
1 

 

Design and Implementation of The Integration of Additive Manufacturing into 

Traditional Manufacturing Processes 

 
Jazmin E. López González 

Master in Manufacturing Competitiveness  

Advisor: Dr. Rafael Nieves, PharmD. 

Polytechnic University of Puerto Rico 

Graduate Project EXPO, October 2025

Abstract ⎯ The pharmaceutical industry is 

undergoing a rapid transformation driven by 

technological advances, economic pressures, and 

changing consumer demands. Integrating additive 

manufacturing (AM) into traditional processes 

offers opportunities for personalized medicine, 

waste reduction, and enhanced production 

efficiency, while maintaining regulatory 

compliance. This study proposes a framework 

based on the DMADV methodology to design and 

validate a hybrid manufacturing model supporting 

personalized drug production. Preliminary results 

suggest that a structured approach can overcome 

technical and regulatory barriers, facilitating the 

adoption of AM in the pharmaceutical sector. The 

developed framework provides a practical pathway 

for companies to implement innovative 

manufacturing strategies, improving 

responsiveness to market needs and advancing 

industry competitiveness in a dynamic environment. 

Key Terms ⎯ Additive Manufacturing, 

DMADV Method, Hybrid Process, Personalization, 

Pharmaceutical Industry. 

PROBLEM STATEMENT 

         This research focuses on the integration of 

additive manufacturing into traditional 

manufacturing processes within the pharmaceutical 

industry, aiming to drive innovation, improve 

efficiency, and promote medication personalization. 

The need to adopt hybrid approaches arises from 

the limitations of conventional techniques in 

producing complex formulations tailored to 

patients' specific needs, especially in a context 

where the demand for personalized medicine and 

the reduction of costs and waste are increasingly 

important. The integration of these technologies 

offers potential benefits, such as the ability to create 

controlled-release systems and customized doses, 

but also faces technical, regulatory, and economic 

barriers that hinder widespread adoption. The study 

seeks to understand how to harmonize these 

processes by developing a structured framework 

that facilitates the effective implementation of 

hybrid manufacturing technologies, enabling 

pharmaceutical companies to optimize production, 

comply with regulations, and meet market 

demands. This research will contribute to 

identifying strategies and solutions to overcome 

existing barriers, fostering a transition toward more 

flexible, sustainable, and innovative processes. The 

presentation of preliminary results and the 

associated table will occur during the initial phase 

of the project, which covers the period from August 

1, 2025, to September 4, 2025. 

 
Figure 1 

Project Timeline in August 2025 

                 RESEARCH DESCRIPTION 

        This research focuses on applying the 

DMADV methodology to design and validate a 

framework for integrating additive manufacturing 

into conventional pharmaceutical processes. The 

scope of the project covers the development of a 

hybrid manufacturing model that supports 

personalized medication production, waste 

reduction, and process efficiency improvements. 

During the study, various stakeholder inputs, 
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regulatory considerations, and process optimization 

strategies are analyzed through pilot testing and 

iterative refinement. The goal is to create a 

practical, scalable framework that enables 

pharmaceutical companies to adopt AM 

technologies effectively, thereby fostering 

innovation, customization, and operational 

excellence in a rapidly evolving industry. 

RESEARCH CONTRIBUTIONS 

         This research offers valuable contributions by 

providing a comprehensive review of current 

additive and traditional manufacturing technologies 

in the pharmaceutical sector, analyzing the 

technical, economic, and regulatory challenges 

involved. It proposes a validated framework for 

integrating these technologies into hybrid 

processes, supported by case studies and real-world 

examples of successful implementation. The study 

also includes insights from industry stakeholders 

through surveys and interviews, demonstrating the 

feasibility and benefits of hybrid manufacturing 

approaches. Additionally, it offers practical 

recommendations and future research directions to 

help industry practitioners effectively adopt 

innovative manufacturing strategies, advancing 

pharmaceutical production and innovation. 

LITERATURE REVIEW 

         Additive Manufacturing (AM), also known as 

3D printing, has revolutionized multiple industries 

by enabling the creation of complex geometries that 

traditional manufacturing methods cannot achieve. 

In the pharmaceutical industry, the integration of 

AM into conventional manufacturing processes 

holds significant promise for enhancing production 

efficiency, enabling personalized medicine, and 

reducing waste. Traditional manufacturing 

techniques, such as granulation, compression, and 

coating, have long been established and are 

effective for producing standardized drug 

formulations. However, these methods often lack 

the flexibility needed to address individual patient 

needs, especially as the industry moves toward 

tailored therapies. 

       The concept of integrating AM with traditional 

manufacturing involves combining the strengths of 

both approaches to overcome their individual 

limitations. This hybrid approach aims to leverage 

the precision, customization, and complex 

geometries enabled by AM while maintaining the 

scalability, cost-effectiveness, and regulatory 

compliance of traditional methods. Recent 

advancements in AM technologies, such as 

selective laser sintering and fused deposition 

modeling, have made it possible to produce 

complex drug delivery systems and personalized 

therapeutic solutions that were previously 

unattainable. 

          Several studies have explored the potential of 

AM in pharmaceutical applications. Goyanes et al. 

in 2016 demonstrated the use of 3D printing to 

produce pharmaceutical tablets with unique 

geometries and controlled drug release profiles, 

highlighting the technology’s ability to tailor 

medications to individual patient requirements [1]. 

Similarly, Alhnan et al. emphasized the 

opportunities for innovative drug product design 

enabled by AM, especially in creating complex 

drug delivery systems that traditional methods 

cannot produce [2]. These studies underscore the 

significant potential of 3D printing to revolutionize 

personalized medicine by allowing the production 

of customized doses and geometries, which can 

improve therapeutic outcomes. 

         Despite these promising developments, 

several challenges hinder the widespread adoption 

of AM in pharmaceutical manufacturing. 

Regulatory frameworks remain a major obstacle, as 

current guidelines are primarily designed for 

traditional manufacturing processes and do not 

adequately address the unique aspects of AM [3]. 

Currently, regulatory frameworks continue to be a 

significant barrier, as existing guidelines are mainly 

tailored for traditional processes and do not 

sufficiently address the specific characteristics of 

additive manufacturing [3]. Material certification 

and quality control are also critical issues, as the 
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materials used in AM must meet strict safety and 

efficacy standards. Additionally, the high initial 

investment required for AM equipment and 

technology can be a barrier, especially for small 

and medium-sized enterprises.         

Fera et al. in 2017 proposed models of 

profitability that combine traditional and additive 

manufacturing processes, illustrating how hybrid 

approaches can lead to cost savings and increased 

efficiency [4]. Their work emphasizes the 

importance of developing structured frameworks 

that facilitate the integration of AM into existing 

manufacturing workflows, addressing both 

technical and economic barriers. Literature 

underscores the necessity of establishing clear 

regulatory guidelines, certifying materials suitable 

for pharmaceutical use, and designing scalable, 

flexible processes that can adapt to evolving 

industry demands. 

         Furthermore, the project includes Table 1: 

Weekly Distribution of Phases (August - 

September 2025), which outlines the planned 

timeline and distribution of activities across the 

weeks. This schedule ensures an organized, 

systematic approach to the research, facilitating 

effective resource management and progress 

monitoring throughout the project duration. 

        Overall, the current body of research 

highlights the transformative potential of AM in the 

pharmaceutical sector, provided that the technical, 

regulatory, and economic challenges are effectively 

addressed. The development of structured 

frameworks and best practices will be essential to 

facilitate the industry’s transition toward more 

innovative, flexible, and personalized 

manufacturing processes, ultimately improving 

patient outcomes and industry competitiveness. 

Table 1 

Weekly Distribution of Phases 

 

METHODOLOGY 

The methodology outlined in this project 

provides a comprehensive and systematic approach 

to achieving the research objectives related to the 

integration of additive manufacturing (AM) into 

traditional pharmaceutical manufacturing 

processes. The chapter begins with an introduction 

that emphasizes the importance of a structured 

methodology, including a step-by-step process for 

conducting research, experimental design, data 

collection, and analysis methods, and a detailed 

schedule with key milestones. 

A critical component of the methodology is the 

review of existing literature, which aims to identify 

gaps in current knowledge and establish a solid 

foundation for the research. This review covers 

current advancements in both additive and 

traditional manufacturing techniques within the 

pharmaceutical sector, highlighting technological, 

regulatory, and economic challenges, as well as 

successful case studies of integration. 

Following the literature review, a feasibility 

study is conducted to evaluate the technical, 

economic, and operational viability of 

implementing hybrid manufacturing processes. This 

involves analyzing real-world examples and case 

studies to understand the practical aspects and 

potential benefits of combining AM with 

conventional methods. 

Data collection constitutes a vital part of the 

research, involving the design and distribution of 

surveys to industry experts and practitioners to 

gather insights on the benefits and challenges of 

hybrid manufacturing. Additionally, interviews 

with key stakeholders are conducted to capture their 

perspectives, experiences, and expectations 

regarding the integration process. 

Based on the insights gathered, a framework is 

developed to guide the implementation of hybrid 

manufacturing processes. This framework aims to 

optimize production efficiency and product quality, 

incorporating guidelines and best practices for 

effectively combining additive and traditional 

techniques. 
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The experimental design phase involves 

creating controlled experiments to test the proposed 

framework, focusing on measuring the impact of 

AM on customization, personalization, and overall 

production efficiency. These experiments are 

essential to validate the practical applicability of the 

framework and to gather empirical data. 

Data analysis combines qualitative and 

quantitative methods to evaluate the collected data. 

Statistical techniques are employed to assess the 

feasibility, benefits, and challenges of integrating 

AM, as well as its impact on product customization 

and personalization. The analysis results serve to 

validate the framework and generate actionable 

insights for industry practitioners. 

The research concludes with the proposal of 

solutions to overcome technical and regulatory 

barriers identified during the study. Based on the 

findings, recommendations are provided to 

pharmaceutical manufacturers to facilitate the 

adoption of AM technologies and to promote 

industry-wide innovation. 

Finally, a detailed research schedule is 

outlined, listing the major milestones and activities 

necessary to complete the project. Each milestone 

includes an estimated due date or duration, ensuring 

a structured timeline that guides the research 

process and facilitates systematic progress 

monitoring. In Table 2, we can learn a brief 

definition of the five phases of the DMADV 

methodology. 

Table 2 

DMADV Methodology 

 

Table 3 

Proposed Plan 

 

This Chapter Outlines the Detailed 

Methodology Followed to Achieve the Research 

Objectives. It Describes a Systematic Step-By-Step 

Approach, Including Data Collection and Analysis 

Methods, As well as a Schedule with Key 

Milestones. Methodology Ensured a Rigorous 

Process for Integrating Additive Manufacturing into 

Traditional Pharmaceutical Manufacturing. All 

activities, from Literature Review to Final Report, 

have been successfully completed. 

Table 4 

Simplified Gantt Chart Visualization  

 

Table 5 

Gantt Chart 

 

RESULTS AND DISCUSSION 

The results and discussion chapter presents a 

comprehensive analysis of the findings obtained 

from the research on integrating additive 

manufacturing (AM) into traditional 

pharmaceutical processes. The data collected 

through surveys, interviews, and pilot studies 

provide valuable insights into industry perceptions, 

benefits, challenges, and the development of a 

preliminary framework for hybrid manufacturing. 

Survey responses reveal that a significant 

majority of industry experts consider the integration 

of AM both feasible and beneficial. Approximately 

70% agree that AM is technically viable for 

developing personalized medications, with the 

primary benefits being increased customization 

(Table 9: Benefits of AM Integration), waste 
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reduction and shorter production cycles [5]. These 

benefits are supported by visual representations 

such as Figure 4: Perceived Benefits of Integration. 

However, the findings also highlight notable 

barriers, with 82% citing high initial costs (Table 

10: Main Obstacles), followed by limited 

availability of pharmaceutical-grade materials and 

regulatory uncertainty. These challenges are 

summarized in the tables and figures that detail the 

main obstacles reported by industry stakeholders 

(Figure 5: Main Barriers Reported). 

The analysis indicates that while the technical 

feasibility of AM is widely acknowledged, 

regulatory concerns remain a significant hurdle. 

About 65% of experts expressed concerns 

regarding regulatory ambiguity, emphasizing the 

need for clearer guidelines and closer collaboration 

with regulatory agencies. The data also suggest that 

pilot projects and phased implementation are 

essential to validate the technology’s safety, 

efficacy, and scalability. 

A proposed framework for hybrid 

manufacturing has been developed based on early 

findings. This framework emphasizes four key 

stages: conducting initial feasibility assessments, 

executing pilot projects to test scalability and 

quality, engaging with regulators to establish clear 

guidelines, and training personnel in AM 

technologies. Visual aids, such as flowcharts and 

diagrams, illustrate the systematic approach of this 

framework (Table 11: Framework Proposal). This 

framework is currently in the developmental stage 

and undergoing refinement through ongoing pilot 

studies and stakeholder collaboration. 

The research also discusses opportunities for 

integration, highlighting that AM can significantly 

enhance manufacturing flexibility, particularly for 

small-batch and personalized medicines. This 

capability addresses the rising demand for tailored 

therapies and can reduce lead times, thereby 

improving responsiveness to market needs. 

Conversely, the main challenges to overcome 

include regulatory compliance, high capital 

investment, and the limited availability of certified 

materials suitable for pharmaceutical applications. 

These obstacles are depicted in graphics that 

illustrate the primary barriers reported by industry 

experts (Figure 5: Main Barriers Reported). 

Despite the promising potential, the study 

recognizes limitations such as the small sample size 

of survey respondents and the early stage of 

framework validation. Future work should involve 

broader industry engagement, extensive pilot 

testing, and detailed economic analyses to evaluate 

the cost-benefit ratio of adopting AM technologies. 

The ongoing research aims to refine the framework 

and validate its effectiveness through real-world 

applications. 

In conclusion, the findings underscore that 

integrating AM into pharmaceutical manufacturing 

offers substantial benefits, including increased 

customization, waste reduction, and faster 

production cycles. However, regulatory 

uncertainties and high initial costs must be 

addressed through collaborative efforts between 

industry stakeholders and regulators. The 

preliminary framework provides a practical guide 

for industry adoption, emphasizing pilot testing, 

regulatory engagement, and workforce training. 

The full potential of these technologies will be 

realized through continued validation, pilot 

projects, and industry-wide collaboration, paving 

the way for a more flexible, efficient, and 

personalized pharmaceutical sector. 

Table 6 

Questionnaire Overview 

 

Table 6 provides an overview of the survey 

instrument used to gather industry insights on the 

integration of additive manufacturing in 

pharmaceutical processes. 

Table 7 summarizes the key responses from the 

survey, highlighting the general perception of 
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feasibility and the main concerns expressed by 

industry experts. 

Table 7 

Questionnaire Results Summary 

  

 
Figure 2 

Graphic Benefits of Hybrid Manufacturing 

     Figure 2 visually depicts the primary benefits of 

hybrid manufacturing, such as customization, waste 

reduction, and faster production cycles. 

Table 8 

Feasibility of Integration 

Parameter Percentage (%) Interpretation 

Industry 
experts who 
consider AM 

feasible 

70% 
Majority see potential 

for integration 

Experts 
concerned 

about 
regulatory 

issues 

65% 
Regulatory framework 

remains a major barrier 

Table 8 shows the percentage of experts who 

consider the integration of AM feasible and those 

concerned about regulatory issues, illustrating the 

balance between optimism and caution in the 

industry. 

 
Figure 3 

Perception of Feasibility and Regulatory Challenges 

This figure illustrates industry experts’ 

perceptions regarding the technical feasibility of 

AM and the regulatory challenges they face. 

Table 9 

Benefits of AM Integration 

Benefit Percentage (%) Comments 

Customization 0.85 
Production of personalized 

medicines 

Waste reduction 0.78 Less material waste 

Shorter cycle times 0.70 Faster production times 

This table lists the main advantages of 

integrating additive manufacturing, emphasizing 

customization, waste reduction, and efficiency 

improvements. 

 
Figure 4  

Perceived Benefits of Integration 

Figure 4 highlights the most valued benefits of 

integrating AM, including increased customization, 

waste reduction, and shorter production times. 

Table 10 

Main Obstacles 

Obstacle 
Percentage 

(%) 
Comments 

   

High initial 
costs 

82% Investment seen as significant 

Limited 
availability 
of certified 
materials 

65% 
Material limitations for 

pharma-grade AM 

Regulatory 
uncertainty 

70% 
Need for clear legal 

frameworks 

 

     Table 10 identifies the primary barriers to 

adoption, such as high initial costs, limited material 

availability, and regulatory uncertainty. 

Figure 5 visually summarizes the key obstacles 

reported by industry experts, reinforcing the 

challenges faced in adopting AM. 
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Main barriers reported 

High initial costs

Limited availability of certified materials

Regulatory uncertainty

Figure 5 

Main Barriers Reported 

Table 11 

Framework Proposal 

Stage Brief Description 

Piloting Conduct controlled small-scale tests 

Collaboration 
Engage with regulators and 
stakeholders 

Iterative 
Improvements 

Refine and optimize processes based on 
pilot results 

Table 11 outlines the proposed stages for 

implementing hybrid manufacturing, including 

piloting, collaboration, and iterative improvements. 

 
Figure 6 

Proposed Framework for Hybrid Manufacturing 

Figure 6 illustrates the systematic process for 

integrating AM into pharmaceutical production, 

emphasizing the key steps and phases. 

 
Figure 7 

Graphic Perception of Feasibility and Regulatory Concerns 

      Figure 7 graphically represents industry 

perceptions regarding the feasibility of AM and the 

regulatory concerns that influence adoption 

decisions. 

 
Figure 8 

Graphic Main Benefits 

Figure 8 highlights the core benefits of hybrid 

manufacturing, such as customization, waste 

reduction, and shorter production cycles. 

 
Figure 9 

Graphic Main Obstacles 

Figure 9 depicts the primary barriers to 

implementation, including costs, material 

limitations, and regulatory issues. 

CONCLUSION 

This chapter encapsulates the main findings, 

contributions, and implications of the research 

focused on integrating additive manufacturing 

(AM) into traditional pharmaceutical processes. 

The study highlights the considerable opportunities 

that AM offers for enhancing customization and 

improving drug formulations, enabling the 

production of complex delivery systems tailored to 

individual needs. Despite these promising benefits, 

significant barriers remain, particularly high initial 
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costs and stringent regulatory frameworks, which 

hinder the widespread adoption of this technology. 

The analysis of case studies demonstrates that 

hybrid manufacturing approaches can effectively 

increase operational efficiency and reduce lead 

times, especially in small-batch production 

scenarios. The research contributes valuable 

insights through an extensive review of current AM 

and traditional manufacturing technologies, and by 

proposing a practical framework designed to 

address technical, economic, and regulatory 

challenges, facilitating smoother integration. 

Industry perspectives gathered via surveys and 

interviews provide realistic insights into the 

practical aspects of implementing hybrid methods, 

emphasizing the importance of collaboration with 

regulatory bodies to establish clear guidelines. The 

findings have profound implications for the future 

of pharmaceutical manufacturing, including the 

promotion of personalized medicine, the 

enhancement of operational flexibility, and cost 

reduction through combined manufacturing 

strategies. Nonetheless, the study acknowledges 

limitations such as reliance on qualitative data, the 

scope restrictions regarding international regulatory 

analysis, and the absence of detailed economic 

evaluations. Future research should focus on 

expanding regulatory frameworks globally, 

developing comprehensive economic models, and 

exploring advanced applications like biologics and 

vaccines. Overall, the integration of AM signifies a 

paradigm shift in drug manufacturing, with the 

potential to transform industry practices and 

significantly improve patient outcomes. The 

benefits demonstrated so far underscore their 

transformative potential and set a solid foundation 

for ongoing advancements in the field. 
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