amount (mg),
mean § SD

Fluoride applied
to tooth (mg),
mean § SD

Silver applied
to tooth (mg),
mean § SD

6.60§ 1.96a 0.30§ 0.09 1.68 § 0.50

4.50§ 1.09a, b 0.20§ 0.05 1.14 § 0.28

5.60§ 1.61b, c 0.25§ 0.07 1.42 § 0.41

4.23§ 0.69 c 0.19§ 0.03 1.07 § 0.17

3.78§ 0.92c, d 0.17§ 0.04 0.96 § 0.23

3.83§ 0.57c, d 0.17§ 0.03 0.97 § 0.15

3.87§ 0.77c, d 0.17§ 0.03 0.98 § 0.19

3.00§ 1.26d 0.13§ 0.06 0.76 § 0.32

categories whose column means do not differ significantly from one

letter, such as a, b, c, d, e, or f).



Fig. 1 –Typical micrographs of the 8micro-applicators.
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study, we calibrated the electronic-analytical balance before

eachmeasurement to ensure the balance’s accuracy.

We took a photo of the micro-applicator with digital

microscopy to measure the tip diameter and to evaluate the

tip shape of the dental micro-applicator. Digital microscopy
Fig. 2 –Discolouration of the tip of a micro-applicator after d
is an efficient tool for inspecting and analysing small objects,

such as the tip of a micro-applicator. It is also more ergo-

nomic than other microscopy is.20 In our study, digital

microscopy was used to display the image of a micro-applica-

tor on a monitor. We could therefore view the image
ipping it into 38% silver diamine fluoride (SDF) solution.
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immediately and analyse the image using software whilst

working comfortably in an upright position. Digital micros-

copy also shows high sensitivity. A comprehensive slide

imaging microscopy system is designed to accurately digitise

images and to convert them into high-quality and large

images using computer software.21 This study involved scan-

ning the images of a micro-applicator’s tip at different distan-

ces and generating a single image for measurement. The

images at different distances overlapped and possibly

affected the measurement results. However, the variations in

the observed results were not large and were monitored with

20 measurements of each group of micro-applicators.

This study involved selecting 5 brands of micro-applicators

that clinicians commonly use according to unpublished mar-

ket research. They are designed for the precise placement and

easy application of dentalmaterials, such as acid etchant, resin

adhesives, cavity liners, and bonding agents, in a limited area.

Application of SDF with microbrush alone appears more effec-

tive than with Superfloss alone in decreasing incipient approx-

imal lesion progression in permanent teeth.22 The tip fibres

should be nonabsorbent and nonlinting fibres. In addition, the

fibres should be mechanically rugged material and have high

chemical resistance. The fibres should firmly attach to the han-

dle, and their density within the tip should be evenly and uni-

formly displaced. This study found that SDF did not discolour

most of the applicators’ tips. Nylon is a common material for

tip fibres, and it is chemically compatible with silver ions.

However, SDF did stain one micro-applicator tip brand. SDF

contains silver, which might have reacted with the chemical

substances in the tip’s fibres to form a silver compound, thus

discolouring the applicator’s tip. Therefore, not all micro-appli-

cators are suitable for topical application. Clinicians should

choose the appropriate application for SDF therapy.

Manufacturers have generally produced regular-size

micro-applicators with tip diameters of 2.5 mm. In this study,

3 companies produced small/fine micro-applicators with tip

diameters of approximately 2 mm. One trained researcher

performed fluoride applications in this laboratory study to

reduce variations and to minimise errors in the operation pro-

cess. Through the study, we found that micro-applicators of

the same brand and of different brands with similar tip sizes

picked up considerably different amounts of the SDF solution.

The results of this study also found variations in the fibre

density of the micro-applicator tips of the same brand and

also of different brands with similar tip sizes. Apart from the

fibre density, an ideal applicator should use nonabsorbent,

nonlinting fibres comprising a chemically resistant material.

The tips should suspend solution without spilling or dripping.

The amount of SDF applied would be more precise if the man-

ufacturers could standardise the tip size and improve the

quality of the tip fibres of the micro-applicator. In this study,

not all manufacturers provided information on the tip size

and the materials used. Studies showed that significant varia-

tions exist between the claimed and measured fluoride con-

centrations amongst the commercially available 38% SDF

products.23,24 Therefore, the quality of the SDF products

would affect the estimated amount of fluoride and silver

applied in this study.

Because 5% sodium fluoride varnish contains 22,600 ppm

fluoride and 38% SDF contains 44,800 ppm fluoride, the higher
fluoride concentration of SDF may generate a higher risk of

dental fluorosis. Some dentists may intuitively consider a

topical application of 5% NaF varnish to be preferred when

compared with the 38% SDF solution, particularly for young

children. This study showed that the fluoride applied per top-

ical application of 5% NaF varnish was almost 50% more than

that of the 38% SDF solution. The micro-applicator picked up

a larger amount of 5% NaF varnish because it was viscous

and gelatinous. Studies found that the small amount of 38%

SDF was below the US Environmental Protection Agency oral

reference dose.25,26 Although silver can accumulate in the

human body over a lifetime, the occasional use of 38% SDF in

a minute amount poses little toxicity risk even to young chil-

dren. In this study, we assumed that a 38% SDF solution con-

tains 253,900 ppm silver and 44,800 ppm fluoride ions.

However, studies found variations of silver and fluoride ion

concentration that would affect the actual amount of silver

and fluoride applied to the tooth.24,26,27

Dental fluorosis is a subsurface enamel hypomineralisa-

tion result from a chronic and cumulative intake of excessive

fluoride. The risk of dental fluorosis is also extremely low

after an one-off topical application of 38% SDF solution. A

review concluded that 38% SDF was clinically safe and had a

lower absorption rate when the “rinse and spit” procedure

was used.28 The potential toxic dose for fluoride is 5 mg/kg.2

The probable toxic dose for a child weighing 20 kg is approxi-

mately 100 mg. This study found that 0.25 mg of fluoride is

applied to a tooth per topical application of 38% SDF solution.

It is still within the safety limit for a young child to receive

400 applications of the 38% SDF solution. In other words, den-

tists may apply 20 applications of 38% SDF to each of the 20

primary teeth in a young child with a low risk of fluoride tox-

icity. It is notheworthy that 0.49 mg of fluoride is applied to a

tooth per topical application of 5% NaF varnish. This amout is

approximate double that of a topical SDF application. Hence,

it is incorrect to choose NaF varnish over SDF solution when a

dentist wants to minimise fluoride exposure in topical fluo-

ride therapy in patients.

The use of NaF varnish is generally considered to be the

standard of care of caries for topical fluoride therapy.2 Studies

showed that NaF varnish can reduce caries incidence and

remineralise early enamel caries, and SDF can prevent and

arrest caries. Although 38% SDF contains a higher fluoride

concentration than 5% NaF varnish does, this study showed

that an SDF application delivered less flouride per application

than NaF varnish did. SDF therapy delivered less fluoride per

application than NaF did, and it is more effective than NaF is

in caries management. Therefore, it is necessary to consider

whether the use of NaF varnish should be the standard of

care for caries management.
Conclusions

The fluoride of the 38% SDF solution delivered topically

was significantly less than that of 5% NaF varnish. The

risk of fluoride toxicity for a 38% SDF application is low

even for young children. The brand and size of the micro-

applicator determined the amount of the SDF solution

applied to a tooth. Not all micro-applicators are
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compatible with SDF, and clinicians should choose suit-

able micro-applicators for topical SDF therapy.
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