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ABSTRACT

Objective: To evaluate output of endodontic in oral public healthcare by analyzing differences in
instrumentation techniques, quantitative and qualitatively. Material and Methods: Endodontic services
were differentiated by instrumentation techniques: hand techniques with stainless steel instruments (SS) or
rotary using NiTi rotary instruments. Secondary data on the productivity of 2011 were obtained from the
information system. Student’s t and Mann-Whitney tests were used. Qualitative data were based on semi-
structured interviews, direct observation and field diary. Results: Service I employed SS hand techniques,
service II used both techniques, while NiTi rotary system was used in service III. Statistically significant
differences were observed in total endodontic productivity, with I presenting more productive results than
II (p=0.001) and III (p=0.009); III presenting more productive results than II (p<0.001). Comparisons of
endodontic treatment types revealed that I performed more multiradicular tooth treatments than did IT and
III (p=0.005), and III performed more treatments on biradicular teeth than did I and II (p=0.002).
Qualitative analyses were divided into themes: “perceptions of the service” and “perceptions of the employed
instrument”. Conclusion: Professional experience and high productivity per hour can be a differential; the
use of rotary instrumentation can be useful in solving unmet demands. Perception of endodontists showed
that chosen endodontic technique influenced job satisfaction and lack of integrality of the treatment is a
problem in secondary care.
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Introduction

Root canal treatments are performed to prevent or heal apical periodontitis and may use mechanical
cleaning and shaping, as well as a three-dimensional obturation, of the root canal space [17]. Rapid
technological advances in recent years has resulted in stainless steel (SS) hand instruments giving way to
rotary instruments made from a more flexible nickel-titanium (NiT1) alloy. Studies have reported that this new
technology can facilitate root canal preparation with a minimal risk of mishaps and can facilitate good-quality
root canal filling [27].

These rotary instruments have also been introduced in the oral public health sector, offering the
potential for more efficient and decisive treatments, which increases the number of attended patients and
reduces waiting times for endodontic treatment [37.

In 2004, the Brazilian Ministry of Health (MofH) created an oral public health program for secondary
care integrated into the healthcare network. This program deployed Dental Specialties Centers (DSC) to
address dental care deficits in populations with oral diseases that require treatment, including endodontic
infections, periodontal treatments, minor oral surgery, oral diagnosis, and care for patients with special needs.
Regarding physical-structural features, DSCs are classified into three types: I (three dental chairs), II (4 to 6
dental chairs), or III (more than 7 dental chairs). DSCs must work 40 hours per week, but the number of
professionals by specialty is variable and depends on the epidemiological needs of the population of each city
where the service is implemented [47]. These DSCs can contribute to the building of a healthcare network,
defined as a set of articulated actions and health services at increasingly complex levels to ensure the
integrality of healthcare and contributes to reducing inequality [57].

The incorporation of new technologies in specialized healthcare services in countries with universal
coverage is of interest to public health managers. Public health system policies in Brazil have recently begun to
encourage research on common oral health problems and the development of technological alternatives to
address the demand for certain services and strategies in the Brazilian population [67].

A study evaluating secondary care in oral health in Brazil confirmed previously found results, where
the productivity of oral health public services, in general, are low and below the stipulated limits set by the
MofH [7], which indicates minimum productivity targets for different types of DSCs to monitor the
performance of these centers. The minimum monthly production requirement in endodontic areas is 85, 60, and
95 procedures per month for DSC types I, II, and III, respectively [47]. Furthermore, statistical analysis of
correlations between care productivity and socio-demographic aspects within various Brazilian cities revealed
that population size and the human development index (HDI) were correlated, with smaller city size and lower
HDI associated with worse performance [77.

Therefore, this quantitative and qualitative study measured the output of endodontic procedures in the
Brazilian secondary oral public health system by analyzing differences in instrumentation techniques of three

municipalities.

Material and Methods
Study Design

This cross-sectional study is a quantitative study with qualitative data added to provide deeper, wider,
and fuller answers to the research questions. The quantitative and qualitative data collections were conducted
in three cities in the state of Minas Gerais, Brazil, located close to the capital of the state in its metropolitan

area. These cities presented one type II DSC each, similar socioeconomic indicators and were selected by
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convenience because their secondary oral health services were well organized, have similar physical-structural
features and were differentiated by the instruments used by professionals during root canal shaping (SS hand

instruments or NiTi rotary instruments).

Quantitative Study

This study used endodontic productivity data obtained from DSC in three selected cities. Secondary
data on the endodontic productivity of 2011 of the three cities were collected, according to the National
Register of Health Institutions (CNES in Portuguese) from SUS’s Outpatient Information System, using the
DATASUS system by a single researcher. This system only shows the total production without pointing out
the number of professionals who have worked to achieve these numbers. The Brazilian MofH defines as
endodontic procedures performed for secondary care: endodontic treatment and retreatment of uniradicular,
biradicular, and multiradicular tooth; endodontic treatment of primary teeth and the sealing of root perforation
[77. Data related to the cities’ characteristics (population sizes, HDI) in 2010, and Gini Index, in 2003, were
obtained from the Brazilian Institute of Geography and Statistics [87].

Descriptive statistics using IBM SPSS Statistics for Windows, version 19.0 (IBM Corp., Armonk, NY)
were obtained for all variables. Endodontic treatments performed on uniradicular, biradicular, and
multiradicular teeth were also analyzed according to city. The Kolmogorov-Smirnov test was used to
determine the distribution of the resulting data. Mann-Whitney (p<0.001) and Student’s t (p>0.05) tests were
used to analyze variables with non-parametric and parametric distributions, respectively. The confidence level

was set at 95%.

Qualitative Study

Qualitative data were based on semi-structured interviews, direct observations, and field diary [97] to
clarify and explain quantitative results. All participants (6 endodontists) signed the Free and Informed Consent
Form, which explained the purpose of the study to the patient. The qualitative data collection was performed
concomitantly with the collection of the quantitative data in the DSCs in three selected cities.

The interviews were referred to endodontists who had been working in secondary care for at least one
year in three selected cities. A semi-structured interview format with a pre-determined set of questions was
used and the questions reflected on professional education, description of demand for dental services and dental
professionals' practices (type of instrument to shape the root canal: SS or NiTi), and working conditions. A
pretest was conducted with one endodontist, who had already worked in one of the DSCs of the cities and who
did not participate in the main study, in order to adjust the research instrument.

All interviews were conducted by the same researcher in a quiet and private room, after a period of
time of professional work. Each interview lasted approximately one hour. The researcher was not a clinician in
any of the evaluated services and only had contact with the participants during the interview. All interviews
were audiotaped and transcribed verbatim by the researcher.

Direct observations of the services were noted in the field diary and consisted of facts concerning the
work process of the units and/or the interview and observations related to the problem under investigation
[97]. Notes were made in conversations with managers, dentists, and dental assistants, such as: number of
endodontists in each DSC and daily workload per endodontist. Data were analyzed using content analysis [97].

Several readings of the verbatim transcripts and field notes and listening to the audio recordings were
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performed to extract expressions and words leading to the central themes. The researchers discussed

disagreements until a consensus was reached.

Ethical Clearance
This study was approved by the Human Research Ethics Committee at Universidade Federal de
Minas Gerais, Brazil (Protocol ETIC 0718.0.208.000-11).

Results
Quantitative Findings

No data are missing from this study. The cities had different population sizes: city I had 878,089
inhabitants, city II and III had 158,956 and 45,499 inhabitants, respectively. The cities showed similar social
indicators. HDI and Gini Index of the three cities were 0.749, 0.704, 0.730, and 0.86, 0.33, 0.42, respectively.

Total endodontic procedures performed in three DSCs, according to those procedures considered by
Brazilian MofH, showed a yearly productivity for service I, I, and III of equal to 865, 466, and 643 endodontic
procedures, respectively. Dental professionals within the largest (service I) used the SS hand instruments to
perform endodontic shaping, while those within the smallest (III) and intermediate (II) services used NiTi
rotary instruments (ProTaper system, Dentsply Sirona) and both technologies, respectively.

Through the field diary, it was possible to identify the number of endodontists working in each DSC
of the selected cities, as well as their daily workload. Table 1 shows the monthly mean of productivity and the
productivity per hour of the endodontists in the DSC of each selected city. Monthly, the productivity for
services I, I1, and I1I was 72.08, 38.83, and 53.33, respectively, while the productivity per hour of DSC I (0.4:5)
was 2.8 and 1.4 times higher than DSC II (0.16) and DSC III (0.83), respectively; DSC III was also 2.06 times
higher productivity than DSC II.

Table 1. Productivity per hour of the endodontists in the three services.

Total Endodontic =~ Monthly Mean Number of Daily Monthly  Productivity
Services Procedures® of Productivity> Endodontistsc Workload! (h) Workload® (h) per Hourf
I 865 72.08 1 8 160 0.45
II 466 38.83 3 12 240 0.16
11 643 53.58 2 8 160 0.33

“Total endodontic procedures performed in 2011 in each service; "Total endodontic procedures divided by 12 months; “Number of
endodontists working in each service, according to field diary; {Daily workload: number of shifts worked per day of each professional
multiplied by 4 (each shift is equivalent to 4 hours). In service I, the professional works a double shift (2 shifts per day); ‘Monthly
workload: Number of hours worked per day multiplied by 5 days of the week, multiplied by 4 weeks of the month; ‘Monthly mean divided
by monthly workload (b/e).

Descriptive statistics for endodontic treatments performed in uniradicular, biradicular and
multiradicular teeth in each of the three services are shown in Table 2. In every DSC, the total productivity of

endodontic treatment of multiradicular teeth was greater than the uniradicular and biradicular teeth.

Table 2. Descriptive statistics of endodontic treatments performed in three services.
Endodontic Treatment

Service Uniradicular Teeth Biradicular Teeth Multiradicular Teeth
N Monthly Mean SD N Monthly Mean SD N Monthly Mean  SD
1 221 18.42 14.132 132 11 7.082 442 36.88 22.554
11 144 12.00 7.410 83 6.92 2.906 222 18.50 11.882
111 145 12.08 6.127 142 11.83 3.718 228 24.83 4.970

SD: Standard Deviation.
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There were statistically significant differences in total productivity among the services (Table 3).
Service I showed a higher productivity than those of service Il (p=0.001) and service III (p=0.009), while
service IIT had a higher productivity than that of service II (p<0.001).

When comparing treated tooth types, service I performed significantly more endodontic treatments of
multiradicular teeth than services II and III (p=0.005). In relation to the endodontic treatments of biradicular
teeth, service III performed significantly more treatments on this tooth type when compared to service II

(p=0.002), as shown in Table 3.

Table 3. Analytical comparison of productions of endodontic treatments among the three services.
Endodontic Treatment

Services Uniradicular Teeth Biradicular Teeth Multiradicular Teeth Total
Test value p-value Test value p-value Test value p-value Test value p-value
IxII 47.000%* 0.15 1.859% 0.08 23.000%* 0.005 24283.000%* 0.001
I x III 47.000%* 0.15 -0.363% 0.72 23.500%* 0.005 1244.500%* 0.009
IT x III -0.080%* 0.98 -3.612% 0.002 -1.703 0.10 814.000%* <0.001

*Student’s t test; **Mann-Whitney test.

Qualitative Findings

Of the six endodontists who worked in the DSCs of the three cities, four (two from service II and two
from service III) employed NiTi rotary instruments to perform root canal shaping, while two (one from service
I and one from service II) used SS hand instruments. In every evaluated DSCs, the auxiliary teams were
common to every service, being shared for all specialists of the DSC and not just for the endodontists.

Five professionals had completed post-graduate studies in Endodontics and only one had not (service
I), despite being the most experienced of the group with the longest time in the field since graduation. He
worked 8 hours per day and used only SS hand instruments to shape the root canals. Two professionals were
specialized in other areas as well (one from service II and one from service III), and another (service II) had an
M.S. and a Ph.D. in Endodontics. The time working at the public health service in endodontics ranged from 01
to 10 years.

The analyses of interview contents were divided into two core themes: “perceptions of the service” and
“perceptions of the employed instrument”, together with the topics related to each general theme. The
“perceptions of the dental service” included the time spent in each session, the number of sessions to conclude
the endodontic treatments, and the organization of the workload. The time per session spent by each
professional was similar in the different services (field diary), at one hour on the average. Conversely, the
number of sessions to conclude the endodontic treatment varied depending on the specific treated teeth. The
chosen endodontic technique only interfered in the number of sessions in the molar groups.

In uniradicular teeth, it was observed that endodontic treatment was almost always finished during
the same appointment. Endodontic treatment of premolars presented an average of 1-2 sessions (one session
being more common), regardless of which instrumentation technique was selected. The mean time to perform
the treatment of molar teeth using rotary and hand instruments was 1-2 visits and 1-38 visits, respectively.

Regarding the perceptions of the organization of the workload, the reports showed an absence of a
long waiting list, regardless of which endodontic instrumentation technique was used. The failure to continue
treatment, resulting in a poor resolution of the patients’ needs, was reported as a problem associated with the
organization of the public health service: “(...) the problem is that often afler the endodontic treatment there is a need
to make a prosthesis, and they have no conditions. (...) many times a patient must extract a tooth that I did endodontic

treatment on! (...) There is no continuation (...)" (Endodontist 1).
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The “perceptions of the employed instrument” was related to the improvement in the quality of the
treatments, the insertion of the technology within the dental service, and training courses.

All dentists reported a high degree of satisfaction with the endodontic treatments performed, pointing
to the minimization of iatrogenesis and instrumentation deviations, as well as tridimensional fillings verified by
radiographs, as items used by them to determine their satisfaction. The satisfaction of professionals was more
explicit and related to the instruments used: “(...) root canal treatment performed with hand instruments presents
good results (...), but with the rotary instruments it is different, because there is no professional fatigue, (...) the shaping
results facilitates the filling of root canals. (...) today I think the quality of my treatments with this technology is different’
(Endodontist 4).

“Very happy because (...) I have equipment here that facilitates my work, like the rotary system. (...) So I think the
final work has a good quality’ (Endodontist 5).

The professionals’ training with rotary instruments in the two cities (II and III) that used these
instruments was different: in one, no training was offered, while in the other, an endodontist trained the team.

In the DSC where the rotary system was not used, the dentist asked for a training course as a
requirement for adherence to the technology. However, the dentist in the DSC where the rotary system was
being used voiced his insatisfaction with the lack of training sessions offered by healthcare services: “They (the
management) did not offer, they did not help. (...) They want to use it to increase production! Because if I produce a lot
with hand instruments, I can continue!” (Endodontist 2).

“A training! And I said so, you have to train me, because I've never worked with that, but I have a notion”

(Endodontist 1).

Discussion

One study on Brazilian oral public healthcare services confirmed that the best performance of
secondary care is related to an increase in population size [7]. This study examined centers as a whole,
including all specialties offered as healthcare services. However, to our knowledge, no other study has
separately assessed endodontics.

Dental caries is still a prevalent oral health problem in Brazilian adults, and the frequency of decay
often requires endodontic treatment, increasing the demand for endodontics. Results indicated that service I
had a higher production than that of services II and I1I, highlighting the importance of considering the demand
for services as an epidemiological criterion in the distribution of human resources for health [107.

Results of qualitative findings, which determined the productivity in endodontics per hour, showed
that the professional of the service I was more productive than the professionals of the services II and III. This
professional, despite not having a specialist’s degree, had worked for a long time in endodontics, demonstrating
that more experienced professionals [117] with longer working time in the public healthcare service can explain
these findings, whereas the high turnover of professionals harms the longitudinality and continuity of
healthcare. Human resources are an overriding element to achieving good performance and are essential for a
healthcare service to function properly [127]. Therefore, the most important thing in order to work well in
Endodontics is not only the instrumentation technique, but also, if you have a good technique and can work
well with it, you can be as productive as, or even more productive than, a fast technology. However,
technological innovations are crucial for advancements in clinical dentistry, and the use of the good techniques

have been linked with an increased capacity of dentists to produce more dental services per unit of time [137.
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Furthermore, service III performed more endodontic procedures than did service II, being two times
more productive even with its lower population size. The use of exclusive NiTi rotary instruments to shape
root canals may have favored these findings; however, conducting procedure also depends on other aspects of
the offer, such as the number of DSC and dentists/specialists [10,127, professional skills, working conditions
(inputs and technologies available), and demand (specific need of population), in addition to service criteria and
priorities.

Donabedian [147] considers that the minimum structural conditions of health services (e.g., financial,
human, physical, organizational resources) are necessary and good work process increases the probability of
good outcomes. However, they are still not enough to ensure high-quality care. Otherwise, a fragmented
healthcare model will persist, which does not respond to the demands of the population, neither continuously
nor longitudinally [157. Moreover, it is imperative for clinical organizations to follow protocols and to
organize the flow for the referral and counter-referral of primary to secondary care [167]. Then, the evaluation
of the service's work process and the use of protocols in endodontic in the evaluated DSC in this study could
justify better output in the less structured service and with less technological resources. However, these
variables were not assess and they could be the focus of future studies.

The results showed that molars continued to be the group of teeth that most frequently received
endodontic treatment, which is in agreement with another study in the literature [177]. This observation is due
to the tendency for patients to keep more of their natural teeth (187, particularly molars, which are currently
preserved with endodontic treatment [197. Furthermore, the molars have a more complex anatomy [197] and
spend more time under cariogenic challenge.

Studies have demonstrated that NiTi rotary instrumentation has several advantages over SS hand
instrumentation, including better modeling and shortened treatment time [207]. Mechanical root canal
preparation is reportedly the most time-consuming procedure [187]. Historically, endodontic treatment has
been extended to several appointments; however, the introduction of new technologies, such as NiTi
instruments, has reduced the number of appointments and allows for treatment in a single visit [217]. One
Australian survey [207] noted that, in 80% of the rotary instrumentation, users reported more rapid
preparation of root canals. These findings were noted in both direct observations and field diaries [97, in which
the mean time to perform the treatment of molar teeth using rotary instrumentation was lower than using
hand instruments.

The reports on the absence of long waiting lists in DSC, regardless of the endodontic technique of
instrumentation, should be carefully analyzed. This fact can be explained by the tendency of overestimated
results in self-assessment studies. In general, patients referred from primary care to specialized endodontic
treatment were subjected to a long waiting time [22,287. DSCs deployment in municipalities in which primary
healthcare is not well structured is not recommended, since secondary care would be exposed to free demand
and the performing of basic procedures that (247, which can influence the productivity of the DSCs.

In this study, one problem cited as the lack of organization of the public health service was the failure
to resolve patients’ needs after the conclusion of endodontic treatment. This report may be linked to problems
with interfaces between secondary and primary care, given that endodontic treatment is an intermediary
procedure and has no end in itself [227. Thus, the way in which people obtain access to primary care must be
strengthened, and the continuity of care in specialized treatment must exist without barriers, including

efficient mechanisms to regulate the flow of assistance to other levels of care in order to achieve integrality

[237.
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Another perception of the use of NiTi rotary instrumentation by endodontists was associated with the
satisfaction regarding positive results of the treatment, revealing improved results and quality of treatments,
which corroborates other studies [25,267]. However, one study [27] compared the survival rates of endodontic
treatment performed by using instrumentation with SS hand files versus those performed using more
contemporary techniques (instrumentation with hand and rotary nickel-titanium files) and it did not observe
difference between the two groups in terms of survival.

Despite all these highlighted advantages and to be well established in the literature that NiTi files are
safer than SS files and the separation rate of NiTi rotary instruments in currently very low [287, it is
necessary to include pre-clinical training sessions in order to introduce the use of these instruments in
endodontic clinical practice [207. Qualitative results from this study indicated that the DSC professionals
evaluated in this study agreed with findings from the literature that indicate the need for preclinical training.
The successful introduction of new technologies into routine clinical practice requires eftective products, as
well as appropriate educational training, in an attempt to underscore their usefulness to practitioners. Resource
allocation in any healthcare system should be cost-effective. Therefore, analysis of alternative intervention
should also consider their relative costs and benefits to determine their relative efficiency [297.

In this way, comparing root canal treatments performed before and after NiTi rotary technique
education regarding instrumentation costs and the number of instrumentation sessions in a public dentistry
service revealed that significantly fewer instrumentation sessions were required when earlier training was
performed, which resulted in lower costs, providing a more cost-effective implementation [307. Studies have
shown that the adoption of NiTi rotary instruments in endodontics varies among professionals; however,
continuing education programs that include pre-clinical training sessions are vital for adherence to
technological innovations [20,267].

In this study, the use of information systems for health and secondary data collection was a limiting
factor, but it was consistent with our goals. One advantage of these systems is the quick capture of information,
which provides managers an indispensable tool for making decisions. In addition to this limitation, the data
used for analysis included procedures performed in this study, which can interfere in the data recording, in
either overreporting or underreporting, since MofH takes only the complete endodontic treatments into
account, not punctuating intermediate procedures [77]. It should be noted that, between endodontic treatment
sessions, complications may occur, such as dental fracture, loss of the dental element, or treatment abandoned
by patient, because the pain had been relieved. Furthermore, information bias also can be highlighted as
limitations in the present study by the tendency of the professionals to overestimate their self-assessment
results.

It is also true that "Endodontic productivity" depends on a myriad of factors (e.g.: experience of the
providers, availability of endodontists, ratio of general dentists to specialists, economic and social factors).
However, this study focused on the type of endodontic technique used in the service. Furthermore, the
increased number of qualitative studies in recent years adds an important dimension to the evaluation of
actions in oral health, mainly in the public health services, by producing knowledge gained from dental

professionals’ experience.

Conclusion
The use of rotary instrumentation in the services of secondary oral public healthcare may be of great

use in solving unmet endodontic demands, but the professional experience and high productivity per hour can
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be a differential to the lack of technologies. Regarding the qualitative analysis, the perception of endodontists
showed that the chosen endodontic technique influenced job satisfaction, which was more positive among the
professionals that use the rotary instruments, and the lack of integrality of the treatment was reported as a

problem in secondary care.
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