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ABSTRACT

Objective: To analyze the supply of input and procedures, non-invasive and micro-invasive, for dental caries
lesions in Primary Care in Brazil, comparing the Brazilian geographic regions in three different periods.
Material and Methods: Historical series study based on secondary data extracted from the 1st Cycle (2012),
2nd (2014, and 3rd cycle (2018) of the External Evaluation of the National Program for Access and Quality
of Primary Care. The proportions of Oral Health Teams offering non-invasive (fluor) and micro-invasive
(sealants) supplies and procedures between Brazilian geographic regions were compared using the Chi-square
test, using the Z Test adjusted by the Bonferroni method, and between the years (2012, 2014, and 2018) using
the Cochran Q test (p<0.05). The percentage variation between the proportions per cycle was calculated.
Results: The availability of inputs of fluor gel in Brazil increased between 2014 (91.6%) and 2018 (94.1%)
(p<0.001), but statistically only in the Northeast and North (p<0.001). The offer of the topical fluorine
procedure increased between 2012 (78.8%) and 2018 (87.4%) (p<0.001) in Brazil, with the most significant
increase in the North (+7.5%) and Northeast (+22.0%). There was greater availability of inputs of sealants in
Brazil between 2012 (56.8%) and 2018 (69.5%) (p<0.001) in Brazil, and more significant expansion in the
Northeast (+43.4%). There was a greater offer of the sealing procedure in Brazil between 2014 (98.6%) and
2018 (98.5%), compared to 2012 (94.7%) (p<0.001), with more significant expansion in the North (+5.8%).
Conclusion: There was an increase in the supply of input and procedures, non-invasive and micro-invasive,
in Primary Care in Brazil. Despite maintaining regional inequalities, they were reduced, with greater
expansion in the North and Northeast regions between the years evaluated.
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Introduction

The world population has dental caries as the condition that most impacts oral health [17. Its
management can be carried out with non-invasive treatments (those that do not remove dental tissue and involve
the control of mineral balance), micro-invasive (those that remove dental tissue at a micrometric level due to, for
example, acid etching of the surface) and invasive (those that remove tooth tissue at a macrometric level, using
hand or rotary instruments) in together with the disease control [2,37. However, it is recommended that
minimally invasive treatment of the lesions be carried out whenever possible.

In the case of non-cavitated active lesions, it must be ensured that the chosen treatment stops the
progression of the lesion and prevents cavitation. As these lesions are not yet cavitated, it is possible to induce
remineralization to reverse the demineralization process. The sooner the lesion is diagnosed, the greater the
possibility of applying non-invasive (fluorides) or micro-invasive (sealants) methods [47].

The lack of information, resources, and procedures that could prevent the onset and progression of
caries affects the economically and socially most needy areas, which consequently have a higher prevalence of
the disease [17. Therefore, social inequalities negatively impact the distribution of the disease and access to oral
health care [5,67.

One way to reduce the impact of social inequalities on oral health is by formulating public policies for
better living conditions and health care. In Brazil, the National Oral Health Policy (Politica Nacional de Saiide
Bucal in Portuguese) (PNSB), implemented in 2004, as a way to guarantee comprehensive health care in Brazil
through the Unified Health System (Sistema Unico de Saiide — SUS, in Portuguese). The SUS stands out as the
world's most prominent public program for oral health [77.

The SUS organizes the health system into three levels, with Primary Care (PC) being the first level,
which has Oral Health Teams (OHT) [7]. The PNSB, in addition to considering PC as a gateway and a
multidisciplinary work, envisages being more resolute, establishes comprehensiveness through the referral of
more complex treatments, and creates care networks that are articulate between secondary and tertiary levels of
care [87].

Since dental caries are highly prevalent in the Brazilian population [97] and PC is the ideal place for
prevention and health promotion activities [ 107, assessing how the public service at this level of care has offered
minimal intervention in dentistry is essential. Therefore, this study aimed to analyze the supply of input and
procedures, non-invasive and micro-invasive, for dental caries lesions in Primary Care in Brazil, comparing the

Brazilian geographic regions in three different periods.

Material and Methods
Study Design

The historical series study was based on secondary data from the External Evaluation (EA) with health
professionals from the Basic Health Units (UBS) of the 1st, 2nd or 8rd Cycle of the Program for Improving
Access and Quality of Primary Care (Programa de Melhoria do Acessso e da Qualidade da Atengdo Bdsica - PMAQ-
AB).

Ethical Aspects
The data are in the public domain and made available by the Ministry of Health. All PMAQ-AB cycles
were approved by the Research Ethics Committees of the Higher Education Institutions collaborating in the

data collection. Participating professionals were presented with a Free and Informed Consent Form.
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Data Extraction Source

The PMAQ-AB was created by the Ministry of Health (MS) in 2011. It aims to encourage teams and
managers to improve the quality of SUS services offered to the population. The program also proposes a set of
strategies for better qualification, evaluation, and monitoring of all health worker teams [117.

Adherence to the PMAQ-AB was voluntary and not mandatory. It was carried out by the municipal
management individually by PC Health Teams that wished to participate. The PMAQ-AB was an evaluation
policy to measure, finance, and qualify PC. This program had three cycles, each lasting two years: the first cycle
was held in 2011-2012, the second cycle was held in 2013-2014, and the third cycle was held in 2016-2018 [117].

All PMAQ-AB cycles were coordinated tripartitely by the Department of Primary Care (DPC) of the
Ministry of Health, the National Council of Health Secretaries, and the National Council of Municipal Health

Secretaries. Higher education institutions collaborated for the external evaluation stage.

Sample Universe

The sample universe in this study was the OHT that adhered to and received external evaluation of the
Ist, 2nd, or 3rd Cycle of the PMAQ-AB. Each cycle was treated independently, and the evaluated OHT did not
need to have participated in more than one cycle.

Variables were selected from Module I (structure) and II (work process) of the 1st Cycle (2012) and
from Module V (inputs) and VI (work process) of the 2nd (2014) and 8rd Cycle (2018) of the data collection from
the External Evaluation of the PMAQ-AB. It consisted of an interview with a professional from the OHT and
verification of documents and instruments at the Basic Health Unit. All OHTs were eligible, regardless of the

respondent's professional category (dentist or oral health technician/assistant).

Data Collection

The external assessment was carried out by independent professionals who had been previously selected
and calibrated to apply validated forms, record data on tablets, and analyze supporting documents when
necessary.

In the first cycle, 17,482 Primary Care and Oral Health Teams joined (53% of the OHT registered in
the year), 19,946 (89.6% of the OHT registered in the year), and 25,090 (93% of the OHT registered in the year).
The External Assessment took place in 16,552 OHT in the 1st cycle (94.7% of the OHT adhered to the cycle),
18,333 in the 2nd cycle (91.9% of the OHT adhered to the cycle), and 22,993 in the 3rd cycle (91.6% of the OHT
registered in the cycle). Data loss can occur due to the incorrect filling of some variables during the database

extraction.

Variables

The outcomes (dependent variables) of the study were divided into two blocks (Table 1): 1) Supplies and
2) Offer of non-invasive/micro-invasive procedures provided by OHT. The independent variables were: 1)
Brazilian geographic regions: South, Southeast, Midwest, Northeast, and North; and 2) The year of evaluation
cycles: 2012, 2014, or 2018.

Data Analysis
Data were adjusted and analyzed using the Statistical Package for the Social Sciences (SPSS) 20.0 and
presented in absolute (n) and relative (%) frequencies. The associations of the variables studied (outcomes) and

the independent variables (regions or cycles) were performed using the chi-square test (p<0.05).
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To compare the prevalence between Brazilian geographic areas, the Z Test with Bonferroni adjustment (p<0.05) was used, and to compare the cycles, the Cochran
Paired Q Test (p<0.05). After previous adjustments for comparability, all variables were dichotomized into “Yes” or “No” (Table 1). The percentage variation was calculated
between the comparable variables as follows [(proportion in the next cycle + proportion in the previous cycle) - 17 x 100. Equiplots were created to display the inequalities

between the Brazilian geographic regions.

Table 1. Definition of study variables and categories according to questions and response categories.

Variables Question Bank Category Analysis Category
Supplies for non-invasive procedures made available for OHT:
Fluoride Gel
2nd Cycle V.9.14: Fluoride gel Yes/No Yes: Has it and sufficient amount > 1;
V.9.14/1: In sufficient amount? No: It does not have enough or amount = 0.
grd Cycle V.9.17: Fluoride gel in sufficient amount? Yes/No Yes: yes; / No: no.
Sealants
15t Cycle [.20.4: Sealants Yes/No Yes: It has it and a sufficient amount > 1;
[.20.4/1: Sealants sufficient amount? No: It does not have enough or an amount =
0.
2nd Cycle V.9.24: Sealants Yes/No Yes: Has it and sufficient amount > 1;
V.9.24/1: Sealants sufficient amount? No: It does not have enough or amount = 0.
grd Cycle V.9.87: Sealants sufficient amount? Yes/No Yes: yes; / No: no.

Ofter of non-invasive procedures made available for OHT:
Topic Fluoride Application

15t Cycle I1.86.2: The team performs basic oral health procedures, such as: Yes/No Yes: yes; / No: no.
I1.86.2: Topic fluoride application

2nd Cycle Does the Oral Health Team perform the following procedures at the Health Unit? Yes/No Yes: yes; / No: no.
VI_16_5_7: Topic fluoride application

grd Cycle VI.7.5: In clinical care, the Oral Health Team performs: Yes/No Yes: yes; / No: no.

VI1.7.5: Topic fluoride application
Sealant Application
15t Cycle I1.86.2: The team performs basic oral health procedures, such as: Yes/No Yes: yes; / No: no.
I1.86.2: Sealant application
grd Cycle VI.7.5: In clinical care, the Oral Health Team performs: Yes/No Yes: yes; / No: no.
VI1.7.5: Application of ionomeric sealant

Results
Fluorine gel showed high availability of raw material for OHT in Brazil, with an increase from 2014 (91.6%) to 2018 (94.1%) (p <0.001). Regional disparities were
less evident. The South region had the highest availability in 2014 (95.8%), and the North region had the lowest availability (86.9%). In 2018, the Northeast region had the
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highest availability (95.6%), and the Southeast region (91.8%) had the lowest, without differing from the Midwest region (93.1%) and North region (93.8%). Between 2014

and 2018, there was a reduction in input availability in the South region (-1.9%) (p=0.008) and a more significant increase in availability in the Northeast (+5.2%) and North

regions (+7.9%) (p<0.001) (Table 2 and Figure 1).

Table 2. Comparison between the proportion of offer and application of fluoride gel and sealant among Oral Health Teams in Primary Care, according to Brazilian
geographic regions and PMAQ-AB cycles.

Brazilian Geographic Region

Variables Brazil South Southeast Midwest Northeast North p-value*
N (%) N (%) N (%) N (%) N (%) N (%)

Fluoride Gel Offer
2014 (n=16,551) 15,158 (91.6) 2,205 (95.8)a 3,740 (91.6)b 1,307 (91.8)b 6,899 (90.9)b 1,001 (86.9)c <0.001
2018 (n=20,301) 19,106 (94.1) 2,498 (94.0)a 4,659 (91.8)b 1,573 (93.1)a,b 8,966 (95.6)c 1,410 (93.8)a,b <0.001
Variation (%) 2.7 -1.9 0.2 1.4 5.2 7.9
p-value** <0.001 0.003 0.674 0.174 <0.001 <0.001

Fluoride Gel Application
2012 (n=12,562) 11,898 (94.7)A 1,949 (97.1)Aa 3,817 (94,5)Ab 881 (95.0)Aa,b 4,496 (94.1)Ab 750 (92>8)Ab <0.001
2014 (n=18,333) 18,070 (98.6)B 2,550 (99.1)Ba 4,991 (98,7)Ba 1,562 (98.4)Ba,b 7,702 (98.5)Ba 1,265 (97.0)Bb <0.001
2018 (n= 22,993) 22,651 (98.5)B 2,958 (98.6)Ba-e 5,982 (97,9)Cd,e 1,893 (97.9)Bc,e 10,114 (99.1)Cb 1,704 (98.2) Ba,c,d,e <0.001
Variation (%) (2012-2014) 4.1 2.1 4.4 3.6 4.7 4.5
Variation (%) (2014-2018) -0.1 -0.5 -0.8 -0.5 0.6 1.2
Variation (%) (2012-2018) 4.0 1.6 3.6 8.1 5.3 5.8
p-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Sealant Ofter
2012 (n=24,974) 14,186 (56.8)A 2,865 (64.0)Aa 5,070 (67.2)Ab 1,218 (62.1)Aa 4,164 (44.0)Ac 869 (56.6)Ad <0.001
2014 (n=16,551) 11,214 (67.8)B 1,847(80.3)Ba 3,172 (77.7)Ba 1,123 (78.9)Ba 4,342(57.2)Bb 730 (63.3)Bc <0.001
2018 (n=20,301) 14,111 (69.5)C 2,163 (81.4)Ba 3,746 (73.8)Cb 1,351 (80.0)Ba 5,919 (63.1)Cc 932 (62.0)Bc <0.001
Variation (%) (2012-2014) 19.4 25.5 15.6 27.1 30.0 11.8
Variation (%) (2014-2018) 2.5 1.4 -5.0 1.4 10.3 -2.1
Variation (%) (2012-2018) 22.4 27.2 9.8 28.8 484 9.5
p-value** <0.001 <0.001 <0.001 <0.001 <0.001 0.001

Sealant Application
2012 (n=12,562) 9,903 (78.8)A 1,723 (85.8)Aa 3,404 (84.3)Aa 794 (85.4)Aa 8,370 (70.5)Ab 612 (75.7)Ac <0.001
2018 (n= 22,993) 20,102 (87.4)B 2,712 (90.4)Ba 5,480 (89.6)Ba 1,717 (88.8)Ba 8,780 (86.0)Bb 1,413 (81.4)Bc <0.001
Variation (%) 10.9 5.4 6.3 4.0 22.0 7.5
p-value < 0.001 < 0.001 < 0.001 0.01 < 0.001 0.001

Present only the results in the “Yes” category tables. However, the “No” category was considered for analysis; *Lowercase letters represent the statistical differences between Brazilian geographic regions per line
(p<0.05); **Uppercase letters represent the statistical differences between cycles (years) per column (p<0.05).
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The topical fluoride application had the same proportion in 2014 (98.6%) and 2018 (98.5%), both being
higher compared to 2012 (94.7%) (p<0.001). It was increased by +4% between 2012 and 2018. A high proportion
of procedures were performed in all Brazil regions, above 90%. The North region showed the highest percentage
increase (+5.8%), with the proportion going from 92.8% in 2012 to 98.2% in 2018 (p<0.001) (Table 2 and Figure
1).

Regarding the supply of sealants, there was an expansion of the availability of OHT between 2012
(56.8%), 2014 (67.8%), and 2018 (69.5%) (p<0.001). Brazil had the highest percentage variation (+22.4%) from
2012 to 2018. Regional inequalities remained in all three cycles (p<0.001). Even though the Northeast is the
region with the highest percentage expansion between 2012 and 2018 (+43.4%), it had the lowest availability
throughout the period (44.0%, 57.2%, and 63.1%, respectively) among all Brazilian regions, not differing only
from the North region (62.0%) in 2018 (Table 2).

Regarding the procedures for performing sealants, there was an increase in Brazil from 2012 (78.8%) to
2018 (87.4%) (p<0.001), with a percentage increase of +10.9%. The Northeast had the highest variation in
percentage increase (22.0%) (p<0.001). This region had the lowest number of procedures performed in 2012
(70.5%) compared to other areas of Brazil. In 2018, it continued with the lowest sealant procedures (86.0%),
surpassing only the North region (81.4%). Thus, regional inequalities can be verified in both cycles (p<0.001).
In both cycles (2012 and 2018), the South, Southeast, and Midwest regions performed more sealants than the
North and Northeast (Table 2 and Figure 1).
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Figure 1. Equiplot between the proportion of offer and application of fluoride gel and sealant among
Oral Health Teams in Primary Care, according to Brazilian geographic regions and PMAQ-AB cycles.
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Discussion

Most oral health teams had supplies available and performed non-invasive and micro-invasive
procedures for dental caries prevention or treatment in primary care in Brazil. These results show that, despite
the past of Dentistry curative practices with a surgical approach to carious lesions 7,127, Brazilian oral health,
within its public health system, is encouraging prevention practices as proposed by the PNSB. With the
advancement of knowledge and the introduction of new materials in the market, Dentistry follows the philosophy
of minimal intervention, with a therapeutic approach to the causes of the disease [187. As in the present study,
the culture of minimally invasive procedures appears to be more present in dental practices. It represents an
expressive advance for oral health, given the historically mutilating procedures of Dentistry [14].

In the present study, it was evidenced that the increase in the availability of inputs may have influenced
the increase in the performance of non-invasive and micro-invasive procedures for the prevention or treatment
of dental caries lesions in AB since there was a significant increase in both availability and in carrying out the
dental procedures. In practice, changes in clinical conduct are incorporated slowly, as they often depend on the
professional's will, continuing education, the dissemination of updated recommendations, and mainly the
availability of inputs [157]. Therefore, it is possible to observe that public policies to encourage permanent
training, such as Permanent Education in Health (Educagdo Permanente em Saiide, in Portuguese - EPS), and the
focus on prevention and health promotion, with a model of patient care, have worked in Brazil [16,17]. The
PMAQ-AB seems to have played a fundamental role as an evaluation policy, which is vital for obtaining an
overview of the reality of AB. Visualizing failures, such as the lack of inputs, can promote awareness among
managers and a better ability to solve weak points. Also, because it is a performance incentive program, it may
have accelerated the qualification process by purchasing inputs and incentives to carry out the procedures.

In the last cycle (2018), more than 90% of oral health teams from all Brazilian regions presented
fluoridated gel and carried out the application. It becomes a positive point, demonstrating that the teams are
carrying out prevention and providing good care to patients. It should be highlighted that, in all regions, the
performance of the procedure is greater than the availability of inputs, with more than 95% of oral health teams
performing the procedure. This result can occur because, regarding the availability of the evaluated material, the
answer is intrinsic to the understanding of "sufficiency." In this sense, although the OHT has the input and
performs the procedure, the professional respondent may perceive that the quantity is not able to meet the
demand. Service management must take a careful look at this so that the clinical conduct is technically based and
not limited to the (un)available input.

Despite the availability of fluoridated gel input having increased in the Northeast and North regions,
there was no significant increase in the Southeast and Midwest regions, with a reduction in the South. Teams
from all Brazilian regions increased the application of fluoride gel between the three evaluation cycles. The areas
with the worst oral health conditions (North and Northeast) (187 were precisely the ones that presented the
most improvement in the availability and realization of fluoride gel. This growth occurred in the places that
most needed it, demonstrating that the principle of equity is being complied with.

Concerning sealant, there was a significant increase in all regions in the proportion of teams that have
the material and carry out the procedure throughout the cycles, with emphasis on the Northeast region. It is the
region with the highest percentage of oral health teams incorporated into the family health strategy (197, and
strengthening health promotion and prevention practices are expected as a healthcare model.

Just under 70% of the teams stated that they had a sealant supply available, although almost 90% of the

teams in 2018 reported the procedure was performed. This possibility of data inconsistency can be due to using
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and incorporating other techniques and materials not identified by the teams as materials for sealants. Such as
glass ionomer cement, glass carbomer, or flowable resin can be used for this purpose [20-227].

Sealants present a simple and easy-to-perform technique with a short clinical time, low cost, and are
scientifically proven [287. Despite this, 1/8 of the teams still did not present the input for carrying out the
procedure, with primary care being the privileged place to carry out disease promotion and prevention
procedures, being the place closest to the population, and where the caries disease diagnosis is accomplished [77].
When correctly indicated and performed within the protocol, sealants can contribute to keeping teeth healthy
and functioning throughout the patient's life, preventing the development and progression of carious lesions at
the dentin level [247]. Paralyzing the process in the early stages of carious lesions is of paramount importance as
a therapeutic way to prevent the progression of the lesion [257]. However, guidance and reinforcement regarding
personal oral hygiene and dietary care are a coordinated way to treat the disease [27]. A minimal intervention
approach uses this philosophy to preserve the dental structure as much as possible, focusing on healing injuries
and the health-disease process [27].

The present study noted that although the expansion of the offer of non-invasive and micro-invasive
procedures in primary care is evident, this growth has been slow. This is possibly due to the health financing
model in Brazil, which has higher funding for oral health at the municipal level than at the federal level [267. In
addition, the Ministry of Health's initial investment at the federal level has been higher for OHT implementation
(41.8%) than for operating costs (33.1%). Therefore, a program that provides more financial resources for
performance becomes essential to encourage the maintenance and improvement of services already offered and
not just in the search for the growth of new teams.

Considering Brazil's territorial dimensions, its heterogeneity in the socioeconomic and cultural field is
known, which directly interferes with the management capacity of public health services, even within the SUS
[277]. In this sense, the search for the principle of universality, where everyone has the right to use the service,
is not yet the Brazilian reality, which less than 50% of the population has been covered with oral health 287
and, therefore, strategies to assist those most in need have been adopted.

Public policies in Brazil have increasingly sought to reduce historical regional disparities, including
those in health. There has been a reduction in inequalities from the beginning of the 21st century, explained by
the combination of social and economic policies, with growth in income and schooling associated with regional
development strategies [27 . This topic was identified in the present study, where the North and Northeast
regions showed an evident reduction in disparity among other Brazilian areas. Studies have pointed to a worrying
trend toward decreasing preventive procedures and increasing curative procedures throughout Brazil, especially
in the Northeast region [297. It is necessary to search for the reasons for this inversion since preventive measures
are one of the central axes established by the SUS [77]. Added to this is Constitutional Amendment No. 9520 of
2016, which froze spending on health and education for 20 years. Therefore, surveillance and monitoring of the
availability of inputs and offers of procedures is essential so that there is no retreat from the paths already taken
concerning reducing regional disparities since there is still a long way to go. In addition, another possibility to
explain the lack of preventive actions in certain regions is due to the lower socioeconomic status of these
populations since these individuals require numerous treatments of different levels of complexity, and
professionals need to adapt the provision of services to local reality [307].

The limitations of the study must be considered. The work was based on a secondary database, where
it was impossible to include the inputs and procedures in all cycles due to variations in the data collection

methodology. However, it is noteworthy that the study adapted the variables to compare the data. The PMAQ-
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AB demonstrated a qualification process in the evaluation process at each cycle concerning the measurement of
items in general, including an improvement process in the format of the questions, making them more
straightforward, for example, including only the responses of inputs in usable conditions or always available.
The evaluation of minimally invasive clinical practices was not well covered since it does not include items with
proven effectiveness in stopping caries disease within the philosophy of minimal intervention, such as the use of
cariostatic materials (317, a technique of atraumatic restoration (ART) [327], or the non-restorative control of
cavities, among other items [27].

Another limitation is that PMAQ-AB presents results only for the OHT's that voluntarily joined the
program,; therefore, it may overestimate the results by including the teams that had better performance and felt
more prepared for the external evaluation. Although it was verified over the cycles that, while in the first cycle,
there was a limit of adhesion to the program restricted to 50% of the health unit per municipality, there was no
such limitation in the subsequent cycles [117]. Therefore, there was a significant increase in the number of teams
that joined the program, with adherence higher than 90% of the OHT registered in the third cycle.

It is also worth mentioning that the PMAQ-AB was a program with an evaluation instrument with
funding for performance, which generated a mobilization between managers and professionals to adapt the
infrastructure and work process to achieve better indicators, being valuable for the maintenance of the access
and quality of oral health in Primary Care [837]. However, since 2019, the PMAQ-AB has been replaced by the
Federal Government by “Previne BrasiI’ (Ordinance No. 2979, of November 12, 2019). Considering the
simplification in the evaluation process of the new program, the data presented here may be used shortly as a
basis for assessing the positive or negative impact of substantial changes in the PC performance evaluation

process [267].

Conclusion

There was an increase in the supply of inputs and the performance of non-invasive and micro-invasive
procedures for dental caries prevention or treatment in Primary Care in Brazil. This was reduced despite the
maintenance of regional inequalities during the evaluation years. The supply of inputs and non-invasive
procedures expanded more in the North and Northeast regions, and the inputs for micro-invasive procedures
expanded in the Northeast region. However, it is still possible to verify disparities regarding the sealant between

the North and Northeast and the South, Southeast, and Midwest regions.
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