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Abstract

Total Productive Maintenance [TPM] is a continuous
improvement philosophy widely adopted by industry to enhance
production efficiency. Successful implementation of TPM
contributes to increased productivity and, when properly
deployed, nearly eliminates breakdowns, reduces production
stoppages, and aims to achieve zero accidents and zero defects,
while emphasizing worker involvement and commitment.
However, its implementation faces challenges due to the
influence of latent variables that make it difficult to measure its
effectiveness. Therefore, the objective of this research is to
identify and substantiate the Critical Success Factors [CSFs] of
TPM. It is proposed that considering these CSFs can optimize
decision-making, improve quality, increase Overall Equipment
Effectiveness [OEE], and reduce waste and failures.
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Abstract

El Mantenimiento Productivo Total [TPM] es una filosofia de
mejora continua ampliamente adoptada por la industria para
mejorar la eficiencia de la produccion. El éxito del TPM impacta
en el incremento de la productividad y, al desplegarse
correctamente, reduce casi por completo las averias, disminuye
los paros de produccion y busca su objetivo de cero accidentes y
cero defectos, considerando el involucramiento y compromiso de
los trabajadores. Sin embargo, su implementacion enfrenta
desafios debido a la influencia de variables latentes que dificultan
medir su efectividad. Por ello, esta investigacion tiene como
objetivo identificar y fundamentar los factores criticos de éxito
[FCE] del TPM. Se plantea que considerar estos FCE puede
optimizar la toma de decisiones, mejorar la calidad, aumentar la
eficiencia total del equipo [OEE] y reducir desperdicios y fallas.
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Introduction

In the year 2025, Total Productive
Maintenance [TPM] continues to be a highly
demanded topic. According to Google Trends
[2025], interest in TPM ranges between 78% and
100% in search trends. It is worth noting that
successful implementation records date back to
the early emergence of the methodology, such as
the case of Toyota in 1989 [Nakajima, 1989],
and continue with current success stories that
empirically demonstrate its effectiveness
[Gallesi-Torres et al., 2020; Reis et al., 2025].

As mentioned, TPM remains a relevant
topic within the maintenance field, and when
discussing maintenance, one inevitably refers to
production—two inseparable concepts. To
improve production, equipment must be
effective and efficient at all times. Among the
most efficient maintenance theories is TPM,
which i1s commonly developed to increase
productivity [Mutagiem et al., 2022]. When
properly deployed, TPM nearly eliminates
breakdowns, reduces production stoppages, and
aims for zero accidents and zero defects, always
considering worker  involvement and
commitment [Agustiady & Cudney, 2018].

Likewise, TPM is a philosophy that seeks
continuous improvement at all times [ Agustiady
& Cudney, 2018; Rey Sacristan, 2002], which is
necessary to remain competitive in an
increasingly challenging world [ Agung Prabowo
et al., 2020]. The most common condition for
measuring the success of TPM implementation
is through Overall Equipment Effectiveness
[OEE] [Ali, 2019; Bataineh et al., 2019;
Prabowo & Adesta, 2019; San, 2021].

However, beyond exact production
figures, it has been observed that the TPM
philosophy presents greater difficulty in defining
its success due to latent variables that directly
impact implementation effectiveness
[Hernandez et al., 2014; Luis et al., 2012].

It is important to consider these
variables during implementation. Therefore, this
research aims to identify the few but vital
Critical Success Factors [CSFs] to improve the
implementation of the TPM strategy.

Critical Success Factors [CSFs] are those
indispensable elements for achieving the
proposed objective.
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Thus, if the CSFs of the TPM strategy are
known from the beginning of implementation,
there is greater certainty of improving results.
Current studies on CSFs related to TPM lack
general consensus on implementation, as the
causes of effectiveness are multivariate. The
objective of this research is to establish the
theoretical foundations of the CSFs for
successful TPM implementation. Additionally,
previous studies related to TPM philosophy
implementation are analysed, where different
methodologies have been applied.

By contributing a recent list of CSFs in
TPM philosophy, the general hypothesis
emerges: industries that consider these factors
and apply the theory derived from this research
may benefit by improving decision-making
during TPM strategy implementation, enhancing
product quality, increasing overall equipment
effectiveness [OEE], reducing unplanned
machine stoppages, and thereby contributing to
waste reduction, improving the Mean Time To
Failure [MTTF] and Mean Time To Repair
[MTTR] indices.

Article Sections

This article is structured into three main sections:
the first stage, the second stage, and finally, the
results.

- First stage: This stage involves a search
for articles addressing the topic of Total
Productive Maintenance [TPM] and its
factors, using databases that most
effectively present relevant information.
It also includes an exploratory reading of
the selected texts to identify key concepts
related to TPM, followed by a more
detailed review that highlights the
critical factors involved in TPM
development, as well as the different
ways of classifying and defining the
identified Critical Success Factors
[CSFs].

- Second stage: In this stage, the
identified  factors are  organized
according to their priority and frequency
of coincidence among the different
authors.

- Results: The final stage presents the
specific CSFs identified in this research,
along with the construction of their
definitions based on an exhaustive
review of the literature.
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Methodology

A comprehensive literature review was
conducted. ~ This process involved a
bibliographic search following the methodology
proposed by Colicchia & Strozzi [2012].
Various internationally recognized and peer-
reviewed journals were explored, available in
databases such as ResearchGate, ScienceDirect,
Emerald, Google Scholar, IEEE, among others.
Additionally, books supporting the theory and
relevant doctoral theses were included.

As aforementioned, a documentary
research design was used with a critical analysis
of secondary sources, including scientific
articles and specialized studies on CSFs in the
successful deployment of TPM. Furthermore,
criteria were established for literature selection
to ensure the validity and depth of the analysis,
as follows:

- Thematic relevance: Scientific studies
were included, primarily with statistical
support that demonstrate key factors for
determining success in TPM
implementation.

- Timeliness and temporal relevance:
Only publications from the last 9 years
were used to reflect current trends, due to
their impact on today's industry.

- Academic rigor: Articles indexed in
recognized databases such as Scopus,
Web of Science, and institutional reports
with scientific backing were selected.

First Review Stage

The first literature review was based on the
systematic analysis of literature networks
[Colicchia & Strozzi, 2012], examining theory
through various search engines: ResearchGate,
ScienceDirect, Emerald, Google Scholar, IEEE,
among others. A total of 89 articles were found
that mention implementations and
characteristics of the TPM philosophy.
Emphasis was placed on CSFs of TPM reported
in the most recent period, from 2017 to the
present.

Figure 1 shows the number of relevant articles
found by database:

- ResearchGate: 38 articles [highest count]
- ScienceDirect/Elsevier: 21 articles
- Emerald: 1 article
- IEEE: 19 articles
- Other sources: 10 articles
ISSN: 2444-4960.

RENIECYT: 1702902
ECORFAN® All rights reserved.

Database
40 — —

Sciencedirect Others
ResearchGate IEEE Emerald

Figure 1
Search by database
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Source: Own elaboration

From the mentioned articles, those that
reference CSFs in TPM implementation were
selected. It was found that there is a wide
variation in styles for determining them. Mishra
et al. [2021a] used the largest number of factors
in their analysis— 56 factors divided into 7
categories.

However, only 4 of the 7 categories
demonstrated 1mpact on effective TPM
implementation. In contrast, Hooi & Leong
[2017] reported only one: top management
commitment, describing it as the critical success
factor for effective TPM implementation.

Current studies on CSFs related to TPM
lack general consensus on implementation, as
the causes of effectiveness are multivariate and

involve different factors [Gallo & Santolamazza,
2021; Seleem et al., 2018].

Depending on the researchers, decisions
are made to group or not group these factors
when reporting multiple CSFs [Table 1]. That is,
depending on the case, factors are defined as a
category or as individual factors, even though
they can be categorized by nature [Table 1].

Table 1
Grouping of CSFs
\Author[s] |Categories |CSFs
1. Worker resistance.

2. Time to adapt to different
routines.

Pinto et al.

2020 N
[ | one 3. Implementation and

maintenance of new routines.

Organizational,

. Cultural, Organizational

I\;[l;szhra et al. Beh}e]l;l(;ral_, | Cultural 3.

[2021b] Technological, | gepayioral 4. Technological
Operational,
Financial,
Departmental

Gupta et al. 1. Lack of top management

[2015] None commitment

Source: Own elaboration
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Some literature reports CSFs through
empirical TPM implementation and describe
CSFs based on their analysis. In other cases,
literature reviews compile previous research to
identify CSFs based on frequency. Lastly, a
combination of these techniques is used along
with more objective methods such as statistical
analysis and specific parameters to validate
CSFs. The literature reports multiple TPM CSFs
extracted from the first literature review.
Considering that CSFs are temporary by theory,
only articles from 2017 to the present were
analyzed, identifying 43 different CSFs [Table
2].

Table 2
CSFs 2017 - Present

Priority | Critical Factor
Order

1 Attitude of middle management to
empower lower-level workers
Technological aspects
Quality in the production system

4 Shift toward a continuous
improvement mindset

5 Management commitment

6 Organizational communication

7 Connection with strategic objectives

8 Consideration of TPM rules

9 Interdepartmental coordination

10 Education and training

11 Organizational structure

12 Managerial experience

13 Lack of knowledge of quality and
productivity

14 Lack of experience and knowledge

15 Flexibility in the production system

16 Raising employee awareness

17 Resource management

18 Ineffective top management to
execute TPM practices

19 Employee skills

20 Financial limitations

21 Ineffective organization for changes in
employee attitudes

22 Ineffective organization for changes in
work culture

23 Integration and visibility of TPM
objectives, clear understanding of TPM

24 Employee involvement

25 Employees consider TPM as additional
work

26 Poor management attitude toward
other levels

27 Employee motivation

28 Quality perception

29 Strategic planning

30 Preference for traditional practices

31 Employee rewards and promotions

ISSN: 2444-4960.
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32 Relationship between production and
maintenance departments

33 Company resistance to adopting a new
implementation

34 Resistance to change, individual and
organizational

35 Employee resistance to adapting to
new changes

36 Resistance to organizational culture
change

37 Monitoring and evaluation

38 Adequate services for workers

39 System for effectively measuring
organizational performance

40 System for effectively measuring
organizational reliability

41 Time required to adapt to other
routines

42 Sufficient time for
implementation/improvement

43 Teamwork

Source: Own elaboration

Of the 43 identified Critical Success
Factors [CSFs], it is difficult to address each and
every one during the implementation of TPM.
The implementation of TPM philosophy is
inherently a multifactorial issue.

Second Review Stage

From the 43 CSFs identified in the first phase,
they were ordered according to the frequency of
occurrence across different reports. It was found
that only 19 factors coincided in at least two of
the various studies reviewed. Based on the
frequency order, a Pareto diagram was
constructed [Figure 2].

CSF’S, TPM Literature

2017 - 2025

Figure 2
Pareto of the CSF of TPM

Source: Own elaboration

Among the 43 CSFs identified and
ordered by frequency of occurrence across
different authors, Table 3 shows the
prioritization of factors. The first and second
positions correspond to the most frequently cited
factors, as shown in the Pareto diagram [Figure
2]. Likewise, factors ranked from 20 to 43 only
appeared in two sources.
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Table 3

Prioritization of Critical Success Factors

Priority | Critical Factor
Order

1 Top management commitment

2 Education and training

3 Employee involvement

4 Resistance to change in organizational
culture

5 Resistance to change, individual and
organizational

6 Organizational communication

7 Teamwork

8 Technological aspects

9 Strategic planning
Integration and visibility of TPM

10 objectives, clear understanding of TPM

11 Resource management

12 Alignment with strategic objectives

13 Staff motivation

14 Sufficient time for
implementation/improvement

15 Interdepartmental coordination

16 Organizational structure
Relationship between production and

17 maintenance departments

18 Ineffective organization for changes in
work culture

19 Monitoring and evaluation

20 Managerial experience

21 Shift toward a continuous improvement
mindset

22 Lack of knowledge in quality and
productivity

23 Financial constraints

24 Organizational resistance to new
implementation

25 Lack of experience and knowledge

26 Poor attitude of management toward other
levels
Ineffective organization for changes in

27 employee attitudes

28 Employee resistance to adapting to new
changes

29 Time required to adapt to new routines

30 Employees perceive TPM as additional
work

31 Raising employee awareness
Ineffective senior management for

32 executing TPM practices

33 Consideration of TPM rules

34 Middle management attitude toward
empowering lower-level workers
System for effectively measuring

35 organizational performance

36 Employee rewards and promotions

37 Adequate services for workers

38 Quality perception

39 Employee skills

40 Preference for traditional practices
System for effectively measuring

41 organizational reliability

42 Flexibility in the production system

43 Quality in the production system

ISSN: 2444-4960.
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Results

According to the prioritization of factors from
the second review stage and based on the Pareto
principle, the top three factors define the vital
few, exceeding 20% and reaching 25.71%.
According to Thompson et al. [2012], CSFs are
a few crucial points—typically between one and
four—that enable competitive advantage.

Therefore, the first four factors are
established as critical for the successful
deployment of TPM philosophy. These are
described below based on research reports from
2017 to the present.

Top Management Commitment

As shown in Figure 2, the most frequently
mentioned CSFs are top management
commitment and education/training. This
section discusses the former.

Top management commitment is
considered a critical factor for successful
implementation of TPM programs [Ali, 2019;
Mishra et al., 2021a; Rathi et al., 2021; Samsudin
& Hasanan, 2017]. Management serves as the
main support and promoter for project success
[Zennaro et al., 2019] through its backing and
contribution [Ahmed & Karmaker, 2019].

Badiea et al. [2023] report that
administrators and senior employees are critical
before initiating TPM implementation, as they
are responsible for fostering team spirit. Rathi et
al. [2021] state that TPM programs can only be
implemented and function properly if top
management is 100% committed. Mishra et al.
[2021a] demonstrate that an organizational
barrier is the ineffective execution capacity of
senior management to implement TPM. Ngoy &
Israel [2021] report that a major challenge for
TPM implementation is the lack of management
support and understanding of the approach.

Agung Prabowo et al. [2020] conducted
research on barriers and facilitators for TPM
implementation, reporting that the main
facilitator is management support and
involvement at 91.49%. Similarly, Hooi &
Leong [2017] confirm this as a critical factor in
the initial stage for determining the master plan
and launching the entire program.
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Education and Training

Another CSF in TPM implementation is
developing TPM knowledge across all personnel
through training [Ahmed & Karmaker, 2019;
Ngoy & Israel, 2021; Samsudin & Hasanan,
2017; Seleem et al., 2018]. An adequate training
program must exist where employees learn about
TPM and its benefits [Agung Prabowo et al.,
2020; Rathi et al., 2021].

From management to the production
department, = management must deeply
understand TPM, and operators need training to
initiate the new cultural mindset and acquire the
required skills [Zennaro et al., 2019].

Ali [2019] states that training not only
aims to teach how to do things but also why they
are done. It should also help eliminate employee
fatigue and make work more enjoyable, seeking
100% participation.

Mishra et al. [2021a] report that among
technological barriers, employee lack of
knowledge about new technologies results from
inadequate training.

Ahmad et al. [2017] found that after
training, operators became more concerned with
production and additional maintenance activities,
reducing defects by 49.53%. Thus, training is
considered a CSF in TPM implementation.

This critical factor is not only a CSF but
also one of the pillars of TPM philosophy.

Employee Involvement

Another fundamental factor for successful TPM
implementation is employee involvement. This
refers to employees participating in all activities
and goals pursued during implementation [Farné,
2020; Ngoy & Israel, 2021; Rathi et al., 2021].
Zennaro et al. [2019] mention that to achieve
participation, synergy between departments
must exist, with regular meetings scheduled.
Pascal et al. [2019] highlight the importance of
participation from all personnel, including
supervisors, engineers, maintenance teams,
operators, etc.

Various authors investigate TPM success
through barriers that hinder its achievement,
emphasizing lack of employee participation
[Rathi et al., 2021].
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Mishra et al. [2021a], in their category of
cultural barriers, highlight the lack of employee
involvement in decision-making.

Article

Agung Prabowo et al. [2020] report that
the main barrier, at 82%, is lack of employee
involvement.

Resistance to Change in Organizational
Culture

This factor is considered one of the greatest
challenges when implementing a new way of
working in any industry.

Rathi et al. [2021] identify confrontation
with organizational culture change as a barrier to
successfully developing TPM philosophy.

Mishra et al. [2021a] define barriers to
successful maintenance strategies
implementation, including resistance to change
within organizational, cultural, and behavioral
categories. Therefore, this factor must be
considered  before, during, and after
implementing any strategy.

Through empirical research, Pinto et al.
[2020] demonstrate that one of the main
limitations is resistance to change. It has also
been shown that successful TPM implementation
is characterized by individuals willing to change
and be flexible [ Aspinwall & Elgharib, 2013].

Conclusions

Companies that successfully implement TPM
while considering the identified CSFs will
benefit globally by remaining competitive in
their respective sectors, efficiently meeting
customer demands for quality and service, and
identifying potential problems. Additionally,
they will improve environmental conditions and
organizational culture, enhance communication,
and strengthen interdepartmental relationships,
as TPM philosophy involves all personnel within
the company.

An area of opportunity would be to
conduct research using primary sources from the
region where TPM philosophy is intended to be
implemented, considering that CSFs are
temporary.
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