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SUMMARY Previous in vitro permeability and scanning

electron microscopic studies have demonstrated the

effectiveness of a new natural based-resin varnish

(Shellac F) in dentin permeability reduction and

effective tubule occlusion. The aim of this random-

ized double-blind, controlled, split mouth 8-week

clinical study was to evaluate the efficiency of Shellac

F in reducing dentin hypersensitivity. Ten patients

(eight women: two men) completed the study.

A quadrant including at least one hypersensitive

tooth (Visual Analog Scale – VAS = 15 mm to air

blast) was considered as a unit and randomly

assigned to different groups for Shellac F, Duraphat�,

Isodan�. Three applications of each material were

completed at days 0, 1 and 7. The subjective response

was assessed by tactile and thermal ⁄ evaporative

methods. Data were collected at baseline and after

the first application, at 15 min, 1, 7, 14, 28 and 56 days.

Analysis was based on Kruskall–Wallis test, Wilcoxon

signed rank test and the method of the least square

means. No statistically significant difference was

noted between Shellac F and the two control mate-

rials. Regardless of the type of stimulus, Shellac F

showed significant immediate and progressive

continuous efficiency in reducing dentin hypersensi-

tivity until 56 days (VAS of 14 � 12 mm and provok-

ing pain force of 89 � 12 cN, respectively, compared

with 38 � 23 mm and 41 � 10 cN at baseline),

corresponding to a highly effective relief dentin

hypersensitivity. Shellac F reduced dentin hypersen-

sitivity and did not differ from the two desensitizing

agents used as controls.
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Introduction

Dentin hypersensitivity (DH) is characterized by a

short, sharp pain arising from exposed dentin in

response to stimuli, typically thermal, evaporative,

tactile, osmotic or chemical, which cannot be ascribed

to any other dental defect or disease (1–4). This

discomfort is a common finding in adult populations

(5). The prevalence of cervical DH varies depending on

the studied populations and methods used (6). The

increase of longevity of dentition through periodontal

therapy and plaque control procedures may increase

the incidence of dentin hypersensitivity. The ultimate

goal in the treatment of DH is the immediate and the

permanent pain relief (5). Some recent reviews on the

management of DH provided sufficient information on

the efficiency of the therapeutic products used (7–9).

Currently, there are two main approaches for the

treatment of DH, namely tubular occlusion and block-

ing nerve activity through the inhibition of direct ionic

diffusion (10).

Depending on the perceived severity of the condition

and the number of teeth involved, active management

of DH can be performed separately or in combination

using over-the-counter (OTC) and in-office therapies.

OTC desensitizing agents such as a desensitizing den-

tifrice, used by patients, generally are simple to

administer. Dental professionals can deliver a wider

range of more complex and more potent desensitizing

treatment. Numerous agents have been tested in vitro
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and in clinical studies and showed their DH relief

effects, including fluoride, potassium nitrate, oxalate

and calcium phosphates (11). Fluorides such as sodium

fluoride and stannous fluoride can reduce dentin

sensitivity (12). Fluorides decrease the permeability of

dentin in vitro (13), possibly by precipitation of insol-

uble calcium fluoride within the tubules (11). Fluoride

varnishes are recognized by the Federal Drug Admin-

istration as a device to be used as a desensitizing agent

and a cavity lining varnish (14, 15).

Shellac F is an experimental fluoride varnish, which

was fabricated in 1997 by the Faculty of Odonto-

Stomatology, University of Medicine and Pharmacy of

Ho Chi Minh City, in a project of Ministry of Health of

Viet Nam. It is composed of 5% NaF in shellac,

a natural polymer secreted by an insect named Laccifer

lacca kerr, which lives on some specific trees in South

East Asian countries such as China, India, Thailand and

Viet Nam. This resin has been largely used in the

traditional procedure of tooth lac, a popular custom of

many Pacific countries in previous centuries. A protec-

tive effect for the dentition including dentin hypersen-

sitivity management has been reported throughout the

period of use. This observation has been also verified by

some clinical studies in the past few decades. Recently,

the adequate cellular compatibility and the efficiency of

Shellac F at reducing human dentin hydraulic conduc-

tance have been demonstrated in an in vitro study (16).

These results have supported the potential of a clinical

application of Shellac F as a desensitizing agent. The

objective of this clinical study was to evaluate the

efficiency of the Shellac F in reducing DH in human

dentition.

Materials and Methods

This double-blind, controlled, split-mouth designed

clinical study was conducted to evaluate the desensi-

tizing efficiency of a new fluoride varnish, Shellac F* in

subjects with cervical DH. Two other commercially

available products: a fluoride varnish: Duraphat�† and

a fluoride containing desensitizing agent: Isodan�‡

were used as controls (Table 1). For ethical reasons,

we did not include a placebo group in the study.

The experimental design followed the Guidelines for

the design and conduct of clinical studies on dentin

hypersensitivity of Holland et al. (4). Subjects were

recruited from patients presenting cervical erosion

lesions who came to the Consultation Unit of the

Faculty of Odonto-Stomatology, University of Medicine

and Pharmacy, HCM City, Viet Nam. The inclusion and

exclusion criteria are showed in Table 2. A differential

diagnosis between DH, root dentin sensitivity and

pulpal pathology was performed (17).

Patients provided signed written informed consent

prior to study enrolment. To minimize the bias, patients

Table 1. Composition of three materials used in the study

Material Components

Shellac F Sodium fluoride (5%), shellac, modified epoxy

resin, acetone, silica

Duraphat� Sodium fluoride (5%), ethanol, white bee wax

(E901), gum lac (E904), colophane, mastic,

saccharine (E954), frasberry essence

Isodan� Potassium nitrate, sodium fluoride, HEMA,

excipients

Table 2. Inclusion and exclusion criteria

Inclusion criteria

Have at least two different quadrants which have sensitive teeth

with sound exposed cervical dentin on the facial surface

showing a response of ‡15 mm on a 100-mm Visual Analog

Scale (VAS) to a 1-s evaporative stimulus.

Exclusion criteria

Exclusion criteria for subject

Current and ⁄ or previous use of professional desensitizing

treatment

Use of over-the-counter desensitizing products within the

previous 6 weeks

Long-term use anti-inflammatory, analgesic and

psychotropic drugs

Pregnancy or breast feeding

Allergies and idiosyncratic responses to product ingredients

Eating disorders

Systemic conditions that cause or predispose patients to

develop dentin hypersensitivity

(for example, chronic acid regurgitation)

Excessive dietary or environmental exposure to acids

Periodontal surgery in the preceding 3 months

Orthodontic appliance treatment within previous 3 months

Exclusion criteria for teeth

Carious and ⁄ or restored tooth

Tooth relates with any kind of prothese

Teeth or supporting structures with any other

painful pathology or defects

*Faculty of Odonto-Stomatology, University of Medicine and Phar-

macy, HCM City, Viet Nam.
†Colgate Palmolive Co. New York, NY, USA.
‡Septodont, St Maure les Fossés, France.
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were provided with identical toothbrushes, dentifrices

and oral hygiene instructions. Different quadrants of

each patient were considered as a unit and randomly

assigned to different test groups in according to this

rule:

1 Patient with two sensitive quadrants: a quadrant for

Shellac F, and the other for one of the two controls.

2 Patient with three sensitive quadrants: a quadrant for

each of the three materials.

3 Patient with four sensitive quadrants: two quadrants

for Shellac F, and two others for the two controls.

Ten subjects (eight women and two men), ranging

from 22 to 52 years of age were selected, with a total of

40 test teeth. The distribution of the materials in the

quadrants allowed a total number of 60 paired com-

parisons (Table 3). This was obtained by putting each

paired products in different quadrants of the same

patient.

One trained dentist examiner (Tran-Thi NN) was

responsible for applying the stimuli and enrolment of

the subjects into the study. A second trained examiner

(Hoang-Dao BT) was responsible for applying the

materials and a third dental examiner (Hoang-Tu H)

was in charge of collecting subjects’ responses during

the recall visits. Tactile and thermal ⁄ evaporative test

were used, respectively, to assess dentin hypersensitiv-

ity at baseline and postoperation.

The tactile threshold was first measured by using a

scratchometer calibrated in centi-Newton (0–100 cN)

(18) as it is generally accepted that tactile stimuli are

less invasive than thermal stimuli (19). The compres-

sive force was applied perpendicular to the cervical

surface of the tooth. The examiner moved the tip of the

probe across the exposed dentin surface in a systemic

manner in a horizontal direction to locate the stimu-

lated area. The indicator needle determined the applied

force, which started from 0 and increased until the

upward transition (initial positive response) was

reached. The maximal applicable force was 100 cN.

Following tactile stimulation, the subject’s response

to thermal ⁄ evaporative stimulus was assessed using a

1-s blast of cold air delivered from a dental air syringe

(40–65 p.s.i., 22 � 2 �C) applied 1 cm away from and

perpendicular to the test area. Adjacent teeth were

isolated during evaluation with cotton rolls. Each

patient was asked to indicate the pain intensity in a

100-mm VAS (Visual Analog Scale) labeled from ‘no

pain’ (0 mm) to ‘extreme pain’ (100 mm).

For both types of stimulus, the measurement was

performed in triplicate with an interval of 5 min

between stimulations. Triple measurements were made

to ensure that the pain was reproducible. The time

elapsed between each measurement was much longer

than the refractory period of sensory nerves (20). Mean

values were collected for statistical analysis. Treatment

application was initiated at three time periods (days 0, 1

and 7) for all of the three materials. The teeth were

cleaned with water spray and gently dried with air

blast. The isolation was obtained using cotton rolls

together with the aid of a high potency saliva ejector.

Shellac F was applied with a thick coat over the exposed

cervical area by an applicator tip followed by an

adequate air dry (40–65 p.s.i., 22 � 2 �C, 10 s, 1 cm-

distance). The two control materials were applied

according to the manufacturers’ instructions. Product

application was similar to that of Shellac F. The whole

process took 10 min. It was the same in all patients and

for all materials. The subjects were instructed to refrain

from brushing, flossing and eating for at least two hours

after each application to avoid removing the varnish

mechanically.

The efficiency of the treatments was assessed at six

examination periods: 15 min after the first application

(postoperative), then at days 1, 7, 14, 28 and 56,

respectively, by tactile and thermal ⁄ evaporative stim-

uli. The statistical analysis was performed in four steps

for both clinical parameters (tactile stimulus and ther-

mal ⁄ evaporative stimulus). First, to know whether the

hypersensitive teeth were homogeneously distributed

Table 3. Distribution of treated teeth according to the material

used and the resulting total paired comparisons

Material

Total no.

treated

teeth

No. paired

comparisons

Patients with two

test quadrants

Shellac F 4 9 5

Duraphat� 3

Isodan 2

Patients with three

test quadrants

Shellac F 10 21 28

Duraphat� 6

Isodan 5

Patient with four

test quadrants

Shellac F 6 10 27

Duraphat� 1

Isodan 3

Total 40 60

Each paired comparison was obtained after putting each paired

products in two different quadrants of the same patient.
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among the three groups a nonparametric Kruskall–

Wallis test was performed on the baseline values.

Second, to compare the baseline level and the 15 min

postoperative results to see whether the treatments had

immediate efficiency at reducing DH, a nonparametric

Wilcoxon signed rank test was performed. Third, to

pinpoint the differences among the three materials, a

nonparametric Kruskall–Wallis test was performed.

Finally, to evaluate the DH decrease over time,

a regression analysis, by the method of the least squares

was performed. The significance level was set at 5% for

all statistical analyses.

Results

Recruitment to DH studies based on the Holland et al. (4)

recommendations was difficult and published studies

generally report small numbers of participants per group.

In this work, 13 subjects were recruited but only 10 of

them completed the study. However, sufficient teeth

were treated to enable 60 paired comparisons between

different quadrants in the same patient (Table 3).

First, the baselines values of the three groups,

recorded before the first application at day 0, were

not statistically different according to the Kruskall–

Wallis test (Figs 1 and 2). This means that the hyper-

sensitive teeth were equally distributed in the three

groups receiving the three materials.

Second, the Wilcoxon signed rank test showed a

statistically significant difference between the baseline

and the 15 min postoperative values indicating that the

three materials had an immediate efficiency at reducing

DH. The tactile threshold significantly increased from

42 � 13 to 65 � 24 cN for Duraphat� (P < 0Æ001), from

45 � 20 to 67 � 30 cN for Isodan� (P < 0Æ001) and

from 41 � 10 to 62 � 20 cN for Shellac F (P < 0Æ001;

Fig. 1). The VAS significantly decreased from 32 � 16

to 17 � 12 mm (P < 0Æ001) for Duraphat�, from

30 � 18 to 22 � 19 mm (P < 0Æ001) for Isodan� and

from 39 � 22 to 29 � 19 mm for Shellac F (P = 0Æ001)

(Fig. 2).

Third, the Kruskall–Wallis tests did not show any

statistically significant difference among the three

materials for each period of time, neither for tactile

stimulus (Fig. 1) nor for thermal ⁄ evaporative stimulus

(Fig. 2) (ns). Fourth, the regression analysis showed a

statistically significant linear correlation between the

15 min, and 1, 7, 14, 28 and 56-day postoperative

values for each material. The recorded tactile threshold

(cN) increased linearly for Duraphat� (P = 0Æ02;

y = 0Æ53x + 63Æ5 with R2 = 0Æ8), Isodan� (P = 0Æ03;

y = 0Æ47x + 75 with R2 = 0Æ7) and Shellac F (P = 0Æ02;

y = 0Æ4x + 61Æ8 with R2 = 0Æ95; Fig. 1). This means that

sensitivity threshold to tactile stimulus increased regu-

larly for all of three materials, during 56 days after the

first material application (49 days after the whole

treatment). The recorded VAS (mm) decreased linearly

for Duraphat� (P = 0Æ02; y = )0Æ11x + 18 with

R2 = 0Æ8), Isodan� (P = 0Æ02; y = )0Æ17x + 21 with

R2 = 0Æ8) and Shellac F (P = 0Æ04; y = )0Æ14x + 24Æ8
with R2 = 0Æ6; Fig. 2). The continuous decrease in VAS

(mm) over time during 56 days confirms that the
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Fig. 1. Reduction of dentin hypersensitivity (DH) over time

(tactile threshold cN). All materials induced a significant decrease

of dentin hypersensitivity symptom showed by a statistical

increase of tactile threshold. No statistically significant difference

was found among the three materials.
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Fig. 2. Reduction of dentin hypersensitivity (DH) over time

(sensitivity to air-blasting Visual Analog Scale – VAS). All

materials induced a significant decrease of dentin hypersensitivity

symptom showed by a decrease of 100-mm VAS indicator. No

statistically significant difference was found among the three

materials.
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treatment protocol applied in this study is sufficient to

relieve pain during this period of time, for all of three

materials.

Discussion

Cervical DH is a significant clinical problem in dentistry

because it affects a large percentage of the population,

and as such there is no completely effective, conserva-

tive and permanent treatment (6). On the basis of the

hydrodynamic mechanism of Brännström (21), dentin

hypersensitivity treatments are reliant on dentin per-

meability reduction by using potential intratubular

occluding agents. Clinicians have attempted several

strategies to treat this discomfort, including topical

fluorides, which have been used for at least 60 years to

treat DH (22, 23). On the basis of previous in vitro

evidence, topical fluorides appear to create a barrier by

precipitating CaF2 at the exposed dentin and, conse-

quently, decrease DH (24). The natural resins contained

in fluorides varnishes may provide an additional barrier

effect, although this has not been experimentally tested

(6).

Shellac F is a new natural resin-based varnish

containing 5% sodium fluoride. A recent in vitro study

showed that Shellac F had a significant efficiency in

reducing dentin permeability and presented a capacity

to form a crystalline layer with dentinal tubular plugs

(16). This permeability reduction was comparable to

control materials which contain sodium fluoride and

have been investigated in other studies (25).

This study was conducted to clinically evaluate the

efficiency of Shellac F as a desensitizing agent. Dura-

phat� and Isodan� were used as positive controls. These

two materials are commercially available and contain

sodium fluoride in their composition. Duraphat� is a

yellow fluoride varnish with the base nature closely like

Shellac F (Table 1). By contrast, Isodan� is presented as

a transparent fluid gel and contains HEMA. The

treatment protocol applied in this study followed the

manufacturer’s instruction of these materials for dentin

hypersensitivity management. The efficiency of Iso-

dan� in reducing dentin permeability (78 � 5%) was

reported by Camps et al. (25) and numerous studies

advocated the clinical effects of sodium fluoride-contain

products (26, 27). In a 30-day clinical study, Corona

et al. used Duraphat� as a positive control to evaluate

the efficiency of low-level galium–aluminium–arsenide

(GaAlAs) laser. Both treatments showed similar overall

performance and provided a gradual decrease in dentin

hypersensitivity (26). Ritter et al. (28) in a 24 week

study also reported the efficiency of Duraphat�, which

was used as a positive control for testing another

fluoride varnish.

With regard to the other criteria followed in the

protocol, the split mouth study design was chosen in

this work as it is a highly effective and efficient model

for professional application of sensitivity products. The

subject acts as his own control which is very powerful

tool statistically, and the methodology of choice (29).

Fully replicated randomized blocks with several obser-

vations of each treatment in each block, as performed

here, improves the statistical analysis power (30). No

difference among the three materials was reported

here. A large sample size associated with a small

standard deviation is always desirable and increases

the power (beta risk) of a statistical analysis. The VAS

data reported here present a large standard deviation

that may raise question about the outcome of the study.

However, two specific points are in favour of the

validity of this work. The first point is the special design

of the study, which permitted us to make 60 valid

paired-comparisons with only 10 patients. The special

care taken to recruit the patients limited their number

but working on several teeth within different quadrants

on the same patient increased the number of valid

paired-comparisons and limited the unavoidable vari-

ations among patients when recording pain. The second

point is in favour of the use of VAS. This measurement

scale has already been used in dentistry. It was

compared with other scales and can be considered as

a valid tool to assess dental pain (31). In addition, the

statistical analysis of this work failed to show a

significant difference among the materials not only

when performed on the VAS data but also when using

the scratchometer values, which presented a much

lower standard deviation. As both parameters varied

accordingly and indicated a strong decrease of DH over

time, on may consider the low power of the statistical

analysis performed with the VAS values was counter-

balanced and confirmed by the high power of the

statistical analysis performed on the scratchometer data.

Pain assessment is always a perplexing challenge.

Regardless of the method and materials employed, the

evaluation of treatments for DH is not simple (26).

There is no doubt that patient’s self-report discomfort

arising from various stimuli, but the highly subjective

nature of the condition makes it extremely difficult to
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evaluate DH objectively. This is particularly true when

evaluating the efficiency of desensitizing agents in the

clinical study setting (32). Pain associated with DH is

difficult to quantify and reproduce, this explains the

large standard deviation reported here when measuring

pain with the VAS (33). It can be evaluated by stimulus

and response-based assessments (34). The stimulus-

based method involves the measurement of a pain

threshold, and the response-based method involves the

estimation of pain severity. Many types of stimuli can

cause DH, but some of these stimuli are impractical to

use in qualifying or quantifying DH in the clinical

environment (34). The tactile, evaporative and cold test

is recommended because they are physiological and

controllable (34). At least two types of stimulus should

be applied and the less invasive should be performed

first (32). In this work, we used the tactile test as

stimulus-based assessment and the thermal ⁄ evapora-

tive test as response-based assessment.

The scratchometer was used to determine the pain

threshold of patients to tactile stimulus and was applied

first. As scratching was completed prior to air blast, one

may suppose that the scratching test did not damage the

dentin surface to such an extent that it increased

sensitivity to air blast (19). A previous study showed

that the dentinal grooves made by a probe under

clinically relevant forces were between 20 and 30 lm

wide (19). The dentin area exposed by scratching was

so small compared with the dentin area exposed to air

blast that it likely did not influence the prevalence of

sensitivity to air blast (19). The scratchometer permits

obtaining a quantitative and objective assessment

because the initial pain threshold is indicated just at

the moment when the pain starts without any other

subjective interpretation.

The VAS was used to assess the subjective perception

of the patients with thermal ⁄ evaporative stimuli. The

subject response was quantified by using the VAS,

which is considered as preferable to a numerical rating

scale where the subject rates pain intensity on a 100-

mm scale comprising four distinct categories. The VAS

offers the advantage of being a continuous scale, thus

providing quantitative measurements that are readily

averaged and tested with parametric statistics (34). This

scale has been reported as reliable in the literature for

pain assessment (35, 36) and can complement the

tactile testing method which has been reported some-

what uncertain with resin-containing materials (17).

Dentin hypersensitivity was assessed recording the

response to mechanical and evaporative stimuli in

triplicate. The time elapsed between the measurements

(5 min) was much longer than the refractory period of

sensory nerves (20). In addition, the air blast was very

short (1-s) (37) and dentin may reabsorb water from

saliva, which has been shown to be maximal in

dehydrated dentin during the early time periods (38).

The results showed that Shellac F had an immediate

effect in reducing hypersensitivity and this effect

persisted throughout the study, regardless of the stim-

ulus. Hypersensitivity means for both stimuli decreased

continually throughout the study with the most signif-

icant effect observed at the end (at day 56). This effect

was similar to that of two control materials which were

previously tested (6, 25–27) and currently used in

clinical practice. These results also supported the results

of the previous in vitro study in which all of these three

materials showed a significant and gradual dentin

permeability decrease (16). A placebo group might be

helpful to determine more clearly if any of the results

obtained were due to a placebo effect and give a more

interesting interpretation of the results. However, a

relative long-term follow-up, such as the one reported

here, might allow us to record the expression of the

maximum efficiency of the ‘active’ agent, whilst min-

imizing the magnitude of the ‘placebo effects’ (4).

Dentin hypersensitivity reduction as observed in this

study is somewhat surprising, because the CaF2 precip-

itates formed on the outer dentin was expected to have

been washed away by the saliva and toothbrush

abrasion, reopening the dentinal tubules and triggering

hypersensitivity. However, it has been shown that after

topical application of 5% NaF, most of the fluoride was

released within 2 weeks, with only small amounts of

fluoride being released up to 21 weeks after treatment

(39). In this study, the data showed a significant

reduction of DH immediately after the first application

and throughout 8 weeks, regardless of the stimulus.

This result corroborates the results of other studies (27)

and suggests an application of Shellac F as a desensi-

tizing agent. The resinous material of Shellac F may act

as a barrier, preventing sodium fluoride wash out.

This work adhered to the recommendation of con-

ducting DH studies (4). Ten patients followed the

complete protocol, giving 40 teeth for the statistical

analysis. The limited sample size is commonly found in

DH clinical studies (40, 41), which requires a highly

strict protocol to evaluate such a subjective and mul-

tifactor condition in human. The unequilibration of
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gender was also present in this study because females

appear to suffer more than males due to their overall

heath care and oral hygiene awareness (42). During the

study, subject response to ‘everyday’ stimuli was also

undertaken to assess the individual’s overall sensitivity

but the statistical analyses were not engaged because of

the variety according to multi-factors as teeth, aetiol-

ogy, stimuli, individual habits and responses. Within

the limitations of this study, it was demonstrated that

Shellac F had significant effects in reducing DH with

both tactile and thermal ⁄ evaporative stimuli. This

hypersensitivity reduction appears immediately after

the first application and persisted throughout the

duration of study, until 8 weeks.
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