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CAN ARTIFICIAL INTELLIGENCE EFFECTIVELY RESPOND TO
FREQUENTLY ASKED QUESTIONS ABOUT FLUORIDE USAGE
AND EFFECTS? A QUALITATIVE STUDY ON CHATGPT

Mehmet Buldur,? Berkant Sezer?

Canakkale, Turkiye

ABSTRACT: Opjectives: The frequently asked questions about fluoride, as determined
by the American Dental Association (ADA), were asked to Generative Pre-trained
Transformer (ChatGPT) and the answers were qualitatively compared with those of the
ADA.

Methods: Questions were posed to ChatGPT on May 8th and 16th, 2023, and the
responses were recorded. The answers from the ADA webpage were also recorded. The
responses were compared for similarity in word and meaning, both within ChatGPT's
responses over a one-week interval and between ChatGPT's responses and ADA's
responses.

Results: While the responses provided by ChatGPT with a one-week interval had similar
information content, in the comparison made with the ADA, ChatGPT provided more
detailed and scientific answers. However, both shared the same central idea about
fluoride and its role in oral health.

Conclusions: The accuracy and reliability of the answers given by the applications
developed with artificial intelligence (Al) are of great importance, and it has been seen
that the answers given by ChatGPT to the questions asked about fluoride are sufficient
and reliable.

Clinical Relevance: Advancements in technology, particularly in artificial intelligence,
enable individuals to access accurate and reliable information about a topic quickly and
in appropriate ways.

Keywords: Atrtificial Intelligence; Fluoride; Health Informatics; Public Health.

INTRODUCTION

Artificial Intelligence (AI) encompasses Large Language Models (LLMs), which
replicate the capability of humans to comprehend written text. Language models are
developed using deep learning algorithms that employ massive quantities of textual
data collected from diverse sources like books, articles, and websites. Through the
analysis of patterns and connections in the input data, language models learn to
anticipate the occurrence of specific words or phrases in a particular context. The
latest addition to the category of LLMs is Chat Generative Pre-trained Transformer
(ChatGPT).! Utilizing deep learning techniques, ChatGPT has been trained on
copious amounts of data to generate responses to user inquiries that closely resemble
human-like language. This model consists of 175 billion parameters.2 Designed to
function as a dialog agent for multiple purposes, ChatGPT can provide responses on a
vast range of topics. The effectiveness of ChatGPT in challenging real-life situations
and scenarios, particularly in areas that demand high levels of complex thinking such
as medicine, remains uncertain, despite its remarkable performance in generating
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responses.” Possibly introducing a new era of models that can enhance the
representation of the amalgamation of clinical knowledge and conversation-based
interaction, ChatGPT may be the pioneer. As a simulated physician or patient,
ChatGPT's response-generating interface, driven by narratives, has the potential to
offer significant benefits. As a means of achieving personalized patient interaction
and educating consumers on health-related issues, LLMs have been under
investigation in the medical industry.*> Although demonstrating promise, these
models have not yet been entirely successful in assessing clinical knowledge by
means of question-answering tasks.%’ According to a different study, promoting
awareness and education regarding the proper utilization and concealed risks of
LLMs based on artificial intelligence in the medical field is crucial.®

Dental fluoride research has been going on for over 100 years.” For the prevention
of dental caries, both topical and systemic applications of fluoride have become
prevalent public health measures that are utilized worldwide, given their
effectiveness. Fluoride can be integrated into dental tissues formed during the
development of teeth via systemic applications such as fluoridated water, milk, salt,
tablets, drops, or lozenges. In addition, systemic fluorides can act as a fluorine
reservoir in saliva, which may offer some topical protection for teeth that have
erupted.10 Enamel demineralization can be reduced, and remineralization can be
promoted by topical fluoride applications, such as fluoride toothpaste, mouthwashes,
polishes, gels, foams, and slow-release fluoride devices. This, in turn, can inhibit
bacterial metabolism in dental plaques.11 Dentists have been utilizing topical
fluorides for a considerable amount of time now as a regular procedure to prevent
dental caries. Despite the benefits, excessive exposure to flora can have adverse
effects on teeth and overall health.!!3 Therefore, patients are confused about the
amount of fluoride that is considered safe to use. In addition, the addition of this
mineral to food, hygiene products, and water sources raises doubts. In particular, anti-
fluoridation information is widely shared on social media, misleading people about
the benefits of fluoride.'* In parallel, the denial of fluoride practices observed in
dental practices is a phenomenon likely created or reinforced by misinformation
created and disseminated on social media.'>!®

In order to prevent the spread of false information on the subject and for the public
to receive correct information on this subject, dentistry and public health institutions
provide great benefits by informing by answering the questions frequently asked by
patients. There is no research in the literature evaluating the answers of ChatGPT to
the questions frequently asked by patients about fluoride. The aim of this study is to
ask the frequently asked questions about fluoride, as determined by the American
Dental Association (ADA), to ChatGPT and to compare the content and information
level of the answers given by the application with the answers of the ADA,
qualitatively.

MATERIALS AND METHODS

A new email address was established for registering on the ChatGPT app, with the
purpose of avoiding any impact from search algorithms. The ChatGPT app was
accessed via Google's (Google Inc., California, United States of America) search
engine query entry. Prior to the question-and-answer (Q&A) session, all search
history and cookies were cleared from the computer. As part of the research, 8
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questions from the frequently asked questions section of the ADA webpage were
selected and analyzed.17 On May 8th and May 16th, 2023, the same questions were
asked uninterruptedly and in the same order within a single text message, to the
publicly available ChatGPT app, and the first answers were recorded.'® At the same
time, the answers on the ADA web page are also recorded and listed. The similarity
of the responses given to the same questions with a one-week interval, as well as the
similarity of these responses to the ADA responses in terms of word and meaning,
was also investigated by conducting a dialogue through ChatGPT in the same
manner. Ethical approval is not required as the study was conducted on publicly
available internet data.

RESULTS

The ChatGPT was used to obtain the following answer for the similarity of
questions asked with a one-week interval and the similarity of the answers provided
in terms of both meaning and word usage:

“The two texts are very similar in terms of both words and meaning. They both provide information
on what fluoride is, where it is found, and how it helps prevent tooth decay. They also both discuss how
exccessive exposure 1o fluoride can lead to dental fluorosis, a condition that can canse white spots or streaks
on teeth, and skeletal fluorosis in rare cases. Both texts also emphasize the importance of using fluoride
products as directed and supervising young children when they brush their teeth fo prevent excessive
ingestion of fluoride. The main difference between the two texts is that the second one (second Q&A
period) provides more detail on how fluoride works to strengthen tooth enamel and how it is absorbed
into the bloodstream and incorporated into developing teeth and bones. Overall, the two texts are highly
consistent in their descriptions of fluoride and its effects on dental health.”

When comparing the responses given by ChatGPT and ADA during the first Q&A
period, the answer provided by the application was as follows:

“The two texts are similar in terms of meaning as they both discuss fluoride and its role in preventing
tooth decay. They also mention the natural occurrence of fluoride in water sonrces and its addition to dental
products like toothpaste. However, the second texct (ChatGPT) provides more detail abont the chemical
nature of fluoride, how it is absorbed and incorporated into teeth and bones, and the potential risks of
exccessive ingestion. Overall, the second text is more detailed and scientific than the first, but they both
share the same central idea about fluoride and its role in oral health.”

In the first Q&A session, the answers provided by ChatGPT are listed below. The
ADA's answers are shared at the link provided on the web.

(https://www.ada.org/resources/community-initiatives/fluoride-in-water/
fluoridation-faqs)

ChatGPT's Responses to 8 Selected Questions From The Frequently Asked
Questions About Fluoride As Determined By The American Dental Association.

1.How does fluoride protect teeth? (Table 1)
2.Is water fluoridation safe? How effective is it in preventing cavities? (Table 2)

3.How can I get the benefits of fluoride and minimize the risk of fluorosis for my
child? (Table 3)

4. What are the benefits of fluoridated water? (Table 4)
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5.What are the benefits of fluoride toothpaste? (Table 5)

6.Should children use fluoride toothpaste? (Table 6)

7.What are the benefits of fluoride mouthrinse? (Table 7)

8.What are the benefits of dietary fluoride supplements? (Table 8)

Table 1. Responses to Question 1 by ChatGPT and ADA

Question 1: How does fluoride protect teeth?

ChatGPT'’s response

"Fluoride helps to protect teeth by strengthening the enamel, which is the hard, outer
layer of the teeth that protects the more vulnerable inner layers.When fluoride is present
in the mouth, it reacts with the calcium and phosphate ions in the saliva to form a
protective layer on the teeth. This layer is called fluorapatite, and it makes the enamel
more resistant to acid attacks from the bacteria that live in dental plaque. Acid attacks
occur when the bacteria in dental plaque break down sugars and produce acid. This acid
can erode the enamel, leading to tooth decay. However, if the enamel has been
strengthened by fluoride, it is better able to withstand these acid attacks.

In addition to strengthening the enamel, fluoride can also help to repair early stages of
tooth decay by remineralizing the damaged enamel. This means that fluoride can actually
reverse eatly stages of tooth decay, before a cavity has formed. Overall, fluoride is an
important tool in preventing tooth decay and promoting good dental health."

ADA Information

"Fluoride benefits both children and adults. Here's how:

Before teeth break through the gums (erupt), the fluoride taken in from foods,
beverages and dietary supplements makes tooth enamel (the hard surface of the tooth)
stronger, making it easier to resist tooth decay. This provides what is called a "systemic"
benefit.

After teeth erupt, fluoride helps rebuild (remineralize) weakened tooth enamel and
reverses early signs of tooth decay. When you brush your teeth with fluoride toothpaste,
or use other fluoride dental products, the fluoride is applied to the surface of your teeth.
This provides what is called a "topical" benefit.

In addition, the fluoride you take in from foods and beverages continues to provide a
topical benefit because it becomes part of your saliva, constantly bathing the teeth with
tiny amounts of fluoride that help rebuild weakened tooth enamel."
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Table 2. Responses to Question 2 by ChatGPT and ADA

Question 2: Is water fluoridation safe?; How effective is it in preventing cavities?

ChatGPT’s response

"Water fluoridation is considered safe and effective when fluoride levels are maintained
within the recommended range. The optimal level of fluoride in drinking water is 0.7 to
1.2 parts per million (ppm), which has been shown to be effective in reducing the
incidence of tooth decay by 20-40%.

Numerous studies have shown that water fluoridation is a safe and effective way to
improve dental health. The CDC considers water fluoridation to be one of the top 10
public health achievements of the 20th century.

However, like any public health intervention, water fluoridation is not without
controversy. Some people have raised concerns about the safety and ethics of water
fluoridation. However, these concerns have largely been debunked by scientific research
and expert panels.

The benefits of water fluoridation are well-established. According to the CDC,
fluoridation of water supplies has been shown to:

* reduce tooth decay by 25% in children and adults
* save money by reducing the need for costly dental treatments
* benefit people of all ages, races, and socioeconomic backgrounds

Overall, water fluoridation is considered a safe and effective way to prevent tooth decay
and improve dental health, provided that fluoride levels are maintained within the
recommended range."

ADA Information
"Water fluoridation is safe, effective and healthy. Seventy years of research, thousands

of studies and the experience of more than 210 million Americans tell us that water
fluoridation is effective in preventing cavities and is safe for children and adults."
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Table 3. Responses to Question 3 by ChatGPT and ADA

Question 3: How can | get the benefits of fluoride and minimize the risk of fluorosis for my child?

ChatGPT'’s response

"Getting the benefits of fluoride while minimizing the risk of fluorosis for your child
involves finding the right balance of fluoride intake. Here are some tips to help you
achieve this:

1. Use fluoride toothpaste in the right amount: Use a pea-sized amount of fluoride
toothpaste for children under six years old, and a slightly larger amount for children aged
06-12 years. This will help ensure that they are getting enough fluoride to protect their
teeth from decay, while minimizing the risk of fluorosis.

2. Avoid swallowing toothpaste: Teach your child to spit out the toothpaste after
brushing, and supervise them to ensure that they do not swallow any of it.

3. Limit other sources of fluoride: Be aware of other sources of fluoride that your child
may be exposed to, such as fluoride supplements or certain foods and beverages. Speak
to your child's dentist about the appropriate level of fluoride intake for your child, based
on their age and risk of developing fluorosis.

4. Use optimally fluoridated water: If your community water supply is fluoridated,
encourage your child to drink tap water to benefit from the fluoride. If your water supply
is not fluoridated, consider using fluoridated bottled water for drinking and cooking,

5. Consider dental sealants: Dental sealants are a protective coating that can be applied
to the chewing surfaces of back teeth to prevent tooth decay. This can help reduce the
need for fluoride treatments, which can increase the risk of fluorosis.

Overall, the key is to find the right balance of fluoride intake to benefit your child's
dental health while minimizing the risk of fluorosis. Working with your child's dentist and
following their recommendations can help you achieve this balance."

ADA Information
"Getting the right amount of fluoride is best-not too much and not too little. Your

dentist, pediatrician or family physician can help you determine the proper amount of
fluoride for your child."
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Table 4. Responses to Question 4 by ChatGPT and ADA

Question 4: What are the benefits of fluoridated water?

ChatGPT'’s response

"Fluoridated water has several benefits for dental health, including:

1. Prevention of tooth decay: Fluoride helps to strengthen tooth enamel and make it
more resistant to decay. Drinking fluoridated water can reduce the incidence of tooth
decay in both children and adults.

2. Cost-effectiveness: Water fluoridation is a cost-effective way to prevent tooth decay.
It is estimated that every $1 spent on water fluoridation saves $38 in dental treatment
costs.

3. Equitable distribution: Water fluoridation provides a community-wide benefit to all
residents, regardless of age, income, or access to dental care. It is a simple and effective
way to improve oral health equity.

4. Safety: Water fluoridation has been extensively studied and is considered safe and

effective in preventing tooth decay. It is endorsed by major public health organizations,
including the WHO, ADA, and the CDC.

5. Lifetime benefits: Drinking fluoridated water during childhood can lead to a lifetime
of improved oral health. The benefits of water fluoridation are long-lasting and can help
prevent tooth decay and other oral health problems throughout a person's life.

Overall, fluoridated water is a safe and effective way to improve dental health and
prevent tooth decay in the community."

ADA Information

"Fluoridated water helps prevent tooth decay in children and adults. Studies prove
water fluoridation continues to be effective in reducing tooth decay by at least 25% in
children and adults, even in the of era widespread availability of fluoride from other
sources, such as fluoride toothpaste. Simply by drinking water, people can benefit from
fluoridation's cavity protection whether they are at home, work or school.

Because of its role in the prevention of tooth decay, the CDC has proclaimed
community water fluoridation as one of ten great public health achievements of the 20th
century."
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Table 5. Responses to Question 5 by ChatGPT and ADA

Question 5: What are the benefits of fluoride toothpaste?

ChatGPT'’s response

"Fluoride toothpaste has several benefits for dental health, including:

1.Prevention of tooth decay: Fluoride helps to strengthen tooth enamel and make it
more resistant to decay. Brushing with fluoride toothpaste can reduce the incidence of
tooth decay in both children and adults.

2.Reversal of early tooth decay: Fluoride can also help to reverse early stages of tooth
decay, known as "white spots," by remineralizing the enamel.

3.Reduced sensitivity: Fluoride can help to reduce tooth sensitivity by strengthening the
enamel and blocking the tiny tubules in the dentin that transmit sensations to the nerve.

4.Cost-effectiveness: Using fluoride toothpaste is a cost-effective way to prevent tooth
decay and reduce the need for costly dental treatments.

5.Easy to use: Fluoride toothpaste is widely available and easy to use. It can be
incorporated into daily oral hygiene routines without any additional effort or expense.

Overall, fluoride toothpaste is a safe and effective way to improve dental health and
prevent tooth decay. Brushing with fluoride toothpaste twice a day, in combination with
other oral hygiene practices such as flossing and regular dental check-ups, can help to
maintain healthy teeth and gums throughout a person's life."

ADA Information

"All toothpaste helps remove plaque, a film of bacteria that forms on teeth and gums
every day. Plaque can cause gum disease and tooth decay. In addition to helping remove
plaque, fluoride toothpaste provides an extra benefit in preventing tooth decay by making
tooth enamel stronger."
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Table 6. Responses to Question 6 by ChatGPT and ADA

Question 6: Should children use fluoride toothpaste?

ChatGPT'’s response

"Yes, children should use fluoride toothpaste. ADA recommends that children use
fluoride toothpaste as soon as their first tooth appears. For children under the age of 3,
parents should use a smear of fluoride toothpaste no larger than a grain of rice. For
children between the ages of 3 and 6, parents should use a pea-sized amount of fluoride
toothpaste.

Fluoride helps to strengthen tooth enamel and make it more resistant to decay. Using
fluoride toothpaste can reduce the incidence of tooth decay in both children and adults.
However, it's important to use the right amount of fluoride toothpaste and supervise
children when they brush their teeth to ensure they don't swallow the toothpaste.

Fluoride toothpaste is a safe and effective way to improve dental health and prevent
tooth decay in children. However, if you have concerns about fluoride intake or your
child is at a higher risk of developing fluorosis, speak to your child's dentist to determine
the best course of action for your child's oral health."

ADA Information

"For children younger than 3 years, parents and caregivers should begin brushing
children's teeth as soon as they begin to come into the mouth by using fluoride
toothpaste in an amount no more than a smear or the size of a grain of rice.

For children 3 to 6 years of age, parents and caregivers should dispense no more than
a pea-sized amount of fluoride toothpaste.

Teeth should be brushed thoroughly twice a day (morning and night) or as directed by
a dentist or physician. Children's brushing should be supervised to ensure that they use
the appropriate amount of toothpaste."
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Table 7. Responses to Question 7 by ChatGPT and ADA

Question 7: What are the benefits of fluoride mouthrinse?

ChatGPT’s response

"Fluoride mouthrinse has several benefits for dental health, including:

1.Prevention of tooth decay: Fluoride helps to strengthen tooth enamel and make it
more resistant to decay. Using fluoride mouthrinse can reduce the incidence of tooth
decay in both children and adults.

2.Reversal of early tooth decay: Fluoride can also help to reverse early stages of tooth
decay, known as "white spots," by remineralizing the enamel.

3.Reduced sensitivity: Fluoride can help to reduce tooth sensitivity by strengthening the
enamel and blocking the tiny tubules in the dentin that transmit sensations to the nerve.

4.Easy to use: Fluoride mouthrinse is widely available and easy to use. It can be
incorporated into daily oral hygiene routines without any additional effort or expense.

5.Accessible: Fluoride mouthrinse is accessible to everyone and is an affordable option
to maintain good oral health.

Overall, fluoride mouthrinse is a safe and effective way to improve dental health and
prevent tooth decay. It can be used in conjunction with other oral hygiene practices such
as brushing and flossing to maintain healthy teeth and gums. However, it's important to
follow the instructions on the label and not to swallow the mouthrinse. If you have
concerns about fluoride intake or your oral health, speak to your dentist to determine the
best coutse of action for your oral health."

ADA Information

"A mouthrinse with fluoride helps reduce tooth decay by making teeth more resistant
to decay. Unless you are advised to do so by a dentist or other health professional, the
ADA does not recommend the use of fluoride mouthrinses for children younger than six
years old. Many children younger than six have not yet fully developed their swallowing
reflex and may be more likely to swallow fluoride mouthrinse rather than spitting it out."
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Table 8. Responses to Question 8 by ChatGPT and ADA

Question 8: What are the benefits of dietary fluoride supplements?

ChatGPT'’s response

"Dietary fluoride supplements are not recommended for routine use and are only
prescribed by a dentist or healthcare provider for individuals who live in areas with low
levels of fluoride in the water and who are at high risk of tooth decay. ADA recommends
that fluoride supplements be prescribed for children who are at least 6 months old and
whose primary source of drinking water contains less than 0.3 ppm (parts per million) of
fluoride.

The benefits of dietary fluoride supplements are:

1. Prevention of tooth decay: Fluoride helps to strengthen tooth enamel and make it
more resistant to decay. Taking fluoride supplements can reduce the incidence of tooth
decay in both children and adults.

2. Reversal of eatly tooth decay: Fluoride can also help to reverse eatly stages of tooth
decay, known as "white spots," by remineralizing the enamel.

3. Reduction of dental treatment costs: Taking fluoride supplements can reduce the
need for costly dental treatments such as fillings and extractions.

However, it's important to note that taking too much fluoride can lead to dental
fluorosis, a condition that affects the appearance of teeth. Therefore, it's essential to
follow the recommended dosage and frequency of fluoride supplements prescribed by a
dentist or healthcare provider.

In summary, fluoride supplements are only recommended for individuals who live in
areas with low levels of fluoride in the water and who are at high risk of tooth decay.
When taken correctly, fluoride supplements can help to prevent tooth decay and reduce
dental treatment costs".

ADA Information

"Dietary fluoride supplements can be as effective in preventing tooth decay as water
fluoridation. With supplements, fluoride is incorporated into the tooth during its
formation making the tooth more resistant to decay. In addition, supplements provide a
topical benefit as teeth are bathed in fluoride while the lozenges or tablets are chewed.
Once the fluoride is absorbed, it will be present in the saliva which delivers fluoride to
the tooth surface to help repair the enamel.

Dietary fluoride supplements should be prescribed only for children living in areas
without optimal levels of fluoride in their community drinking water and who are at high
risk of developing cavities. Talk to your dentist, pediatrician or family physician about
your child's specific fluoride needs."
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Table 8 continued. Responses to Question 8 by ChatGPT and ADA

Question 8: What are the benefits of dietary fluoride supplements?

ADA information (continued)

Note: The ADA's dietary fluoride supplement recommendations remain unchanged in
light of the new guidelines for community water fluoridation in the U.S. released in April
2015 by the U.S. Public Health Service. The recommendation for fluoride levels in
drinking water is newly calibrated at 0.7 milligrams of fluoride per liter of water. The new
recommendation, which was supported by the ADA, does not change the ADA Council
on Scientific Affairs' systematic review and clinical recommendation for the use of
dietary fluoride supplements that was released in 2010."

DISCUSSION

The term Al which emerged in the 1950s and is increasingly used today, basically
describes the idea of producing machines that can perform tasks performed by
humans. The development of Al and machine learning, especially in the last decade,
raises questions about the future of this subject. The text outputs of Al-based natural
language models are so professional and believable that readers cannot tell if the
answers were given by humans or machines. As a result, today, it is seen that Al
technologies in every field, from politics to health, from sociology to economy, have
turned from a dream or a fantasy into a reality.19

Chatbot software, developed with Al technologies such as machine learning and
natural language processing, is an advanced application that can communicate with
people or respond to questions asked by people.” These applications, which are
designed and developed as a user interface, are used in practical applications in the
global system for mobile communications operators, banks, post offices, shipping
companies, hospitals, and many other sectors. In the healthcare industry, it is highly
demanded, especially by patients who demand access to information in a short
time.2! For this reason, although their use has become increasingly widespread today,
it is a fact that professional patient-physician relationships and communication do not
replace them. On the other hand, people's expectations from these applications are
not always based on disease.?> They can also be preferred and requested to reach
information about a product, a method, or a health professional’s information used in
the field of health. In this context, the existence of chatbot applications that respond
to people’s questions in a reliable, accurate, fast, and economical way is of great
importance in the context of the developing technological world.

Topical fluoride applications, together with community-based applications, are
approaches accepted as the gold standard in the prevention of dental caries. Topical
fluoride applied individually and professionally prevents demineralization and
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contributes to remineralization. On the other hand, systemic exposure to high doses
of fluoride, both acutely and chronically, can cause toxicity. Acute fluoride toxicity
manifests itself with a picture that can lead to death as a result of the mixing of high
amounts of fluoride into the circulatory system in a short time.?®> Chronic fluoride
toxicity is frequently seen in individuals living in areas with high levels of fluoride in
groundwater and drinking water and basically has two findings: skeletal and dental
fluorosis.’»?> Some of the largest fluoro-mineral deposits are found in China,
Mexico, Mongolia, South Africa, and Russia; this is strongly associated with areas
whose populations suffer from endemic fluoride toxicity.”® Again, although some
studies conducted in these countries aiming to evaluate the relationship between
fluoride intake and neurodevelopment show that fluoride intake has negative effects
on cognitive and neural development, the methodology of these studies is
insufficient.?” However, these studies have contributed to the strengthening of the
worldwide anti-fluoride lobby since the day they were published. It is increasingly
emphasized that fluoride taken at the appropriate dose and time by organizations and
institutions whose scientific validity has been proven worldwide does not have a
negative effect on the neural and cognitive development of the individual. The most
important methodological error of these criticized studies is that they were made with
individuals who were already exposed to excessive amounts of fluoride from nature,
and they did not evaluate the effects of many possible factors that may have an effect
on cognitive and neural development.?’ F inally, in the study of Do et al., published in
2023, in which they evaluated the effect of water fluoridation on cognitive,
emotional, and behavioral development on a population-based and longitudinal basis,
researchers clearly state the following: Exposure to fluoridated water during the first
five years of life was not associated with altered measures of child emotional and
behavioral development and executive functioning.?® All these studies have caused
individuals to be divided into two groups about fluoride around the world: those who
believe that topical fluoride applications protect from tooth decay in the light of
scientific developments and that there is no harm when applied in the appropriate
dose and time for children, and the anti-fluoride lobby. In this context, it is of great
importance that individuals are enlightened in line with scientific information about
the use of fluoride, especially in the last decade. Moreover, during our clinical
experience, we noticed that the questions of individuals on this subject have
increased in recent years.

In line with both the developments in technology and the increase in research on
fluoride, it is of great importance for individuals to reach the right information in a
short time and effectively. Although many online and offline applications developed
in this regard are helpful, the validity and reliability of each application must be
tested. ChatGPT is an application that was released towards the end of 2022, and
studies on its validity and reliability continue. To the best of our knowledge, our
study is the first in the scientific literature to evaluate ChatGPT responses to fluoride
usage and effects. Limited studies have been conducted in the field of dentistry, and
most of them are related to dental education.”?? In a study evaluating the usability
of the information produced by ChatGPT in the field of maxillofacial surgery, the
quality of patient and educational information was measured, and as a result, it was
reported that ChatGPT has significant potential in this field. On the other hand,
concerns were expressed about the reliability of using the application for training,
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and it was emphasized that such applications should be used in addition to clinical
knowledge and experience.’! In a study evaluating ChatGPT responses in total joint
arthroplasty, the authors evaluated the effectiveness of the application on frequently
asked questions, just as in our study, and expressed concerns about heterogeneity,
although they reported that the answers were sufficient.’? In parallel, in our study,
ChatGPT's answers to frequently asked questions about fluoride on the ADA website
were similar and consistent with the ADA's answers. In fact, ChatGPT's answers to
some questions are more comprehensive than ADA's answers. On the other hand, the
heterogeneity of responses will continue to exist as one of the main limitations of Al
applications. Moreover, since ChatGPT has limited knowledge of scientific
developments that occurred after September 2021, it can provide incomplete and
misleading information in response to current questions, which is another significant
limitation.

CONCLUSIONS

We believe that the findings of our study, in which the official answers to the
questions people frequently ask about fluoride were compared with the ChatGPT
answers and it was observed that the ChatGPT answers were sufficient and
comprehensive, will shed light on many studies to be done on this subject.
Developments in technology, and especially in Al, lead individuals to reach accurate
and reliable information in a short time in appropriate ways. Many Al applications
developed in this direction serve humanity, and it is clear that they will continue to do
so. The accuracy and reliability of the answers given by the applications developed
with Al are of great importance, and it has been seen that the answers given by
ChatGPT to the questions asked about fluoride are sufficient and reliable.

AUTHOR CONTRIBUTIONS DECLARATION

M.B. and B.S. designed the study; M.B. collected the data; M.B. and B.S. evaluated
the data; M.B. and B.S. drafted the manuscript, and all authors critically appraised
and revised the manuscript. All authors read and approved the final manuscript.

ETHICS APPROVAL
Ethics approval was not required for this study.

CONSENT TO PARTICIPATE
Not Applicable.

FUNDING
No funding was obtained for this study.

CONFLICT OF INTERESTS
The authors declare no competing interests.

REFERENCES
[11 Brown TB, Mann B, Ryder N, Subbiah M, Kaplan J, Dhariwal P, Neelakantan A.
Language models are few-shot learners. arXiv. doi: 10.48550/arXiv.2005.14165.
Preprint posted online on May 28, 2020.
[2] Scott K. Microsoft teams up with OpenAl to exclusively license GPT-3 language model.
The Official Microsoft Blog. 2020;22, [2022-12-19]. Available from: https://


http://www.fluorideresearch.online/epub/files/228.pdf
http://www.fluorideresearch.online/543/epub/files/133.pdf
www.fluorideresearch.online/epub/files/151.pdf
http://blogs.microsoft.com/blog/2020/09/22/microsoft-teams-up-with-openai-toexclusively-license-gpt-3-language-model/

[Now published in full after the initial publication as an Epub ahead of print on June 6, 2023 at
www.fluorideresearch.online/epub/files/228.pdf]

215 Research report Can artificial intelligence effectively respond to frequently asked questions 215
Fluoride 56(3):201-216 about fluoride usage and effects? A qualitative study on ChatGPT
July-September 2023 Buldur, Sezer

(3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

(14]

[15]

[16]

(7]

(18]

[19]

[20]

blogs.microsoft.com/blog/2020/09/22/microsoft-teams-up-with-openai-toexclusively-
license-gpt-3-language-model/

Hutson M. Could Al help you to write your next paper?. Nature. 2022;611(7934):192-193.
doi:10.1038/d41586-022-03479-w

Das A, Selek S, Warner AR, et al. Conversational bots for psychotherapy: a study of
generative transformer models using domain-specific dialogues. Proceedings of the 21st
Workshop on Biomedical Language Processing; ACL 2022; May 26, 2022; Dublin,
Ireland. Association for Computational Linguistics; 2022. pp. 285-297.

Savery M, Abacha AB, Gayen S, Demner-Fushman D. Question-driven summarization of
answers to consumer health questions. Scientific Data. 2020;02;7(1):322. doi: 10.1038/
s$41597-020-00667-z. doi: 10.1038/s41597-020-00667- z.10.1038/s41597-020-00667-z
Gutiérrez BJ, McNeal N, Washington C, et al. Thinking about GPT-3 in-context learning
for biomedical IE? think again. arXiv. doi: 10.48550/arXiv.2203.08410.

Logé C, Ross E, Dadey DYA, et al. Q-Pain: a question answering dataset to measure
social bias in pain management. arXiv. doi: 10.48550/arXiv.2108.01764. Preprint posted
online on August 3, 2021.

Cascella M, Montomoli J, Bellini V, Bignami E. Evaluating the Feasibility of ChatGPT in
Healthcare: An Analysis of Multiple Clinical and Research Scenarios. J Med Syst.
2023;4;47(1):33. doi: 10.1007/s10916-023-01925-4.

Unde MP, Patil RU, Dastoor PP. The Untold Story of Fluoridation: Revisiting the
Changing Perspectives./Indian J Occup Environ Med. 2018;22(3):121-127. doi:10.4103/
ijoem.lJOEM_124_18

Rodin-Grget K, Pero6 K, Sutej |, Basié K. The cariostatic mechanisms of fluoride.Acta
Med Acad. 2013;42(2):179-188. doi:10.5644/ama2006-124.85

Buzalaf MAR, Pessan JP, Hondrio HM, Ten Cate JM. Mechanisms of action of fluoride
for caries control.Monogr Oral Sci. 2011;22:97-114. doi:10.1159/000325151

Centers for Disease Control and Prevention. Fluorosis. Available from: https:/
www.cdc.gov/fluoridation/faqgs/ dental_fluorosis/index.htm. Accessed October 11, 2018.
American Dental Association. Fluorosis. Dental Fluorosis. Available from: http://
www.mouthhealthy.org/en/aztopics/f/fluorosis. Accessed October 11, 2018.

Mertz A, Allukian M. Community water fluoridation on the Internet and social media.J
Mass Dent Soc. 2014;63(2):32-36.

Eliacik BK. Topical Fluoride Applications Related Posts Analysis on Twitter Using
Natural Language Processing.Oral Health Prev Dent. 2021;19(1):457-464. doi:10.3290/
j-ohpd.b2048359

Lotto M, S- Menezes T, Zakir Hussain |, et al. Characterization of False or Misleading
Fluoride Content on Instagram: Infodemiology Study.J Med Internet Res.
2022;24(5):e37519. Published 2022 May 19. doi:10.2196/37519

American Dental Association. Fluoridation FAQs. Accessed April 11, 2023. Available
from: https://www.ada.org/resources/community-initiatives/fluoride-in-water/fluoridation-
faqgs

Accessed April 11, 2023. Available from:https://chat.openai.com/chat

Schwendicke F, Samek W, Krois J. Artificial Intelligence in Dentistry: Chances and
Challenges.J Dent Res. 2020;99(7):769-774. doi:10.1177/0022034520915714

Singh R, Paste M, Shinde N, Patel H, & Mishra N. Chatbot using Tensor Flow for small
Businesses. In: 2018 Second International Conference on Inventive Communication and


http://www.fluorideresearch.online/epub/files/228.pdf
http://www.fluorideresearch.online/543/epub/files/133.pdf
www.fluorideresearch.online/epub/files/151.pdf
http://blogs.microsoft.com/blog/2020/09/22/microsoft-teams-up-with-openai-toexclusively-license-gpt-3-language-model/
http://blogs.microsoft.com/blog/2020/09/22/microsoft-teams-up-with-openai-toexclusively-license-gpt-3-language-model/
http://www.cdc.gov/fluoridation/faqs/ dental_fluorosis/index.htm
http://www.cdc.gov/fluoridation/faqs/ dental_fluorosis/index.htm
http://www.mouthhealthy.org/en/aztopics/f/fluorosis
http://www.mouthhealthy.org/en/aztopics/f/fluorosis

http://www.ada.org/resources/community-initiatives/fluoride-in-water/fluoridation-faqs 

http://www.ada.org/resources/community-initiatives/fluoride-in-water/fluoridation-faqs 
http://chat.openai.com/chat

216

(21]

(22]

(23]

(24]

(25]

[Now published in full after the initial publication as an Epub ahead of print on June 6, 2023 at
www.fluorideresearch.online/epub/files/228.pdf]

Research report Can artificial intelligence effectively respond to frequently asked questions 216
Fluoride 56(3):201-216 about fluoride usage and effects? A qualitative study on ChatGPT
July-September 2023 Buldur, Sezer

Computational Technologies (ICICCT) (pp. 1614-1619). |EEE. doi: 10.1109/
ICICCT.2018.8472998.

Mittal M, Battineni G, Singh D, Nagarwal T, Yadav P. Web-based chatbot for Frequently
Asked Queries (FAQ) in Hospitals.J Taibah Univ Med Sci. 2021;16(5):740-746.
Published 2021 Jul 4. doi:10.1016/j.jtumed.2021.06.002

Palanica A, Flaschner P, Thommandram A, Li M, Fossat Y. Physicians' Perceptions of
Chatbots in Health Care: Cross-Sectional Web-Based Survey.J Med Internet Res.
2019;21(4):e12887. Published 2019 Apr 5. doi:10.2196/12887

Ullah R, Zafar MS, Shahani N. Potential fluoride toxicity from oral medicaments: A
review.lran J Basic Med Sci. 2017;20(8):841-848. doi:10.22038/IJBMS.2017.9104
Amadeu de Oliveira F, MacVinish LJ, Amin S, et al. The effect of fluoride on the
structure, function, and proteome of intestinal epithelia.Environ Toxicol. 2018;33(1):63-
71. doi:10.1002/tox.22495.

Melo CGS, Perles JVCM, Zanoni JN, et al. Enteric innervation combined with
proteomics for the evaluation of the effects of chronic fluoride exposure on the
duodenum of rats.Sci Rep. 2017;7(1):1070. Published 2017 Apr 21. doi:10.1038/
s$41598-017-01090-y

[26] Gupta AK, Ayoob S (2016) Fluoride in drinking water: status, issues, and solutions.

Florida, Boca Raton

[27] Johnston NR, Strobel SA. Principles of fluoride toxicity and the cellular response: a

(28]

review.Arch Toxicol. 2020;94(4):1051-1069. doi:10.1007/s00204-020-02687-5

Do LG, Spencer AJ, Sawyer A, et al. Early Childhood Exposures to Fluorides and Child
Behavioral Development and Executive Function: A Population-Based Longitudinal
Study.J Dent Res. 2023;102(1):28-36. doi:10.1177/00220345221119431

[29] Thurzo, A.; Strunga, M.; Urban, R.; Surovkov-, J.; Afrashtehfar, K.I. Impact of Artificial

Intelligence on Dental Education: A Review and Guide for Curriculum Update.Educ.
Sci.2023,13, 150. Available from: https://doi.org/10.3390/educsci13020150

[30] ALI, K.; Barhom, N.; Marino, F.T.; Duggal, M. The Thrills and Chills of ChatGPT:

[31]

[32]

Implications for Assessments in Undergraduate Dental Education.Preprints.org2023,
2023020513. Available from: https://doi.org/10.20944/preprints202302.0513.v1.

Balel Y. Can ChatGPT be used in oral and maxillofacial surgery? [published online
ahead of print, 2023 Apr 13].J Stomatol Oral Maxillofac Surg. 2023;101471. doi:10.1016/
jjormas.2023.101471

Dubin JA, Bains SS, Chen Z, et al. Using A Google Web Search Analysis to Assess the
Utility of ChatGPT in Total Joint Arthroplasty [published online ahead of print, 2023 Apr
9].J Arthroplasty. 2023;S0883-5403(23)00352-2. doi:10.1016/j.arth.2023.04.007

Copyright © 2023, ISFR, www.fluorideresearch.online, Dunedin, New Zealand


http://www.fluorideresearch.online/epub/files/228.pdf
http://fluorideresearch.online
http://www.fluorideresearch.online
http://www.fluorideresearch.online/543/epub/files/133.pdf
www.fluorideresearch.online/epub/files/151.pdf

http://doi.org/10.3390/educsci13020150

http://doi.org/10.20944/preprints202302.0513.v1

	ABSTRACT: Objectives: The frequently asked questions about fluoride, as determined by the American Dental Association (ADA), were asked to Generative Pre-trained Transformer (ChatGPT) and the answers were qualitatively compared with those of the ADA.
	Methods: Questions were posed to ChatGPT on May 8th and 16th, 2023, and the responses were recorded. The answers from the ADA webpage were also recorded. The responses were compared for similarity in word and meaning, both within ChatGPT's re...
	Results: While the responses provided by ChatGPT with a one-week interval had similar information content, in the comparison made with the ADA, ChatGPT provided more detailed and scientific answers. However, both shared the same central idea ...
	Conclusions: The accuracy and reliability of the answers given by the applications developed with artificial intelligence (AI) are of great importance, and it has been seen that the answers given by ChatGPT to the questions asked about fluori...
	Clinical Relevance: Advancements in technology, particularly in artificial intelligence, enable individuals to access accurate and reliable information about a topic quickly and in appropriate ways.


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


