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Abstract

In recent years, Mypes in the health sector have been affected by the SARS-CoV-2 virus, which allowed the
identification of certain deficiencies present in the service model. This case study focuses on dental centers because
according to research, it is one of the areas with the highest risk of contagion, which is why they saw the need to
implement new procedures that guarantee the safety of the service, which decreased their operational performance.
This article proposes an integrated application of Lean Healthcare in a dental center, managing to improve its
performance through the measurement of KPI's. The Lean Healthcare application improved the performance of dental
centers, which was evidenced by the results of indicators such as decreased cycle time and waiting time.
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1. Introduction

On March 11, 2020, the World Health Organization declared a health pandemic caused by COVID-19 [1].
Consequently, the Peruvian government promulgated, on March 15, through Supreme Decree No. 184-2020-PCM,
mandatory social immobilization. This measure had various multisectoral impacts, where the most affected were small
and medium-sized companies.

In Peru, MYPES represented 19% of GDP in 2019, reaching a sale of 148,276 million soles and employing 8.75
million workers; therefore, they are classified as key pieces of the country's economy. However, in 2020, they
represented 8% of GDP, which reduced their contribution by 57.9% compared to the previous year [2]. MYPES in the
health sector have not been indifferent to these impacts; for example, dental centers have been pointed out as potential
points of contagion, this because dental procedures have a high risk of infection by Covid-19 and dentistry has been
identified as one of the professions with the highest risk of infection [3]. For this reason, dental centers are obliged to
follow the procedures issued by the Colegio Odontoldgico del Pera (COP) to act during the health emergency caused
by COVID 19 and after it, because the procedures that they carry out daily expose them to contaminating particles
that affect the staff health.

This has led to an accidental rethinking of the service model offered, generating increased waste, disorganization,

increased waiting time for patients and a longer cycle time. This change in the model has highlighted and aggravated
the current operational problems, that translate into a decrease of the capacity service.
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In line with the above, this research aims to improve the performance of dental centers, through the application of the
Lean Healthcare methodology. Regarding this objective, the general hypothesis is that using a Lean Healthcare
management model optimizes the performance of dental centers.

Finally, to be sure about the accomplishment of the general objective, it is divided in 3 items: efficient use of
workspace, reduce the cycle time and decrease "the waste" of the service model.

1.1 Objectives
o Efficiently use the work area.
e Reduce service model cycle time.
e Reduce “waste” in the service model.

2. Revision de la literatura

2.1. Lean Health care

Lean, is a work methodology originated in Toyota, which specifies how to improve and optimize systems with a focus
on the identification and elimination of all kinds of ‘waste’. Lean Healthcare is aimed at achieving efficiency in health
services, looking for alternatives to improve traditional methodologies to reach a leaner process in the customer
service, achieving a decrease in lead time (Rodrigues & Tobal 2018).

According to Cohen, the final objective of this philosophy is to create a lean focus in health care, looking for new
ways to redesign clinical processes to reduce the resources used providing simplified and effective care (Cohen, 2010).

2.2. 58S in healthcare centers

The 58 tool corresponds to the Japanese initials of the five words that define it: seiri, seiton, seiso, seiketsu, shitsuke;
which mean, respectively, eliminate the unnecessary, order, clean and inspect, standardize and discipline; therefore,
this tool implies the systematic use of the principles of order and cleanliness in the workplace (Hernandez & Vizan,
2013, p. 36).

According to José Cardenas, in his study carried out in the San Juan de Lurigancho clinical laboratory, the purpose
of implementing a 5'S methodology is to reduce the error rate in the delivery of results, the reduction in the delivery
of materials. From the implementation, a greater traceability in the process was observed, and the handling of
instruments, achieving an increase in productivity from 44.4% to 70% (Cardenas 2021).

2.3. VSM

Value Stream Mapping (VSM) is a graphic model that represents the value chain and shows the materials flow as
well as information. This tool facilitates the identification of activities that don’t add value to the business to
eliminate them and gain efficiency. In addition, among its main benefits, are the greater visualization of the process.
Obtaining from a structured system to implement improvements; and vision of what the ideal system should be like
(Hernandez & Vizén 2013, p. 90-91).

3. Método

The method is based on the collection and study of scientific articles related to our case study as shown in Table 1,
to take these proposals as references in which the main Lean Healthcare tools are used and be able to make our
contribution, selected.

© IEOM Society International 1089



Proceedings of the 4" Asia Pacific Conference on Industrial Engineering and Operations Management
Ho Chi Minh City, Vietnam, September 12-14, 2023

Table 1. State of the art
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3.1 Modelo Propuesto

In this case study, the application of Lean Healthcare tools is carried out where the object of the research is a dental

center. This analysis is focused on improving the performance of the object of study.

Provide a work model applying Lean Healthcare focused on dental centers (Peruvian MYPES), given that today the

evidence of the application of this methodology in Latin America is scarce.

This study follows the DMAIC methodology (define, mesuare, analyze, improve, control) through its five main stages,

which are detailed below:
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Figure 1. Design Model

3.1.1 Phase 1: Define

Se evalia el estado del arte de las herramientas Lean Healthcare en el Pert y en el mundo para conocer la situacion
actual de sus aplicaciones. Posteriormente se recopila la data historica del objeto de estudio y se identifica el flujo de
proceso, mediante un flujograma del servicio, esta informacion ayuda a establecer correctamente los Key Performance
Indicator (KPI The state of the art of Lean Healthcare tools in Peru and in the world is evaluated to know the current
situation of their applications. Subsequently, the historical data of the object of study is collected and the process flow
is identified, through a service flowchart, this information helps to correctly establish the Key Performance Indicator
(KPI).

Table 2. Key Performance Indicators

Parametric Indicators Equation
Cycle time > standard time
Waiting time > standard waiting time
Workspace usage percentage Total work area used / Total work area
Service capacity Productive time available per day/ cycle time
Number of claims > Total claims

3.1.2 Phase 2: Measure

Value Stream Mapping (VSM) is done where a time study is carried out to quantify cycle time waiting time. The
identified VSM is classified as "VSM As Is" because it reflects the current state of the object of study, it serves as an
input for the measurement of the established KPIs that facilitate subsequent analysis.

3.1.3 Phase 3: Analyze

The initial indicators are analyzed, the Pareto chart is elaborated to identify the most relevant problems and the
Ishikawa diagram is made in order to determine the main causes of these. Likewise, it is evaluated how the future
process flow should be, which is cataloged as "VSM to be". Finally, at this stage the plan is designed to achieve the
proposed VSM. At this stage, the following objectives of the key indicators were established:

e Cycle time: it is expected to decrease by 30% compared to the initial indicator

e Waiting time: a maximum reduction in this indicator is expected in order to reduce the time used in activities
that do not add value to the customer.

o Percentage of use of the work area: it is expected, at least, to reduce this indicator to 60%, since this way it will
be possible to have the necessary space to position the materials and instruments that the dentist will use for
each particular treatment.

e Service capacity: it has been measured based on the dental filling procedure, managing to have 9 dental fillings
per day, it is expected to increase by at least 30%.

e Number of complaints: this indicator is expected to be minimized to improve the company's reputation.

3.1.4 Phase 4: Improve

The implementation of improvement activities for the process flow is carried out, accompanied by an improvement in
the organization of the dental center, through the application of the 5S methodology, in order to reduce the search
times for dental materials and instruments that increase waiting times in the flow.

3.1.5 Phase 5: Controller

The future VSM is prepared with the new cycle times obtained after implementing the improvements, in order to carry
out continuous monitoring. In this way, the improvement is controlled based on the results obtained in the
measurement.

Likewise, in this stage, the final indicators are measured, and the results obtained are analyzed, the relationship
between the dependent and independent variable is evaluated and, finally, the hypotheses are validated.
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Table 3. Key Performance Indicators

Parametric Indicators Algorithm
Cycle time Z Standard. total time
Wait time Z Standard time.wait time

Total work area used
Percentage of use of work area

Total work area

Productive time available per day
Cycle time

Service Capacity

Number of claims Z total claims

4. Data collection

The dental center presents various procedures that are performed daily; For this reason, a data collection was carried
out during the period January - August 2022 and it is corroborated that the procedure that had the most demand was
that of cures, for which the present work focuses on this procedure.

Immediately afterwards, an Ishikawa diagram was made with the purpose of finding the root causes of the main
problem.

ENVIRONMENT MACHINE STAFF
High number of claims Obsolete machines
Delay in customer service
Equipment in

Lack of storage space inappropriate Tnefficient use of workspace
places

Poor performance of the
dental center

Non - compliance with the care
schedule

The cycle time of the procedures
has not been mapped

Materials loss

An organization method does not exig
Delay in the search of materials

MEASURES METHODS MATERIALS

Figure 2. Ishikawa's diagram

Also, within 15 days, the number of days in which the problems were present was quantified, considering these data,
a Pareto Diagram is made, which is shown below.
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Pareto Chart
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Figure 3. Pareto chart

Considering the findings found, we proceed to consider, to be solved, the problems that are within the top 80% because
they are the most relevant.

5. Results and discussion

5.1 Results and discussion

Based on the implementation that was carried out in the present case study, it can be indicated that the application of
this methodology improved the performance of the company since it decreased the cycle time, the waiting time, the
percentage of use of the work area, the number of claims and improved service capacity.

Barros et al. (2022) identified in their research waste generated and related to the prolonged waiting time that a patient
received, which is concomitant with results obtained in the present investigation in the application stage of the 5S
methodology. On the other hand, Kanamori et al. (2015) managed to create changes in the work environment,
improvements in the quality of the service and in the attitude of the collaborators, the aforementioned is reflected in
this investigation in the decrease in the number of claims and in the satisfaction of the workers.

In the same way, in the study developed by Garcia & Montenegro (2021), this methodology was implemented,
managing to increase productivity and reduce waiting time, likewise, in the article by Vidal, Garcia & Marin (2022)
it was possible to reduce waiting times. waiting time and non-value-added activities, these results are analogous to the
results obtained in this research regarding these same variables, which corroborates that the implementation of Lean
Healthcare improves the performance of companies.
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5.2 Graphic Results

With the new measurement of time that is carried out after the implementation, the VSM shown below was carried

out.
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Filling the dental Schedul 2l
Patient record Dentist review Service payment £ - cne _u e ne
cavity appointment
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Cycle time: 41.83
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VA 41.83 min. | NVA: 0.48 min. | NNVA: 0.00 min.

Figure 4. Final State

5.3 Proposed Improvements
The solutions that were proposed to each of the root causes are presented below.

Table 4. Root causes and solutions

Root Causes
Delay in the search for materials
Delay in patient care
Lack of storage space
Equipment in inappropriate places
Obsolete Machines
Inefficient use of work area
There is no method of organization
Failure to comply with the care schedule
The cycle time has not been mapped

Solutions

5S methodology

Virtual Diary
Value Stream mapping
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5.4 Validation
The comparison of the current indicators with respect to the initial ones was made and compliance with the
indicators was verified.

Table 5. Comparison of KPI’s

Indicator Initial | Current| Expected Compliance
. 97.68 | 41.83 o -57.18%
Cycle time -30% (accomplished)
Wait time 11.64 | 048 Min. (accomplished)
Percentage of use of work area 73 55 60 (accomplished)
. . 7.37 17.21 o +133.51%
Service Capacity +30% (accomplished)
Number of claims 3 1 Min. (accomplished)
Percentage of compliance with the 5S 88.8%
Methodology

The results obtained reach a 133.51% increase in service capacity, which represents a total care level of 17 patients,
obtaining an increase in patient care of 10. According to these results and considering approximate costs of the
company, an economic impact of approximately 71.43% of the sales level is estimated and this increases the Net
Margin by 19.49 percentage points with respect to the previous one.

For the simulation in @Risk, 5000 tests were used, where 2 input variables were considered: sales, which follows a
triangular distribution; and cost of sales, which follows a uniform distribution. Likewise, the output variable is net
profit.
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Figure 5. Rentability Simulation in @Risk

Considering the values obtained in @Risk, a comparison of the previous scenario with the current one was made,
obtaining the following results:
Table 6. Rentability Analysis

Before Now

Patients attended 7.00 12.00
Sale Price 70.00 70.00
Variable Cost 5.00 5.00
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Fixed Cost 5500.00 5500.00
Total Cost 37.74 24.10
Net Profit 32.26 45.90

Net Margin 46.09% 65.58%

6. Conclusion

In this case study, it was identified that the healing procedure is the most frequent; Therefore, the improvements
focused on the service flow of this. However, many of the improvements impact the service flow of the other
procedures.

In line with what was mentioned, there were quantifiable and non-quantifiable root causes, of which all the non-
quantifiable ones were solved and the most relevant 80% of the quantifiable ones were selected. These root causes
were reflected in the long waiting time of patients; inefficient use of the work area, low service capacity and high
number of claims, for these inputs the 5S and VSM tool was selected, although the use of each tool was specifically
established for each input, they had a synergistic effect.

The deployment of this research followed the DMAIC methodology, which established the stages to follow in logical
sequence to achieve improvements, it can be concluded that the use of this methodology helped to maintain order and
continuous monitoring throughout the research process.

Finally, it was evidenced that these improvements had a positive impact on the financial results of the company,
obtaining an increase of 19.49 percentage points in the net margin, for which a demand of 12 patients per day was
considered. Likewise, the service capacity amounts to 17 patients; Therefore, if efforts are made to increase demand
and work at 100% of its capacity, a net margin of 73.60% would be reached, which increases by 8.02 percentage
points with respect to the margin obtained with 12 patients.

Referencias
Arias Gonzales, Jose. , Proyecto de Tesis guia para la elaboracion,2021.

Curay, T., Koo, V., Cubas, K., Huanca, K, Lopez, W., Barturen, E., Damian, J., & Ladera, M., COVID-19 y su
impacto en la  odontologia. Revista  Estomatolégica  Herediana, 31(3), 199-207,  2021.
https://dx.doi.org/10.20453/reh.v31i3.4050 Demor

Cohen, R. I., Lean methodology in health care. Chest, 154(6), 1448-1454,2018.Topics in Practice Management.
https://doi.org/10.1016/j.chest.2018.06.005

de Barros, L. B., Caldas, L. P., Bohomol, E., Sarantopoulos, A., Minatogawa, V., & Gasparino, R. C. , Evaluation of
waste related to the admission process of low-complexity patients in emergency services, in light of the lean
healthcare philosophy. International Journal of Environmental Research and Public Health, 19(12), 2022.
https://doi.org/10.3390/ijerph19127044

ESAN Graduate School of Business. (2018, 16 de octubre). Los beneficios del Lean Healthcare en hospitales.
https://www.esan.edu.pe/conexion-esan/los-beneficios-del-lean-healthcare-en-
hospitales#:~:text=En%?20este%20sentido%20es%20que,resultados%20positivos%20a%20los%20paciente
S.

Garcia, S., & Montenegro, D., Implementation and evaluation of lean healthcare tools through the FlexSim simulator.
Paper presented at the Proceedings of the LACCEI International Multi-Conference for Engineering,
Education and Technology,2021-July . https://doi.org/10.18687/LACCEI2021.1.1.594

Hernandez, J., & Vizan, A. (2013). Lean Manufacturing Conceptos, técnicas e implantacion. Medio ambiente
industria y energia.

Hernandez Sampieri, R., Mendoza Torres, C. P.(2018). Metodologia de la investigacion: las rutas cuantitativa,
cualitativa y mixta. McGraw-Hill. http://www.ebooks7-24.com.ezproxy.ulima.edu.pe/?i1=6443

Indrawati, S., & Madarja, E. R., Lean healthcare improvement model using simulation-based lean six-sigma and
TRIZ. Mathematical Modelling of  Engineering Problems, 9(3), 849-855,2022.
https://doi.org/10.18280/mmep.090335

© IEOM Society International 1096


https://dx.doi.org/10.20453/reh.v31i3.4050
https://www.esan.edu.pe/conexion-esan/los-beneficios-del-lean-healthcare-en-hospitales#:%7E:text=En%20este%20sentido%20es%20que,resultados%20positivos%20a%20los%20pacientes
https://www.esan.edu.pe/conexion-esan/los-beneficios-del-lean-healthcare-en-hospitales#:%7E:text=En%20este%20sentido%20es%20que,resultados%20positivos%20a%20los%20pacientes
https://www.esan.edu.pe/conexion-esan/los-beneficios-del-lean-healthcare-en-hospitales#:%7E:text=En%20este%20sentido%20es%20que,resultados%20positivos%20a%20los%20pacientes
http://www.ebooks7-24.com.ezproxy.ulima.edu.pe/?il=6443
https://doi.org/10.18280/mmep.090335

Proceedings of the 4" Asia Pacific Conference on Industrial Engineering and Operations Management
Ho Chi Minh City, Vietnam, September 12-14, 2023

Kanamori, S., Sow, S., Castro, M. C., Matsuno, R., Tsuru, A., & Jimba, M. , Implementation of 5S management
method for lean healthcare at a health center in senegal: A qualitative study of staff perception. Global Health
Action, 8(1),2015. https://doi.org/10.3402/gha.v8.27256

Lehto, M. R., & Landry, S. J. , Introduction to Human Factors and Ergonomics for Engineers. Taylor & Francis Group,
CRC Press. ISBN-10 : 1439853940, ISBN-13 : 978-1439853948,2012

Organizacion Mundial de la Salud (2020, 27 de abril). COVID-19: cronologia de la actuacion de la OMS.
https://www.who.int/es/news/item/27-04-2020-who-timeline---covid-19

Peimbert, R., Gutierrez, L., & Garcia, H. Applying Lean Healthcare to improve the discharge process in a mexican
academic medical center. Sustainability 2021,13,1091 1. https://doi.org/10.3390/su131910911

Ruiz de Arbulo Lopez, P. (2007). Gestion de Costes en Lean Manufacturing. La Coruiia: Netbiblo S.L.

Sociedad de Comercio Exterior del Perti. (2021, 18 de junio). El numero de MYPES peruanas se redujo un 48.8% en
2020 'y la informalidad paso al 85% como  consecuencia de la  pandemia.
https://www.comexperu.org.pe/articulo/el-numero-de-mypes-peruanas-se-redujo-un-488-en-2020-y-la-
informalidad-paso-al-85-como-consecuencia-de-la-pandemia

Vidal-Carreras, P. 1., Garcia-Sabater, J. J., & Marin-Garcia, J. A., Applying value stream mapping to improve the
delivery of patient care in the oncology day hospital. International Journal of Environmental Research and
Public Health, 19(7),2022. https://doi.org/10.3390/ijerph19074265

Biography
Amelia Arias began her studies at the Universidad de Lima in 2018. She will receive a bachelor's degree in industrial
engineering in April 2023. Also, she works in a construction finishes company, which allows her to gain experience.

Rosario Valero began her studies at the Universidad de Lima in 2018. She will receive a bachelor's degree in industrial
engineering in April 2023. Also, she works in a textil company, which allows her to gain experience.

Rafael Chavez is PhD (c) from Universidad Pablo de Olavide - Espafia. Master’s in Strategic Administration of
Companies by CENTRUM Catdlica; MBA in General and Strategic Management from the Maastricht School of
Management from the Netherlands; Industrial Engineer from the University de Lima. Executive with experience in
service, pharmaceutical an telecommunications companies, in commercial, quality, and operations areas. Consultant
specialized in strategy and business improvement. Associate professor with 15 years of experience in Engineering and
Business. Results oriented leading multidisciplinary teams.

© IEOM Society International 1097


https://doi.org/10.3402/gha.v8.27256
https://www.who.int/es/news/item/27-04-2020-who-timeline---covid-19
https://doi.org/10.3390/su131910911
https://www.comexperu.org.pe/articulo/el-numero-de-mypes-peruanas-se-redujo-un-488-en-2020-y-la-informalidad-paso-al-85-como-consecuencia-de-la-pandemia
https://www.comexperu.org.pe/articulo/el-numero-de-mypes-peruanas-se-redujo-un-488-en-2020-y-la-informalidad-paso-al-85-como-consecuencia-de-la-pandemia
https://doi.org/10.3390/ijerph19074265

	1. Introduction
	1.1 Objectives
	 Efficiently use the work area.
	 Reduce service model cycle time.
	 Reduce “waste” in the service model.
	2. Revisión de la literatura
	3. Método
	3.1 Modelo Propuesto
	3.1.1 Phase 1: Define
	Se evalúa el estado del arte de las herramientas Lean Healthcare en el Perú y en el mundo para conocer la situación actual de sus aplicaciones. Posteriormente se recopila la data histórica del objeto de estudio y se identifica el flujo de proceso, med...
	3.1.2 Phase 2: Measure
	3.1.3 Phase 3: Analyze
	 Cycle time: it is expected to decrease by 30% compared to the initial indicator
	 Waiting time: a maximum reduction in this indicator is expected in order to reduce the time used in activities that do not add value to the customer.
	 Percentage of use of the work area: it is expected, at least, to reduce this indicator to 60%, since this way it will be possible to have the necessary space to position the materials and instruments that the dentist will use for each particular tre...
	 Service capacity: it has been measured based on the dental filling procedure, managing to have 9 dental fillings per day, it is expected to increase by at least 30%.
	 Number of complaints: this indicator is expected to be minimized to improve the company's reputation.
	3.1.4 Phase 4: Improve
	3.1.5 Phase 5: Controller
	4. Data collection
	5. Results and discussion
	5.1 Results and discussion
	Based on the implementation that was carried out in the present case study, it can be indicated that the application of this methodology improved the performance of the company since it decreased the cycle time, the waiting time, the percentage of use...
	Barros et al. (2022) identified in their research waste generated and related to the prolonged waiting time that a patient received, which is concomitant with results obtained in the present investigation in the application stage of the 5S methodology...
	In the same way, in the study developed by García & Montenegro (2021), this methodology was implemented, managing to increase productivity and reduce waiting time, likewise, in the article by Vidal, García & Marín (2022) it was possible to reduce wait...
	5.2 Graphic Results
	With the new measurement of time that is carried out after the implementation, the VSM shown below was carried out.
	5.3 Proposed Improvements
	The solutions that were proposed to each of the root causes are presented below.
	5.4 Validation
	6. Conclusion
	Referencias
	Biography



