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Abstract Objectives The aim of this study was to survey the educational experiences,
knowledge, and attitude of dentists in Pakistan about the professional use of silver
diamine fluoride (SDF). This study also aimed to determine if SDF educational
experience at the undergraduate level can result in a more positive attitude and
increased clinical usage of SDF.
Materials and Methods This was a cross-sectional survey, conducted at multiple
dental institutes across Pakistan using a pre-validated questionnaire to assess the
knowledge, experience, and professional expertise of dentists regarding the use of SDF.
The data were entered and analyzed using the SPSS (version 23.0) data management
software by IBM.
Results The results of this study were deemed significant in terms of achievement of
the study aims. The majority of the responders, 178 (79.8%), reported online resources
to be the main source of information about SDF treatment, whereas 103 (46.1%)
responders gained information from a dental journal. A higher number of consultants
were reported to be well educated regarding SDF treatment during their residency
training as compared with demonstrators, house officers, and postgraduate trainees
(p<0.001). About 64 (28.7%) responders agreed that SDF is a better alternative
treatment for children with behavioral issues, 74 (33.2%) agreed that it is a better
treatment option for medically fragile patients, and 79 (35.4%) agreed that it can be
used as an alternative for patients with dental anxiety. It was agreed by 82 (36.8%)
responders that SDF is a good treatment option for patients who recently have received
chemotherapy radiation therapy.
Conclusion It is the need of time to put all educational efforts together to enhance
knowledge regarding the use, advantages, and potential problems of SDF.
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Introduction

Dental caries is a biofilm-mediated multifactorial dynamic
disease involving alternating cycles of demineralization and
remineralization of enamel and dentine, with a better
understanding of disease pathology, scientific evidence
shows that demineralized tissue has the potential to remi-
neralize with minimally invasive nonrestorative cavity
treatment.1 Silver diamine fluoride (SDF) is a non-invasive,
low-cost, antimicrobial solution and has remineralization
potential used to arrest caries in ambulatory attendance of
very young children, patients with special needs, or medi-
cally compromised individuals.2,3 Minimally invasive treat-
ment such as SDF can improve the access to oral health care,
improve the oral health status of not only young uncooper-
ative patients but also medically vulnerable adult patients
who are undergoing chemotherapy or on bisphosphonate
treatment, ultimately reducing the need for emergency
dental attendance.4 Silver particles are responsible for
permanent staining of enamel and dentine. Potential for
staining is significant impediment to usage of SDF.5 Recent
evidence shows that the American Dental Association (ADA)
and American Academy of Pediatric Dentistry (AAPD) rec-
ommend that 38% SDF should be used as a part of a
comprehensive full-mouth rehabilitation plan in uncooper-
ative child patient or those with special health care needs.3

Topical application of SDF without removing carious
infected dentine can result in arresting of carious lesion,
this treatment can serve as an alternative approach when
conventional treatment is not possible due to severe be-
havior issues or medical complexity, thus reducing the need
for dental care under general anesthesia with its associated
adverse effects.6,7 There is considerable evidence of suc-
cessful usage of SDF for treating an active cavitated lesion in
carious posterior primary teeth as an alternative minimally
invasive biological treatment approach.2,8 However, the
potential to discolor dental hard tissue and the need for
repeated applications are considered as barriers for clinical
usage of SDF.9 Twice a year, the application of 38% SDF
solution can result in 84.8% arrest of carious lesions accord-
ing to literature reports.3,10 SDF is suggested as a minimally
invasive treatment option for biomodification of repairable
inner carious dentine a recent study by Firouzmandi et al
shows that SDF increases microhardness and elastic modu-
lus of caries affected dentine.11

There is a scarcity of data in clinical research in the Asia
Pacific region regarding how well dental schools educate
their students about clinical techniques and indications of
SDF. Recent reports show 79.9% of U.S. pediatric dentistry
programs have started to include SDF in their curriculum
with a quarter of programs using it in clinical settings.12

There is a paucity of such evidence in the Asia Pacific region.
The rationale of this study is to survey the educational
experiences, knowledge, and attitude of dentists in Pakistan
about the professional use of SDF. In specific, we sought to
determine if SDF educational experience at the undergradu-
ate level can result in a more positive attitude and increased
clinical usage of SDF.

Materials and Methods

This cross-sectional surveywas conducted atmultiple dental
institutes across Pakistan. Approval of the studywas given by
the Ethical Review Board Foundation University College of
Dentistry. This study was conducted over a period of
6 months.

The intent of the study was to assess the knowledge,
experience, and professional expertise of pediatric dentists
regarding the use of SDF. A pilot questionnaire was distrib-
uted among 15 dentists from Academica for questionnaire
validation and reviewed by independent experts for face
validity. After comprehensive review and authentication, a
final survey comprising four sections with close-ended
questions was devised as a research tool. Section I was
related to participants’ sociodemographic data. Section II
inquired about the education of SDF in dental schools,
residency, dental journals, online resources, and continuum
of education programs. Section III addressed participants’
clinical knowledge on the use of SDF in various dental
diseases. Section IV evaluated the dentist’s attitude toward
the employment of material as a treatment modality in
various clinical scenarios such as among children with
behavioral issues, fragile patients, and bisphosphonate
medication.

The data were entered and analyzed using the SPSS
(version 23.0) data management software by IBM. The
descriptive statistics for age, gender, professional status,
and rural/urban work area were presented as frequency
and percentage. Similarly, frequency and percentage of
responses to the education regarding SDF treatment, knowl-
edge, and attitude toward SDF treatment questionnaire were
reported. The group comparison between age, gender, work-
ing area, andprofessional employment statuswas done using
the Chi-square test. The p-value of � 0.05 was considered
significant in this study.

Results

Two hundred twenty-three (n¼223) dentists participated in
the study. The majority of the dentists, i.e., 141 (63.2%)
belonged to the age group of 20 to 30 years, while the
remaining one-third were of more than 30 years of age.
There were 176 (78.9%) female dentists, whereas 47 (21.2%)
were male dentists. In terms of employment status, 85
(38.1%) were working in hospitals, 74 (33.2%) were self-
employed in their own private practice, while 64 (28.7%)
had an academic appointment. Themajority, i.e., 209 (93.7%)
dentists were working in urban settings, while 11 (4.9%)
were in rural areas. With respect to stage of professional
development, there were 46 (20.6%) consultants, 93 (41.7%)
demonstrators, 59 (26.5%) postgraduate residents and 25
(11.2%) house officers. Demographic characteristics of study
responders are summarized in ►Table 1.

►Table 2 summarizes the study responder’s educational
experience regarding SDF. In their academic training, 53
(23.8%) responders reported that little was taught regarding
SDF, while 138 (61.9%) reported that no education was
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provided about this subject. In dental school clinical settings,
38 (17.0%) responders reported that a little education re-
garding SDF was provided, while 177 (79.4%) reported no
education was provided. During the residency program, 36
(16.1%) reported that information about SDF was provided,
while 187 (83.9%) reported no provision of information.
During continuing education programs, around 72 (32.2%)

responders reported the provision of educational informa-
tion about SDF. After graduation, during continuing educa-
tion courses, 151 (67.7%) responders were not educated
about SDF while the remaining received some education as
shown in ►Table 2. The majority of the responders, 178
(79.8%) reported online resources to be the main source of
information about SDF treatment, whereas 103 (46.1%)
responders gained information from a dental journal.

Knowledge about SDF was assessed by using 6-item self-
reported questions, responses to which are summarized
in ►Table 3. The majority of the responders, 170 (76.2%)
reported that they were aware of SDF use in dentistry, 177
(79.3%) were aware of SDF use in tooth hypersensitivity
treatment, 207 (92.8%) were aware of SDF use for the
treatment of pediatric dental caries, and 153 (68.6%) were
aware of SDF use in adult dental caries. Around 65 (29.1%)
responders were aware of the advantages of SDF treatment
over traditional dental treatment, 35 (15.7%) and 85 (38.1%)
were somewhat and little aware, respectively. Regarding
potential problems associated with the use of SDF, 33
(14.8%) were not at all aware, while 59 (26.5%) were aware
of such problems.

The attitude of dentists related to the use of SDF treatment
was assessed by an 8-item self-reported questionnaire,
responses to which are summarized in ►Table 4. About 64
(28.7%) responders agreed that SDF is a better alternative
treatment for children with behavioral issues, 74 (33.2%)
agreed that it is a better treatment option for medically
fragile patients, and 79 (35.4%) agreed that it can be used as
an alternative for patients with dental anxiety. It was agreed
by 82 (36.8%) responders that SDF is a good treatment option
for patients who recently had received chemotherapy radia-
tion therapy. Similarly, 86 (38.6%) agreed that patients on
bisphosphate treatment can also receive SDF treatment and
46 (20.6%) agreed that SDF can be used in patients requiring
general anesthesia. About 34 (15.2%) responders approved
that SDF can be used in patientswithmicrostomia, while 133
(59.6%) said that SDF is a good treatment option for primary

Table 1 Demographic characteristics of study responders
(n¼223)

Characteristics Frequency (n) Percentage (%)

Age range

• 20–30 y 141 63.2

• 31–40 y 67 30.0

• 41–50 y 15 6.7

Gender

• Male 47 21.2

• Female 176 78.9

Employment status

• Self employed 74 33.2

• Hospital employed 85 38.1

• Academic
appointment

64 28.7

Area

• Rural 11 4.9

• Urban 209 93.7

Professional status

• Consultant 46 20.6

• Demonstrator 93 41.7

• PG resident 59 26.5

• House officer 25 11.2

Table 2 Responses by the dentists regarding silver diamine fluoride (SDF) educational experience (n¼223)

Responses (n%) Mean� SD

1 2 3 4 5

How well were you educated about SDF in dental school in
classroom settings?

138
(61.9)

53
(23.8)

26
(11.7)

6
(2.7)

0
(0)

1.55� 0.80

How well were you educated about SDF in dental school in a
clinical setting?

177
(79.4)

38
(17.0)

8
(3.6)

0
(0)

0
(0)

1.24� 0.51

How well were you educated about SDF in your residency? 187
(83.9)

8
(3.6)

13
(5.8)

15
(6.7)

0
(0)

1.35� 0.86

How well were you educated about SDF after graduation in
continuing education courses?

151
(67.7)

46
(20.6)

13
(5.8)

13
(5.8)

0
(0)

1.50� 0.84

How well were you educated about SDF after graduation with
dental journals/other publications?

120
(53.8)

62
(27.8)

3
(1.3)

38
(17.0)

0
(0)

1.82� 1.1

How well were you educated about SDF after graduation with
online resources?

45
(20.2)

85
(38.1)

28
(12.6

65
(29.1)

0
(0)

2.51� 1.1

Response options; 1¼not at all, 2¼ a little, 3¼ somewhat, 4¼well, 5¼ very well
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teeth treatment of patients with primary teeth not in the
esthetic zone.

It was found that a higher number of consultants were
reported to bewell educated regarding SDF treatment during
their residency training as compared with demonstrators,
house officers, and postgraduate trainees (p<0.001). Simi-
larly, a higher number of consultantswere aware of the use of
SDF treatment in dentistry practice as comparedwith dental
professionals who were at a junior level of training
(p<0.001). At the same time, consultants were more com-
monly reported to be knowing the use of SDF in the treat-
ment of dentinal hypersensitivity (p<0.001). The

consultants also seemed to have more knowledge and
awareness of how to make use of SDF in patients with
behavioral issues (p<0.001) and also the dental treatment
of patients who exhibit severe dental anxiety (p<0.001).
Consultants considered SDF a good treatment option for
patients on chemotherapy/radiation therapy (p<0.001) or
those on bisphosphonate drugs (p<0.001), compared with
demonstrators, house officers, and postgraduate trainees.
They were also aware more of the benefits of SDF treatment
over traditional therapies in patients with microstomia and
difficult access (p<0.001). They were more aware of poten-
tial problems associated with SDF treatment. Age, gender,

Table 4 Attitude of dentists regarding the use of silver diamine fluoride (SDF) treatment (n¼223)

Responses (n%) Mean� SD

1 2 3 4 5

SDF is a good treatment alternative for restorations in children
with behavioral issues

25
(11.2)

81
(36.3)

53
(23.8)

64
(28.7)

0
(0)

2.70�1.0

SDF is a good treatment alternative when patients are
medically fragile

27
(12.1)

68
(30.5)

54
(24.2)

74
(33.2)

0
(0)

2.78�1.0

SDF can be used when patients have severe dental anxiety 18
(8.1)

77
(34.5)

49
(22.0)

79
(35.4)

0
(0)

2.85�1.0

When patients are undergoing or have recently undergone
radiation therapy or chemotherapy

40
(17.9)

61
(27.4)

40
(17.9)

82
(36.8)

0
(0)

2.74�1.1

SDF can be used when a patient is on bisphosphonate
medication

27
(12.1)

69
(30.9)

41
(18.4)

86
(38.6)

0
(0)

2.83�1.1

SDF can be used when a patient needs general anesthesia
otherwise

62
(27.8)

81
(36.3)

34
(15.2)

39
(17.5)

7
(3.1)

2.32�1.1

SDF can be used in patients with microstomia and difficult
access for dental treatment

46
(20.6)

95
(42.6)

48
(21.5)

34
(15.2)

0
(0)

2.31�0.9

SDF is a good treatment option for primary teeth when the
lesion is not in the esthetic zone

21
(9.4)

41
(18.4)

28
(12.6)

72
(32.3)

61
(27.4)

3.50�1.3

Response options: 1¼ strongly disagree, 2¼disagree, 3¼neutral, 4¼ agree, 5¼ strongly agree

Table 3 Knowledge of dentists regarding silver diamine fluoride (SDF) treatment uses and potential problems (n¼ 223)

Responses (n%) Mean� SD

1 2 3 4 5

How much do you know about what SDF is used for in
dentistry?

53
(23.8)

89
(39.9)

20
(9.0)

61
(27.4)

0
(0)

2.40�1.1

How much do you know how SDF is used for treatment of
tooth hypersensitivity?

46
(20.6)

102
(45.7)

21
(9.4)

54
(24.2)

0
(0)

2.37�1.1

How SDF is used to treat dental caries in pediatric patients? 16
(7.2)

55
(24.7)

51
(22.9)

101
(45.3)

0
(0)

3.06�0.9

How SDF is used to treat dental caries in adult patients? 70
(31.4)

77
(34.5)

25
(11.2)

51
(22.9)

0
(0)

2.26�1.1

How much do you know what advantages SDF treatment has
over traditional dental treatments?

38
(17.0)

85
(38.1)

35
(15.7)

65
(29.1)

0
(0)

2.57�1.1

How much do you know what the potential problems SDF
usage are can have?

33
(14.8)

84
(37.7)

47
(21.1)

59
(26.5)

0
(0)

2.59�1.0

Response options: 1¼not at all, 2¼ a little, 3¼ somewhat, 4¼well, 5¼ very well
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and working in rural/urban settings were found to have no
significant associations with the education, knowledge, or
attitude of responders regarding SDF treatment.

Discussion

The aim of this study was to assess the knowledge, experi-
ence, and professional expertise of dentists regarding the use
of SDF. Regarding SDF educational experience, 138 (61.9%)
reported that no education was provided about this subject
in classroom settings while 177 (79.4%) reported no educa-
tion was provided in clinical settings. These percentages are
not unexpected because the Food Drug Addiction (FDA) had
recommended the use of SDF for the treatment of dentine
sensitivity in 2014. Another study conducted in a U.S. dental
school by Mario et al reported that 91% of the respondents
were not at all educated about SDF in classroom settings and
95% not in clinical settings.13

In Pakistan, the field of pediatric dentistry is new and
developing14 and second SDF is not taught in undergraduate
dental curricula approved by the Pakistan Medical Council
(PMC). Therefore, there is an urgent need to develop a
structured undergraduate pediatric dental curriculum. Dur-
ing continuing education programs, 72 (32.2%) responders
reported the provision of educational information about SDF.
This rise in SDF education is likely to increase as The
American Academy of Pediatric Dentistry (AAPD) has rec-
ommended its use.15

Despite respondents having less education regarding SDF
in undergraduate programs, most of them (76.2%) were
aware of SDF use in dentistry. This can be due to their
well-established professional development programs in
place. In our study, the majority of the respondents (92.8%)
were aware of SDF use for the treatment of pediatric dental
caries, which is well supported by the literature.16–18Around
65 (29.1%) responders were aware of the advantages of SDF
treatment over traditional dental treatment. These findings
are comparable with another study by Crystal et al.12 Re-
garding the problems associated with the use of SDF, 59
respondents (26.5%) were well aware of such problems. The
findings of one of the studies by Crystal et al supported the
fact that parents are convinced to use SDF treatment despite
associated problemswith it, but the location of the lesion is a
deciding factor. Staining on posterior teeth wasmore accept-
able (68%) than staining on anterior teeth (30%).19

The respondents agreed that SDF is a better alternative
treatment for children with behavioral issues, medically
fragile patients, patients with dental anxiety, patients on
chemotherapy radiation therapy, patients on bisphosphate
treatment, and for primary teeth. These findings are like the
studies present in the literature.6,10,20 The practice of SDF
was related to the workplace, experience, and specialty
among dentists who agreed to participate in our study.
This study supported the fact that dentists working at
universities as consultants or on academic appointments
hadmore educational knowledgeof the use of SDF, compared
with those who are self-employed; and the principal barrier
to SDFusewas a lackof knowledge.21 Thismight be due to the

gap between research and clinical practice. Mostly, dentists
working as consultants in the academic environment have
earlier and easy availability of evidence-based practice,
which gives them knowledge and safety protocol to use
new materials and procedures with much ease.22

Conclusion

Silver diamine fluoride (SDF) is not a common material used
by dentists.Many respondents had acquired their knowledge
regarding SDF through professional development such as
continuing education courses, dental journals, and online
resources. Therefore, it is the need of time to put all educa-
tional efforts together to enhance knowledge regarding the
use, advantages, and potential problems of SDF. With the
increase in the knowledge of respondents, they will have a
more positive attitude toward the application of SDF in their
practices. Increasing SDF educational efforts might therefore
result in increased utilization of this new material and
technique, especially in children.
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after explaining to them the research objective and aim,
voluntary participation, right to autonomy and confi-
dentiality, and the right to withdraw from participation
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