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Abstract The present study aimed to develop and implement an electronic information management system at a
dental school of a public university in Brazil. Workflow mapping was carried out using the business process model and
notation (BPMN) methodology and the Miro platform. The macroprocess was patient-centered, covering the journey
from clinic admission to discharge. Subprocesses were detailed by user type and validated with involved professionals.
The system was initially tested with fictitious data and, after adjustments, applied in specific courses. User perception
was assessed via questionnaire. The mapping enabled a detailed organizational chart, identifying bottlenecks and
improvement opportunities. Users received specific access levels; implementation involved data migration, academic
system integration, and features to prevent pending tasks. The system’s self-assessment collected 150 responses: 76%
agreed on its usefulness, while 94% highlighted the need for ongoing training. Despite challenges, the system promoted
significant progress in process digitization, faster communication, and traceability of clinical activities, with potential
for waiting list control and academic tracking of students.
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Introduction

The computerization of medical records and
administrative workflows is a reality in all ar-
eas of knowledge, leading to the optimization
of bureaucratic tasks and improvements in the
effectiveness and efficiency of services. In the
healthcare field, especially in public services,
the computerization of patient records brings
several benefits to users, be they patients, mem-
bers of the administration, or healthcare profes-
sionals'. From an organizational point of view,
information stored in printed format can only
be accessed physically, in addition to being sub-
ject to loss, data duplication, and difficulty in
organizing or grouping individual or collective
data, such as managing waiting lists, controlling
processes, and accounting for procedures and
operational costs, as well as the growing de-
mand for physical space and staff to store these
documents?.

The disorganization of the information flow
and the work process is perceived negatively by
both healthcare professionals and users of the
Unified Health System (SUS) with regard to
speed and access to the service®. In this sense,
the computerization of medical records and
complementary exams ensures greater acces-
sibility and efficiency, since the information is
centralized in a database and can be accessed
by different professionals simultaneously, facil-
itating communication and multidisciplinary
care, with no need for document duplication or
reworking. Information gathering, four scenar-
ios that take place daily within a Dental School.
Furthermore, computerization reduces the pos-
sibility of errors related to manual records, such
as typing errors or loss of information, as well
as prevents the duplication of records, thereby
ensuring data integrity and consistency.

From an administrative standpoint, com-
puterization ensures better organization and
control of flows and processes, such as manag-
ing inventory materials, controlling the entry
and exit of materials in the sterilization sector,
scheduling and referring patients, among oth-
ers. Furthermore, reports on various aspects can
be created, ranging from the use of consumable
materials for a given discipline to obtaining the
entire history of care provided®”. From a legal
standpoint, computerization also provides legal
security to administrators/directors of institu-
tions, as it reduces the risk of misplacement or
loss of patient information or examinations®.

With regard to education, computerization
allows students in the health field to move even

closer to the professional reality and, with fast-
er access and without the risk of loss, allows
for better training of the students by providing
complete and up-to-date information on pa-
tients’ medical/dental history, allowing for easy
identification of possible drug allergies, access
to previous radiographs, and a comprehensive
view of the patient, which in turn enables a pa-
tient’s humanization process and clinical deci-
sion-making by the future professional”®.

There is currently a range of options for
electronic medical record systems and man-
agement of dental offices and clinics. However,
the academic environment of Dental Schools
presents peculiarities that are not met by the
commercially available options in the Brazilian
market. In this sense, our study aims to pres-
ent the development and implementation of
an electronic information management system,
which addresses the following proposed pillars:
1) avoiding data loss or duplication; 2) control
of waiting lists and improvement in case reso-
lution, including reporting of services rendered;
3) centralization and control of procedures
developed by students in different disciplines
and specialties with its own evaluation tool;
4) control of processes and flows; 5) reduction
of bureaucracy in the daily lives of users, with
automated completion of SUS forms and the
possibility of creating consolidated monthly or
semesterly reports; and 6) improving commu-
nication between the educational institution
and patients, aiming to reduce absenteeism in
clinical activities.

Methodology

This article is a study of the development of a
technological product (an electronic clinical
management system for dental schools) that ful-
filled the requirements for formulation, testing,
implementation, and usability evaluation in the
teaching-service interaction.

Flow mapping

Initially, a mapping of the flows and ser-
vices developed within the Dental School at
the Federal University of Pelotas (Faculdade de
Odontologia da Universidade Federal de Pelo-
tas — FO-UFPel), a Brazilian public university
located in southern Brazil, was carried out. For
this, the Business Process Model and Notation
(BPMN) methodology, widely recognized for its
effectiveness in representing business processes,



was used in conjunction with the Miro digital
platform, in its free version. This tool was cho-
sen, as it allows for the creation of flowcharts
and mind maps in a simple, fast, and collabora-
tive manner, meeting the project’s needs.

Macroprocess mapping

Seeking to improve the resolution of dental
cases, the flow mapping was planned consider-
ing the patient as the core element of the mac-
roprocess. Thus, the macroprocess was defined
as the set of integrated steps that develop from
start to finish, considered from the patient’s en-
try into the institution for the first time to the
completion of dental treatment, with the possi-
bility of a referral due to a new demand and a
consequent restart of the macroprocess for the
individual. The patient-centered approach was
carried out with the aim of identifying bottle-
necks and opportunities to achieve improve-
ments throughout the care and service deliv-
ery chain, considering both the perspective of
clinical care and the administrative processes
involved.

In addition, the types of users needed for the
system were also mapped, considering that each
type of user can have access to different func-
tionalities according to their needs. This map-
ping was carried out considering that a large
part of the dental care provided at the institu-
tion is focused on the perspective of SUS.

Mapping of subprocesses (functionalities)

The system’s functionalities were mapped
through the subprocesses identified in the mac-
roprocess. These subprocesses were initially di-
vided by user type, and a study similar to that
of the macroprocesses was then conducted to
identify the flows of each subprocess, as well as
the variables relevant to each functionality.

Each subprocess was represented in detailed
flowcharts, using BPMN, which allowed for a
clear view of the connections between the dif-
ferent stages and identified critical areas that
required greater attention.

Validation of flows

The mapped workflows underwent a vali-
dation process through weekly meetings, the
purpose of which was to review, discuss, and,
when necessary, modify the macroprocessnand
its subprocesses. These meetings were held by
faculty and administrative staff involved in the
various mapped processes.

Development process

The development process was conducted in
a structured manner and divided into different
stages, including planning, prototyping, devel-
opment, testing, and deployment. Initially, all
work was carried out in a local environment,
using XAMPP software to manage the web serv-
er, the database server, and related services in
order to ensure an isolated and controlled de-
velopment environment'!. During this phase,
fictitious databases were used to represent re-
al-world scenarios without compromising sen-
sitive information.

The initial planning stage consisted of de-
fining the system’s objectives and requirements,
aligned with the needs identified in the mapping
of the macroprocess and subprocesses. Based on
this, prototypes were created that visually repre-
sented the system’s interface and functionalities.

During the development phase, frequent
testing was carried out by the developers them-
selves, with the aim of identifying and correct-
ing any errors or inconsistencies in the applica-
tion code. In parallel, periodic meetings were
held with the members of the group that par-
ticipated in the discussion of the processes. In
these meetings, participants tested the system,
analyzed the implemented functionalities, and
suggested improvements or adjustments needed
to make the system more efficient and aligned
with the demands of FO-UFPel.

Community testing with fictitious data

After initial development and validation in
a local environment, the system was installed
on a remote server, enabling access via the in-
ternet. On February 22, 2024, the system was
officially presented to the academic community
of FO-UFPel at an event dedicated to demon-
strating its functionalities and objectives. Si-
multaneously, the testing phase began with the
FO-UFPel community, using fictitious data for
both users and patients in order to identify any
errors, evaluate the system’s performance un-
der real-world conditions, and familiarize users
with the application’s concepts and workflows.

Initial implementation and on-site testing

With the start of the 2024/1 academic semes-
ter, the undergraduate course “Dental Prosthet-
ics Unit III” and the extension project “Implan-
tology for Dentistry Students” were selected to
carry out onsite testing of the system. To enable
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the use of the system, all students and teachers
involved were invited to fill out a form with their
personal data, which was used to create users in
the system. Additionally, all employees work-
ing in the Triage sector were also registered in
the system, ensuring the processing of referrals,
the registration of new patients and the correct
linking between patients and students, as estab-
lished in the flow study.

The onsite testing was conducted on a spe-
cific domain'?, hosted by the provider Host-
inger. For feedback collection, two tools were
made available: a form integrated into the sys-
tem itself, to record errors and send criticisms
or suggestions, and the Hotjar platform, which
enabled screen capture and the sending of com-
ments directly linked to the page or function-
ality where difficulties or inconsistencies were
observed. The errors and suggestions were for-
warded to the developers for analysis and eval-
uation. This stage involved identifying the need
for adjustments to the application code, review-
ing existing functionalities and, eventually, cre-
ating new functionalities aimed at improving
the usability of the system and controlling the
activities performed.

Full implementation

The system implementation was conduct-
ed in a planned and structured manner, fol-
lowing approval by the Departmental Coun-
cil (the highest instance of the Dental School,
where administrative processes are handled) of
FO-UFPel, with the aim of ensuring the effec-
tive integration of the developed functionalities
and their adoption by the academic communi-
ty. To this end, training sessions in the form of
workshops were planned for all users involved,
encompassing both students and different seg-
ments of the institution’s staff.

Evaluation of user perception

An electronic form was made available via
Google Forms to collect user opinions and per-
ceptions about the system in general and specif-
ic functionalities. The questions also addressed
participants’ perceptions regarding the potential
impact on the routines of FO-UFPel. In addi-
tion, open-ended questions were developed
to investigate perceptions about the strengths,
weaknesses, opportunities, and threats relat-
ed to the electronic system. Subsequently, the
responses were grouped and analyzed by the-
matic categories, from which a SWOT matrix

was constructed to systematize the internal
(strengths and weaknesses) and external (op-
portunities and threats) factors pointed out by
the participants®.

The collection of opinions was carried out
anonymously, ensuring that respondents could
freely express their criticisms, suggestions, and
comments about the experience of using the
tool. In addition to the qualitative data collec-
tion, an analysis of data and reports generated
by the system during the implementation peri-
od was carried out. These reports included in-
formation on the activities carried out, such as
the number of patients registered and treated,
the number of referrals made, and the size of the
waiting list; the use of specific functionalities by
users; and the volume of outpatient procedure
reports (Boletins de Procedimentos Ambulatori-
ais — BPAs) recorded (individual care records for
each dental procedure, according to the codes of
the SUS Outpatient Production System).

Results
Flow mapping

The mapping of workflows was successfully
carried out using the BPMN methodology and
the Miro digital platform. The use of these tools
allowed for the creation of a detailed organiza-
tional chart, facilitating the visualization and
organization of information. As a result, it was
possible to obtain a comprehensive and clear
representation of the existing processes in the
institution, from the initial patient care to the
completion of dental treatments, including ad-
ministrative workflows indirectly related to the
care provided. Consequently, a complete flow-
chart was created representing the entire map-
ping process, including the macroprocess and
its subprocesses.

Macroprocess mapping

The macroprocess was defined as the set of
integrated steps that encompass the complete
patient care cycle, from the first contact with
FO-UFPel to the completion of dental treat-
ment, with the possibility of restarting in case
of new demands. The patient-centered approach
revealed important bottlenecks and opportuni-
ties for improvement, mainly related to improv-
ing communication between administrative
and clinical sectors, as well as optimizing the
workforce and allocating human and material
resources.



During the mapping, different main types
of users involved in the system were identi-
fied, namely: students, triage, technical man-
agers (teachers and preceptors), nursing staff,
sterilization, reception, clinic storeroom, main
storage room, and administrator (director and
course board). Each type of user was associated
with different functionalities and access levels,
ensuring that the specific needs of each group
were met.

Mapping of subprocesses (functionalities)

The subprocesses were mapped in detail ac-
cording to the identified need, considering the
different levels of access and the specificities of
each functionality. These subprocesses include
such activities as patient scheduling, appoint-
ment registration, consultation scheduling, clin-
ical procedure registration, certificate issuance,
inventory control of dental materials, and gen-
eration of academic and administrative reports,
among others.

Each subprocess was represented in detailed
flowcharts using BPMN, which allowed for a
clear view of the connections between the dif-
ferent stages. During development, critical areas
requiring greater attention were identified, such
as the lack of standardization in some admin-
istrative procedures and the overlapping of re-
sponsibilities between different user groups. In
addition, relevant variables for each function-
ality were identified, including patient demo-
graphics, clinical history, and specific electronic
medical records for certain specialties.

Validation of flows

The mapped workflows underwent a vali-
dation process through weekly meetings. The
initial meeting included the project’s main in-
vestigator, the Director, and the Vice-Director
of the FO-UFPel. In subsequent meetings, the
group was always expanded to include two new
participants, such as faculty members, admin-
istrative and technical staff, and students. This
composition strategy allowed each meeting to
bring together both members previously famil-
iar with the workflows and people who had no
prior knowledge of them. The strategy of in-
cluding new participants in each round allowed
the workflows to be analyzed from different per-
spectives, ensuring that they met both admin-
istrative and academic needs. At the end of the
validation process, it was found that significant
changes were made to the process flowchart, re-
sulting in the inclusion of new functionalities to
improve the clarity of the steps and optimize the

variables included in each of the subprocesses,
making the system more aligned with the insti-
tution’s real demands.

Development process

The system’s development followed a mod-
ular approach, allowing new functionalities to
be easily incorporated as the institution’s needs
evolve. This flexible architecture ensured that
the system efficiently met current demands, but
it also allows for the expansion and develop-
ment of new tools according to future demands,
or even an expansion or adaptation for other
health-related courses, other institutions, or dif-
ferent public health contexts.

From the point of view of system architec-
ture, technologies widely used in web devel-
opment were employed to ensure accessibility,
efficiency, and scalability, such as HTML5 (Hy-
pertext Markup Language)' and CSS3 (Cas-
cading Style Sheets)' to structure and style the
graphic interface, focusing on usability and re-
sponsiveness for different devices. JavaScript'®
was used to implement dynamic interactions
and asynchronous requests to the back-end,
aiming to optimize user experience. In the
back-end, the PHP (Hypertext Preprocessor)
language was chosen to create a robust API (Ap-
plication Programming Interface) that manages
communication between the front-end and the
database, processing requests and operations for
reading, writing, updating, and deleting data,
with responses structured in JSON (JavaScript
Object Notation) format. For data storage, a re-
lational SQL (Structured Query Language) da-
tabase was adopted, with planned modeling to
ensure integrity, consistency, and performance,
in addition to the creation of indexes to opti-
mize frequent queries and ensure the scalability
of the system.

Community testing with fictitious data

To assist in the testing phase with fictitious
data, channels were created on the social media
platforms Instagram and YouTube with self-ex-
planatory videos of the system’s functionalities
(https://www.youtube.com/@OxigenioUFPel).
This simulation environment was essential
for users to understand the system’s workflow,
identify potential difficulties, and clarify doubts
before using it in a real-world context. However,
despite constant outreach, participation in this
testing phase was low.

(53}
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Initial implementation and onsite testing

During the initial phase of system imple-
mentation, the personal data of patients who
were already receiving care at FO-UFPEL, and
which were stored in a repository in the Triage
sector, were migrated to the system’s database.
The import covered 20,544 existing entries.
However, 5,416 entries with duplicate individ-
ual taxpayer identification number (CPF) reg-
istrations were identified, resulting in a total of
15,128 patients registered in the system.

Next, the Triage sector’s waiting list control,
which until then had been done using Microsoft
Excel spreadsheets, was imported into the sys-
tem. This import allowed for the unification of
6,321 referrals to different specialties. However,
several duplicate entries for the same CPF in the
same specialty were also identified. These dupli-
cate referrals were forwarded to the triage sector
for manual verification.

Finally, a data synchronization feature was
created with the UFPel academic system in or-
der to automatically register new users, subjects
offered per academic period, and the list of stu-
dents enrolled in the different subjects of the
Dentistry course.

A total of 89 occurrences were received, in
addition to several suggestions to adjust func-
tionalities or the need to create new functional-
ities due to the specificity of different academic/
administrative activities. These occurrences
were then reviewed by the developers and con-
tributed to the revision of the macroprocess and
to the development of specific functionalities
for the inclusion of a free and informed consent
form (FICF) that covered the needs indicated
by the General Data Protection Law (Lei Geral
de Protegdo de Dados - LGPD)®, which was re-
viewed and approved by the FO-UFPel Depart-
mental Council.

Full implementation

Considering the low community partici-
pation during the testing phase with fictitious
data, great emphasis was placed on conducting
training in workshop format. Training sessions
were conducted in two-hour sessions, adapted
to the specific needs of each audience. All un-
dergraduate classes at FO-UFPel and the pro-
fessors responsible for clinical disciplines and
internships participated in the training, which
addressed, in a practical way, the main func-

tionalities of the system. In addition, specific
training was carried out for professors, admin-
istrative technicians, and support teams, such as
the radiology sector, to ensure the effective use
of the system’s tools related to their duties. These
training activities proved essential to ensure the
leveling of users and to promote greater reliabil-
ity and adherence to institutional needs during
the definitive implementation of the system.

Tables 1, 2, and 3 present the quantitative re-
sults related to the full implementation during
the period of approximately six months (No-
vember 2024 to April 2025). However, consider-
ing that errors could occur during implementa-
tion, it was recommended that all physical and
electronic records/forms be completed so that,
in case of errors in testing the electronic system,
there would be no damage to patient data or to
the care provided.

Evaluation of user perception

Table 4 presents user perceptions of the
initial implementation of the electronic infor-
mation management system. The data indicate
a divided perception regarding individual and
institutional efficiency: 36% of participants re-
ported improvements in their own activities,
while 32% disagreed or strongly disagreed. For
the efficiency of the Dental School, the positive
perception was slightly lower (32%), with 34%
remaining neutral. Despite this, participants
demonstrated greater optimism regarding the
system’s potential: 50% believe it can reduce
waiting lines and increase the effectiveness of
services, and 46% see a positive impact on stu-
dent learning. The system’s usefulness in insti-
tutional management (inventory, waiting lines,
referrals) was widely recognized, with 76%
agreeing or strongly agreeing.

The analysis of the responses obtained in
the questionnaire applied to system users also
allowed us to identify the main internal and
external factors that impact the implementa-
tion process. Chart 1 presents a SWOT matrix,
summarizing the strengths, weaknesses, oppor-
tunities, and threats associated with the adop-
tion of the electronic system at FO-UFPEL. The
data highlight the potential of digitalization to
improve organization, information security,
and integration between sectors, but also reveal
challenges, including structural limitations and
resistance to change.



Table 1. Description of administrative and academic records during the full implementation phase of the
Electronic Clinical Information Management System at a dental school - 2025.

In loco testing 6 months of implementation
Administrative records
Patients 18,955 20,234
Users 675 783
Appointments 2,260 6,462
Outpatient Procedures Bulletin (BPA) 4,457 13,030
Services provided 2,142 5,381
Internal regulations processed 391 1,387
Referrals processed 1,020 2,366
Sterilization entries/exits 333 3,581
Academic records
Student/patient link
Total 1,099 2,574
Active 888 1,081
Inactive 211 1,493
Evaluation of services 1,668 4,761

Source: Authors.

Table 2. Description of patient-related records during the full implementation phase of the Electronic Clinical
Information Management System at a dental school - 2025.

Inloco 6 months of
testing  implementation

Patient-related records

Interactive interview 140 408
Odontogram 30 44
Treatment plans 256 522
Removable partial denture planning 49 78
Intra-radicular retainer 7 10
Fixed prosthesis 2 4
Endodontics 24 72
Attached exams 797 2,990
Inclusion of Free and Informed Consent Form (FICF) in accordance with 638 1,412

the General Data Protection Law (LGPD)

Source: Authors.

Discussion

Table 3. Description of data related to the waiting list during
This study aimed to describe the development the full implementation phase of the Electronic Clinical
and implementation of a patient information Information Management System at a dental school - 2025.

system at a Brazilian public university. Unlike In loco 6 months of
other countries, which have laws that encourage testing  implementation
the digitization of health records?, there is still ~ Waiting List

no electronic medical record tool or system that Total 10,198 12,173

is suitable for the daily routine of Dental Schools On hold 6,218 5,867
and/or Courses. Specifically regarding medical In progress 1,283 2,403
records, different types of data collection are Discharged L,105 1,321
mentioned in the literature, ranging from direct Cancelled 1,066 1,629
typing into the system, electronic transcription Abandoned/withdrawn 17 65

from audio recordings, and copying data from  Source: Authors.

~
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physical medical records. The system described
in this study adopted the direct typing strategy,
which, despite being considered the least effi-
cient strategy, is the most commonly used*.

Although the rates of missing data in elec-
tronic medical records can also be high®, the
literature reports that lower rates of informa-
tion loss are found in electronic medical records
when compared with paper medical records*?*.
It is well-known that there are high percent-
ages of agreement when both forms of patient
records are performed®, indicating that, when-
ever possible, institutions should migrate to this
form of record-keeping. Furthermore, the use of
electronic health records allows for the unifica-
tion of clinical data and patient examinations,
as well as simultaneous access by different us-
ers. This is a significant factor, as it enables rapid
access to information, care coordination, error
reduction, improved clinical and administra-
tive decision-making, optimized management
of waiting lists, data security, and integration
with the University’s academic system®. These
benefits align with the constitutional principles
of economy and efficiency®, contributing to a
more efficient and higher-quality provision of
healthcare services.

The implementation of electronic informa-
tion systems can be affected by the format of the
proposed system, and collaborative develop-

ment with the healthcare professionals who will
use it can facilitate the incorporation of all rele-
vant outcomes, usability, and clinical routines®.
The structured approach to implementation,
combined with training and support for users,
allowed the system presented in this study to be
efficiently integrated into the academic and ad-
ministrative routines at FO-UFPel, contributing
to the consolidation of planned workflows and
to the improvement of user experience when
using the tool.

According to user perception, the analysis
of the data obtained led to the identification of
areas for improvement and necessary adjust-
ments to ensure the continuous evolution of the
system and its alignment with the demands of
FO-UFPel, but more importantly, it highlighted
the importance of conducting periodic training
sessions as a tool for training and to facilitate the
use of the system. Although the perception re-
sults were mostly positive, the qualitative anal-
ysis identified users with perceptions ranging
from completely favorable to reluctant to use the
system, with questions related to the difficulty of
use and the system’s security. In a similar study
conducted with nurses, Tubaishat”” identified
similar perceptions, suggesting that these prob-
lems may be related to problems with the system
itself or to a lack of training. In this sense, our
results reinforce the aforementioned findings,

Table 4. User perception after the initial implementation phase of the Electronic Clinical Information

Management System in a dental school - 2025.

Strongly Agree  Neutral Disagree S‘frongly
agree disagree

Have you noticed any improvement in the 12% 24% 28% 28% 8%
efficiency of your activities after implementing
the system?
Have you noticed any improvement in the 10% 22% 34% 30% 4%
efficiency of the Dental School’s activities after
implementing the system?
Do you believe the system can be useful for 20% 30% 36% 12% 2%
reducing waiting lists and improving the
resolution of dental cases handled?
Do you believe the system can be useful for 18% 28% 44% 8% 2%
improving the learning of Dental School
students working in clinics?
Do you believe the system can be useful to 36% 40% 24% - -
better manage the activities carried out by the
Dental School (inventory control, waiting list
control, referrals, patient care, etc.)?
Do you believe that periodic training is 50% 44% 2% 2% 2%

important to improve the use of the system?

Source: Authors.



Chart 1. SWOT matrix regarding the implementation of the Electronic Clinical Information Management

System in a dental school - 2025 (n = 150).

STRENGTHS

WEAKNESSES

- Reduced waiting times and increased efficiency in
service

- Lack of computers, tablets, and adequate physical
infrastructure in clinics

- Elimination of lost medical records and paper
savings

- Unstable internet connection; power outages

- Remote access to information, single and
centralized history

- Lack of training and resistance from users

- Faster service and record keeping

- System still in the adaptation and partial
implementation phase

- Standardized organization of clinical and
administrative workflows

- Incomplete and inadequate completion due to lack
of culture and commitment

- Robust base for generating epidemiological and
administrative data

- Difficulty completing forms via mobile phone;
absence of an application

- Communication and integration among
departments, students, patients, and professors

- Low adoption rate among older users

- Security and traceability of clinical and academic
data

- Lack of clarity regarding profiles and permissions
within the system (e.g., radiology, sterilization)

- Greater control over treatments, referrals, and use
of materials

- Overload of tasks and a feeling of function
replacement by automation

- Transparency and ease of accountability to public
bodies (SUS, city hall)

- Lack of alignment among triage, teachers, and users

OPPORTUNITIES

THREATS

- Creation of a large database for teaching, research,
and management

- Digital security risks (e.g., hackers, backup
integrity)

- Possibility of using data for planning and strategic
decision-making

- Low adoption or continuous resistance can
compromise the system's effectiveness

- Strengthening the institutional image through
modernization and innovation

- Dependence on still fragile technological
infrastructure

- Optimization of purchases, inventory control, and
use of materials

- Hasty implementation without full engagement
from professionals

- Monitoring and improvement of patient satisfaction

- Disorganization in clinical routine if there is no
adequate standardization and oversight

- Recording of care for audits and quality indicators

- Institutional culture still rooted in the paper/
manual model

- Implementation of an app or mobile interface to
facilitate field use

- Possible increase in bureaucracy if the system is not
user-friendly

- Consolidation of a single, secure medical record
with restricted and validated access

- Conflicts over responsibilities in filling out and
approving information

Source: Authors.

with 94% of respondents believing that periodic
training is important to improve the use of the
system. The implementation of an electronic
data management system also enables signifi-
cant progress in the organization and efficiency
of the Dental Specialty Centers (Centros de Es-
pecialidades Odontolégicas - CEOs) within the
Dental School, by allowing for the precise and
real-time recording of procedures performed, as
well as a detailed monitoring of care data and
waiting lists. This computerization contributes
to a more reliable accounting of the activities

carried out, thus favoring transparency and ev-
idence-based decision-making. Furthermore,
improved management can enable the CEO to
change levels, according to the criteria of the
Ministry of Health, allowing for the expansion
of services offered and an increase in the fund-
ing allocated to the institution, in turn strength-
ening its capacity to provide care and its impact
on the oral health of the population. The com-
bination of qualitative evaluation, through user
perception, and quantitative analysis, based on
data extracted directly from the system, was es-
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sential to understand the scope of the changes
promoted by the implementation of the Oxygen
system.

Although the results demonstrate that the
system had a strong impact on improving den-
tal healthcare services for the population, some
limitations were identified and should be con-
sidered by managers seeking to computerize
Dental Schools or Basic Health Units (BHUs).
In this sense, although the creation of manda-
tory fields has the positive aspect of preventing
the loss of relevant information, several studies
suggest that the increased time spent filling out
electronic medical records can negatively im-
pact the quality of care provided?**.

Finally, future perspectives include the use
of machine-learning and artificial intelligence
(AI) tools to predict demands, service-related
costs, and automated analyses of flows and data
accounting. In addition, there is a prospect of
developing new functionalities and adapting the
system so that all of the Unit’s needs can be met.

FO-UFPel is part of the SUS service net-
work, registered with the Ministry of Health as
a Type I CEO. Therefore, it acts as a referral cen-
ter for dental specialties in the municipality of
Pelotas and receives patients referred by the mu-
nicipality’s regulatory system. This electronic
information management system has improved
the monitoring of the therapeutic itinerary of
patients accessing FO-UFPel via municipal reg-
ulation until clinical discharge. As it is a teach-
ing clinic, numerous internal referrals are made
between different disciplines and specialties. It
is possible to speculate that, with this electron-
ic system, the management of waiting lists for
different specialties will be more efficient, thus
reducing the number of duplicate requests, and
monitoring requests throughout all clinical
events will enable a significant increase in the
number of completed requests and/or patients
discharged. Furthermore, improvements were
observed in communication between the triage
sector and the students, and between the mu-
nicipal regulatory system and FO-UFPel, as well
as in accountability and productivity.

The electronic information management
system has implemented modules that allow for
the detailed recording of patients’ oral health
conditions and represents important advances
compared to other health information record
systems that restrict patient-student linking,
lack a subject evaluation system, and do not
have specific clinical examination modules. The
evaluation of students and teachers incorporat-

ed by the system is also an extremely import-
ant innovation for teaching clinics, which also
has the prospect of being used as a reference for
patient information record systems, such as eS-
US-AB.

A possible example of the applicability of the
current information system could be the Mais
Médicos (More Doctors Program, which cur-
rently has 28,000 positions for doctors in Brazil.
These doctors are hired and required to undergo
supplementary training and receive visits from
tutors. Although supplementary training is
mandatory, there is no effective way to monitor
the clinical performance of these professionals®.
This gap can also be observed for the thousands
of multidisciplinary or family and community
medicine residencies distributed throughout
the country. In this respect, modules that allow
for monitoring and interaction within an elec-
tronic medical record could bring significant
advances in the training of these professionals
and in the quality of care.

Limitations in the development
and implementation of the tool

The following limitations of the tool can be
listed: 1) an internet connection is required for
the tool to run. Additionally, it requires space
on online cloud services for the system to store
the entered data, resulting in additional service
costs; 2) for the implementation phase, exten-
sive training is necessary for all those involved;
and 3) the lack of certification for electronic
health record systems is a potential limitation.
Although the Federal Council of Dentistry does
not require or regulate this, such certification
could be important to improve data quality and
information security in the future.

Conclusion

Considering the quantitative results combined
with the favorable perception of users, it can be
concluded that the system demonstrates viability
and effectiveness for academic and administra-
tive management. However, to guarantee the full
functioning and sustainability of the system, it is
essential to carry out periodic training and ca-
pacity building, as well as establish institutional
regulations that ensure adherence to the estab-
lished workflows. In this way, it will be possible
to avoid breakdowns in processes and guarantee
the uniformity and efficiency of operations.
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