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ABSTRACT

Practitioner Knowledge of Dental Adhesive Manufacturer’s Instructions for Use: A
Survey-Based Study.

Michael Carey DeFazio, DDS, 2023

Thesis directed by:  Dr. Richard Adcook

Chairman, Operative Dentistry Department

Naval Post Graduate Dental School

Introduction: The use of dental adhesives is highly technique sensitive. To

achieve the best bonding result, manufacturers provide instructions for use (IFU)
specifically written for each product they sell. Since dental adhesives are used by dentists
in their daily practice, they should be familiar with the IFU. Objective: The purpose of
this study was to evaluate dentists’ knowledge of the IFU for the dental adhesive they
utilize most frequently in their practice. Methods: This was a survey-based cross-sectional
study in which 975 dentists in military dental treatment facilities were eligible to
participate. The survey included commonly used dental adhesives: OptiBond™ FL (Kerr),
OptiBond™ Solo Plus (Kerr), CLEARFIL™ SE Bond 2 (Kuraray), Adhese® Universal
(Ivoclar Vivadent), and Scotchbond™ Universal (3M). Questions surveyed dental adhesive
usage and adherence to manufacturer IFU. Dentists’ answers were compared to IFU and
evaluated for accuracy. Responses were grouped by adhesive type, postgraduate education
level of the dentist, and whether the dentist’s military dental treatment facility had
conducted an Operative Dentistry Calibration Seminar (ODCS) within the past year. Mean

and standard deviations were determined for percent correct per group. Data were analyzed
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with a one-way ANOVA followed by pairwise comparisons using Tukey’s method.
Results: Survey response rate was 17 % (n=164). Significant differences in the percent of
acceptable responses were identified between OptiBond™ FL vs. both OptiBond™ Solo
Plus (P < .005) and Scotchbond™ Universal (P < .003). Dentists that had attended an
ODCS answered a greater proportion of questions correctly compared to those that had not
(P <.05). There was no difference between dentists with and without postgraduate dental
education. Conclusions: Dentists, on average, were more likely to answer IFU guidelines
correctly for dental adhesives with fewer steps. ODCS attendance significantly improves

adherence to IFU.
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CHAPTER 1: Introduction

Composite resin restorations are described as “technique sensitive” due the
increased number of steps when compared to dental amalgam, and the necessity to
complete each step properly. Since Buonocore introduced acid etching of tooth structure
in 1955, the importance of dentin and enamel bonding has increased dramatically.
Patients’ desires for more esthetic restorations and potential toxicity and environmental
concerns of mercury in dental amalgam have driven a change in modern restorative
dentistry.! Despite the increased longevity, decreased cost, and lower technique
sensitivity of posterior dental amalgam restorations, composite resin has progressively
become the restorative material of choice for many providers.> > However, the increased
technique sensitivity of composite resin and its associated adhesive bonding agents
requires a high level of both knowledge and adherence to protocol when placing
restorations.

Dental adhesives serve as means to bond the hydrophilic tooth structure (both
enamel and dentin) to the hydrophobic composite resin material. Adhesive systems
consist of three components: etchant, primer, and bonding resin.* The etchant is an acid
that serves to modify the surface of the enamel and dentin. This surface modification
increases the permeability of resins and removes the smear layer in etch and rinse
systems.> ¢ Hydrophilic primers penetrate the etched surface of the enamel and dentin,
which then allows the hydrophobic adhesive resin to follow the primer. This results in a
micromechanical bond in enamel by forming resin tags that interlock with the enamel
prisms.” The micromechanical bond in dentin is formed when the primer and adhesive

penetrate the exposed type I collagen and dentinal tubules to form the hybrid layer and
1



resin tags respectively.® ° Once the adhesive is integrated into the tooth structure and
polymerized, the exposed carbon-carbon double bonds of the adhesive resin monomers
and composite resin monomers can polymerize to form a covalent bond, thus, holding the
restoration in place.*

The earliest example of bonding to tooth structure was demonstrated by
Buonocore in 1955 when he utilized 85% phosphoric acid to etch the surface of enamel
in order in increase adhesion of resin composites, however, no bonding agents were
utilized.! Since Buonocore’s initial success with bonding, dental adhesives have evolved
in both technique and components. Prior to the 1990’s, selective acid etching of the
enamel only was the common method of tooth preparation in the United States.!? In 1979,
Fusayama first introduced the total-etch technique in which both enamel and dentin are
acid etched, and Kanca later popularized the technique in the US.'" 12 Additionally,
Kanca introduced the concept of “wet-bonding” in which the dentin is left moist prior to
the application of the primer. Wet-bonding contrasted the previous methodology of dry-
bonding in which both enamel and dentin were desiccated prior to application of the
primer. The total-etch combined with wet-bonding techniques demonstrated markedly
improved dentin bond strengths, and decreased post-operative sensitivity.> ! 13

Modern adhesive systems are categorized based on generation (first through
eighth), and the generations currently used are primarily fourth, fifth, sixth, seventh, and
eighth. Fourth generation adhesives are three step etch and rinse systems, where the
etchant, primer, and adhesive are all separate components. Due to their history of

excellent clinical performance and over twenty-five years of clinical use, fourth

generation adhesives are widely considered the gold standard of bonding agents.!*!” Sano



et al 1998 demonstrated that increased number of steps of adhesive systems may increase
the amount of error by the practitioner, especially in less experienced practitioners.'®
Additionally, three individual steps for bonding systems results in a time-consuming
protocol. Thus, the trend moving forward from fourth generation adhesives has been
toward simplification to decrease technique sensitivity as well as time required for
bonding. Fifth generation condenses the bonding sequence into two steps by combining
the hydrophilic primer and the hydrophobic adhesive into a single solution. Just as in
fourth generation adhesives, the etchant remains a separate component in the fifth
generation, so they can be both categorized as etch-and-rinse (ER) adhesive systems.’
Sixth generation adhesives also consist of two steps, but instead combine the etchant and
primer into a single solution by utilizing an acidic monomer that functions as a self-
etching primer, and it is followed by a separate adhesive resin.'” Since there is no rinsing
step to sixth generation adhesives, they fall under the self-etch (SE) category of adhesives
instead of ER. It should be noted, however, that many sixth generation adhesive systems
include an option to selectively etch the enamel with phosphoric acid, combining ER and
SE protocols. Also considered a SE, seventh generation adhesive systems continued the
trend of simplification by creating an all-in-one system, with the etchant, primer, and
adhesive in one bottle. However, due to decreased bond durability, seventh generation
adhesive systems have been mostly replaced by the more modern eighth generation
“Universal” adhesives.?” 2! Universal adhesives, also an all-in-one system, are referred as
such due to their ability to be used in either ER or SE modes, as well as their adhesion to
ceramics and zirconia via silane and 10-methacryloyloxydecyl dihydrogen phosphate

(10-MDP) respectively.!” The variation in number of steps and techniques amongst the



different generations of adhesives can be confusing for practitioners and potentially lead
to incorrect use of the product.

To decrease the variability amongst dental providers, manufacturers provide
Instructions for Use (IFU) for their dental adhesives based on what they have determined
to provide the best results with their products. It is the role of the dental provider to
utilize the information provided by the manufacturer’s IFU to obtain a more predictable,
longer lasting restoration. Although the steps vary based on specific products and
generation of adhesive, the steps included in the IFU typically include conditioning of
tooth structure (acid etch), application of primer, application of adhesive, and
polymerization.

ER adhesive systems and SE adhesive systems that have selective etch and total
etch options give exact amounts of time for phosphoric acid contact time. This is to
ensure adequate etching of the enamel and dentin surfaces to achieve ideal surface
roughness of enamel, expose proper amount of collagen in dentin, and remove the smear
layer so that the adhesive can achieve micromechanical retention with the tooth structure.
Since enamel is 96% inorganic hydroxyapatite crystals, it must be etched for at least 15
seconds with 30-40% phosphoric acid to achieve adequate surface roughness.?? However,
etching for up to 60 seconds has not shown to affect the bond strength positively or
negatively.?** 2 On the contrary, dentin is only comprised of 45-50% inorganic
hydroxyapatite crystals, and within 15 seconds of 30-40% phosphoric acid etch a 5-8 um
depth of the inorganic crystals is removed.’ The exposed collagen is penetrated by the
adhesive to form the hybrid layer, but etching for too long will create a depth of collagen

that the adhesive cannot fully penetrate.®* The exposed collagen is more susceptible to



nanoleakage and hydrolysis leading to bond degradation.!® 1725 After 15 seconds of
contact, the acid etch must be thoroughly rinsed from to the tooth to remove both the
etchant and the dissolved calcium phosphates.?® Once the etchant is removed with air and
water, the tooth structure must be gently dried to achieve the proper level of moisture to
allow for adhesive infiltration. Enamel may be desiccated to confirm adequate etching via
visualizing a frosty surface.!” Dentin, however, is more technique sensitive. Over-drying
of dentin will lead to collapse of the collagen scaffold and prevent penetration of the
adhesive to form the hybrid layer.?” Conversely, pooling of water will lead to dilution of
the primer and decrease its efficacy.?* Thus, the IFU will typically recommend lightly air-
drying dentin, but not desiccating.

SE adhesives systems decrease the technique sensitivity of conditioning the tooth
structure by eliminating the rinsing and drying steps, but this increases the importance of
proper application of the self-etching primer. SE systems utilize acidic functional
monomers such as 10-MDP to simultaneously demineralize tooth structure and prime the
tooth structure for the hydrophobic adhesive.?® In the case of both ER and SE systems,
following the time recommended in the IFU for application of the primer ensures
adequate displacement of remaining moisture in the collagen scaffold, followed by gentle
air drying allows for evaporation of the solvent.!” If residual solvent is present after
polymerization, water will diffuse into this space and likely have negative effects on the
bond.®

Adequate application of the adhesive is vital to obtaining a predictable bond to
tooth structure. Rubbing the adhesive into the microporosities of the enamel and exposed

collagen scaffold of the dentin assists in infiltration of the resin.*° Vigorously rubbing the



adhesive into tooth structure has been demonstrated to increase the resin-dentin bond
strength, decrease the bond degradation rate, and improve the clinical performance of the
adhesive.’! Similarly, one-step SE systems will traditionally recommend multiple
applications to refresh the acidic monomer and obtain a deeper hybrid layer and allow for
better penetration of the adhesive.?? Once applied, air thinning is recommended to obtain
a uniform thickness of adhesive. The proper thickness may allow the bonding agent to
absorb tensile stresses from polymerization shrinkage of the restorative composite resin
while inadequate thickness of adhesive may decrease the fracture toughness of the
restorative material.*% 34

The final step of adhesive systems is polymerization. Poorly polymerized
adhesive resin results in increased resin permeability and water sorption, leading to
decreased bond durability.>® Thus, following the IFU for minimum polymerization time
will improve longevity of the bond.

Adherence to the manufacturer’s IFU has shown improvement in bond strength,
decreases post-operative sensitivity, and increased longevity of the restoration.**® Due to
the increase in composite resin restorations, a thorough knowledge and understanding of
adhesive systems is critical to restoration longevity. Within the United States Navy
(USN) Dental Corps, adherence to IFU could result in improved dental readiness and
decreased time spent in a dental chair for the warfighters. Operative Dentistry Calibration
Seminars (ODCS) are sometimes held throughout United States Navy Dental Treatment
Facilities (DTFs) to ensure that providers understand proper diagnosis and treatment
planning for dental caries. Some DTFs will use this as an opportunity to discuss other

topics in operative dentistry and provide Continuing Dental Education.



The objective of this study was to evaluate dental providers’ knowledge of the
IFU for the adhesive bonding agent they utilize most frequently in their practice. An

additional objective was to determine the influence of ODCS on adherence to I[FU.



CHAPTER 2: Materials and Methods

STUDY DESIGN

This was a survey-based study administered on a secured web-based survey
platform. The survey was designed as a decision tree format with skip logic. Questions
were primarily multiple choice, drop down, and sliding scale for numerical responses. Six
questions allowed narrative comment for the respondent to explain the answer choice
“other.”

The first section of the survey allowed the respondent to select the adhesive
system they utilize most frequently, which, utilizing the skip logic, directed them to the
second section in which they were asked between eight to twelve questions based on the
product’s IFU. The number of questions in the second section depended on the number of
steps and the various options in the specific product’s IFU. The final section of the survey
consisted of seven demographic questions including time in practice, postgraduate dental
education, and recent continuing dental education courses. The total number of questions
in the survey ranged from 17 to 21 depending on the dental adhesive product selected by
the respondent.

The adhesive systems included in the study are shown in Figure 1. Respondents
could choose between the fourth generation Optibond™ FL (Kerr), fifth generation
Optibond™ Solo Plus (Kerr), sixth generation Clearfil™ SE Bond 2 (Kuraray), eighth
generation Scotchbond™ Universal and Scotchbond™ Universal Plus (3M), eighth
generation Adhese® Universal (Ivoclar), or “other adhesive.” These products were
selected because they are commonly available adhesive systems in US Navy dental

clinics.



The survey link was made available via the Weekly Dental Update (WDU), a
newsletter disseminated to dentists affiliated with the United States Navy. Additionally,
the survey link was emailed by the United States Navy Specialty Leaders to their
respective communities. The communities that received the emailed link were Operative
Dentistry, Prosthodontics, Postgraduate Year One (PGY-1) which includes one-year
Advanced Education in General Dentistry (AEGD) and General Practice Residency

(GPR), and Comprehensive Dentistry (two-year AEGD).

DATA ANALYSIS

Responses were compared to the steps in the IFU for their accuracy, as
demonstrated by percent correct. Additionally, the percentage of clinically acceptable
responses were calculated. Categorical data was represented by counts with percentages
and Chi-square analysis was utilized for differences. Continuous Data was represented by
means with standard deviations and analyzed with ANOVA for two or greater groups

with Tukey’s method.



CHAPTER 3: Results

The profile of survey respondents is shown in Table 1. There were a total of 164
responses to the survey which equaled a 17 percent response rate. Primarily Active Duty
United States Navy dentists that responded to the survey, with some civilian dentists (i.e.,
General Scale (GS) and contractors). Nearly two-thirds of the respondents reported
completing some form of postgraduate dental education. 37 percent of respondents
reported that they had attended an ODCS within the past year.

Table 2 outlines the preferred adhesives of the respondents. More than half of the
respondents reported primarily using Scotchbond™ Universal, making it by far the most
commonly used adhesive system. Optibond™ Solo Plus was the second most common
with 26.5 percent of respondents, followed by Optibond™ FL, Clearfil™ SE Bond 2, and
Adhese® Universal with 9, 5.8, and 1.9 percent respectively. Out of 164 total survey
responses, nine respondents reported primarily using “other adhesive.” The data from
these “other adhesive” responses were not included in the analysis.

Percent of correct responses when compared to the IFU were lower for the two-
component Optibond™ FL (52.3%) and Clearfil™ SE Bond 2 (58.3%) versus the single-
component Optibond™ Solo Plus (71.7%), Scotchbond™ Universal Plus (73.5%), and
Adhese® Universal (75%). The percent of clinically acceptable responses were higher for
all adhesive systems, but they were significantly lower for Optibond™ FL (67.9%), than
both Optibond™ Solo Plus (83.9%; P < 0.005) and Scotchbond™ Universal Plus (83.6%;
P <0.003). The percent of correct responses by adhesive system are shown in Figure 2.

Additionally, ODCS attendance resulted in higher percent of acceptable responses

(P <0.05). Those who attended an ODCS within the past year answered 85.1 percent of
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acceptable responses, while those who did not attend answered 77.8 percent acceptable.
Percent of correct responses by ODCS attendance are shown in Figure 3. Postgraduate
Dental Education showed no statistically significant difference for both percent of correct

or acceptable responses.
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CHAPTER 4: Discussion

In order to mitigate complexity of the multiple steps in applying dental adhesives,
manufacturers of dental adhesives provide Instructions for Use for their products.
Correctly following the steps in the IFU has demonstrated improved bond strength,
decreased post-operative sensitivity, and increased longevity of the restoration.*® The
primary objective of this study was to evaluate provider adherence to IFU for dental
adhesives. When comparing the percent of correct survey responses between the various
adhesive systems, this study found that providers had higher adherence to IFU with single
component adhesive systems. Additionally, we found that those who attended Operative
Dentistry Calibration Seminars (ODCS) had a higher percentage of correct responses.

A similar survey was conducted by Peutzfeldt et al in 1998* and concluded that
adherence to IFU decreased as the number of steps for the adhesive system increased.
Sano et al 1998'® demonstrated that increased number of steps for adhesives led to
weaker bond strengths with inexperienced dental providers. Similarly, this study found
that single component adhesives with fewer steps led to higher provider adherence. The
single component Scotchbond™ Universal Plus is both the most used adhesive and had
the highest IFU adherence amongst USN dental providers. Due to the multiple etching
techniques available for Scotchbond™ Universal Plus, there are more correct options
available. This inherent flexibility of the adhesive system increases the likelihood that a
provider would answer the IFU step correctly. Similarly, the single component
Optibond™ Solo Plus was the second most used adhesive, and it also showed a higher
level of adherence to IFU than the two component Optibond™ FL. While both

Optibond™ Solo Plus and Optibond™ FL only allow for the ER workflow, the separate
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primer in Optibond™ FL adds two steps: applying and air drying the primer. These two
additional steps increase the complexity of the adhesive, which may have contributed to
the observed lower IFU adherence. However, despite lower adherence to IFU for
Optibond™ FL, multiple studies have demonstrated that it has better clinical performance
than simplified single component systems.?% *** Thus, the questions remains as to
whether simplified adhesive systems should be recommended due to improved [FU
adherence, despite decreased clinical performance.

Regardless of the adhesive system of choice, it is important to adhere to the IFU.
ODCS attendees, on average, answered approximately one more question correctly than
those who did not attend an ODCS. While primarily designed to calibrate providers on
diagnosis of caries and the USN Dental Classification System, the additional Continuing
Dental Education provided at ODCS may have resulted in this difference. Only 37
percent of respondents reported having attended the seminar in the last year, which
demonstrates the opportunity to improve the adherence to IFU if more people attend, and
if there is training focused on the IFUs of the adhesive systems utilized within the DTF.

For all adhesive systems, two of the commonly incorrect answers were regarding
time for application of the primer and adhesive. Inadequate application of primer and
adhesive can lead to poor hybrid layer formation? and result in inferior bond strength and
durability.'® There is no evidence at this time to demonstrate that prolonged application
time of primer and adhesive can result in decreased bond strength. Thus, the time
requirement for primer and adhesive application in the IFU can be considered a minimum
time. When allowing for “acceptable” responses, we allowed for prolonged application

time over the [FU recommendation, however anything under the time recommendation
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was considered unacceptable. Similarly, increased phosphoric etch contact time with
enamel up to 60 seconds has demonstrated no difference in bond strength versus the
recommended 15 seconds.?* Any response between 15 and 60 seconds was considered
acceptable for enamel etch time.

The 133 responses account for approximately 18 percent of all Active Duty USN
restorative dentists. While convenience bias is a potential limitation, this was an adequate
sample size to achieve statistically significant data. Additionally, since this survey was
not conducted in a controlled environment, there was the risk of participants searching for
the correct responses using personal electronic devices. Although, based on the limited
number of people that responded 100% correctly, there is minimal to no evidence that
this occurred frequently. The survey was anonymous, and thus, did not track data on the
respondents. It is possible that respondents could have taken the survey multiple times to
improve their score. To decrease the time required to complete the survey and improve
response rate, it was created in a multiple choice, dropdown, and slider scale format.
Upon reading a question, the respondent may have been prompted to answer a question
for a step that they otherwise skip in practice. Ideally, the respondents would have been
required to list the steps from memory. Finally, while previous studies have demonstrated
IFU adherence impacts restoration longevity, this study did not evaluate clinical
outcomes. Confirmatory research on IFU compliance and associate clinical outcomes is
needed.

Practicing dentists will benefit from future research including a follow-up survey

after implementing adhesive IFU training to compare IFU adherence and evaluate
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efficacy of the training. Additionally, clinical outcomes of different adhesive systems,

regardless of IFU compliance could lead to specific product recommendations for DTFs.
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CHAPTER 5: Conclusions

This study found that IFU adherence was significantly higher for the single
component Optibond™ Solo Plus and Scotchbond™ Universal Plus when compared to
the two component Optibond™ FL. IFU adherence was also affected by ODCS
attendance, with attendees answering approximately one more question correctly than
those who did not attend. Future ODCS attendance should be highly encouraged and
should incorporate continuing dental education that discusses the IFU for dental
adhesives used throughout the DTF. After implementation of the IFU training, a follow-

up survey should be conducted to determine efficacy.
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APPENDIX A

Table 1. Profile of Survey Respondents

Overall
(N=164)

Affiliation
US Navy Active Duty
GS
Contractor
Other
Postgraduate Dental Education (PDE)
Yes
No
Program Type
Comprehensive Dentistry (2-year AEGD)
AEGD
GPR
Prosthodontics
Operative Dentistry
Endodontics
Other
ODCS Attendance in Past Year
No
Unsure

Yes

133 (81.1%)
15 (9.1%)
3 (1.8%)
2 (1.2%)

107 (65.2%)
46 (28.0%)

18 (11.0%)
28 (17.1%)
24 (14.6%)
22 (13.4%)
10 (6.1%)
2 (1.2%)

4 (2.4%)

70 (42.7%)
22 (13.4%)
61 (37.2%)

17



Table 2. Adhesive System of Choice

# of survey % of respondents

questions (N=1552)
Adhese® Universal 8 1.9
Clearfil™ SE Bond 2 8 5.8
Optibond™ Solo Plus 10 26.5
Optibond™ FL 12 9.0
Scotchbond™ Universal (Plus) 8 56.8

@Data from nine respondents who selected “other adhesive” were not included in analysis

18



Figure 1. Adhesive systems included in the study. Clockwise from upper left: fourth
generation Optibond™ FL (Kerr), sixth generation Clearfil™ SE Bond 2
(Kuraray), eighth generationScotchbond™ Universal Plus (3M), eighth
generation Adhese® Universal (Ivoclar), and fifth generation Optibond™ Solo
Plus (Kerr).
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Figure 2. Number of survey questions (in percent) participants answered correct
and acceptable among five adhesive systems. Five adhesive systems were
included in the survey for the respondent to select as their primary adhesive
system. The responses were compared to the IFU of each adhesive system for
their accuracy, demonstrated by percent correct. Additionally, the percentage of
clinically acceptable responses were calculated. The percent of clinically
acceptable responses for Optibond™ FL were significantly lower than both
Optibond™ Solo Plus and Scotchbond™ Universal Plus. *** p < 0.005. **** p
<0.003.
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Figure 3. Number of survey questions (in percent) participants answered correct

and acceptable between attendees and non-attendees of Operative
Dentistry Calibration Seminars (ODCS). ODCS are sometimes held at United
States Navy Dental Treatment Facilities (DTFs). Some DTFs will use this as an
opportunity to provide Continuing Dental Education. The percentage of correct
responses and the percentage of clinically acceptable responses were compared
between attendees and non-attendees of ODCS. ODCS attendees answered a
higher percent of acceptable responses (85.1%) compared to those who did not
attend an ODCS (77%). *p < 0.05.
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