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1. Introduction 
The medical industry has a vital responsibility to improve and protect human life. It operates in diverse areas 
seeking to advance healthcare, provide treatment to patients, and cultivate a healthy society (Hoeft et al, 2018). 
This sector lies at the crossroads of technological advancements, scientific research, and production methods. 
Despite these ambitious aims, the medical industry confronts major obstacles (Chowdhury et al, 2021).  

The intricacy of healthcare services, the delicacy of medical products and services, and the strict mandates of 
regulations present a formidable challenge for managing the medical industry's operations (Farahani et al, 2018). 
It's imperative to abide by quality standards, optimize production processes, and minimize errors to ensure the 
safety and effectiveness of medical products (Obeta et al, 2019). However, accomplishing these objectives isn't 
always simple. Understanding the critical importance of the Six Sigma approach in the medical industry can help 
businesses meet challenges and provide more effective and reliable solutions (McDermott et al, 2022, a).  

Six Sigma plays a vital role in assisting the medical industry to overcome challenges.  Its methodology is centered 
around excellence and allows businesses to optimize operational processes, with a particular emphasis on 
important benefits like cost reduction, quality control, and patient safety (Antony et al, 2018).  One of the most 
common challenges in the medical industry is cost reduction, which Six Sigma can aid by improving efficiency 
(Thakur et al, 2023). Quality control is crucial for producing medical devices and managing hospital processes. 
The implementation of Six Sigma can have a substantial impact by decreasing process variance and continuously 
increasing quality standards (Noronha et al, 2023). Patient safety ranks among the top priorities in the medical 
industry, and the data-driven approach offered by Six Sigma can enhance this essential area by minimizing errors 
and improving processes (Sharma et al, 2022). These advantages clearly show the potential of using Six Sigma as 
a strategic tool in the medical sector and how it can improve industry standards. 

This paper examines how Six Sigma has been applied and the successes achieved in the medical industry, and 
explores how it can provide solutions to the challenges facing the industry. It centers on a case study of Six Sigma 

This article examines a successful case study of a medical industry company 
implementing Six Sigma methodologies. Focused on steel-cutting operations, the 
study utilized the DMAIC approach, revealing a process operating at a sigma level 
of 3.2. Following rigorous analysis and improvement efforts, the sigma level 
increased to approximately 4.9, significantly enhancing process quality. The study 
reduced errors by approximately 90%, leading to substantial improvements in 
product quality and operational efficiency. Embracing the core principles of the 
Six Sigma approach and statistical problem-solving techniques, the company 
aimed for continuous improvement. The initial phase involved meticulously 
analyzing the existing process and identifying and rectifying errors and defects. 
Utilizing appropriate statistical tools for data collection and analysis, the study 
pinpointed root causes and developed improvement strategies. This paper 
showcases how the Six Sigma approach was successfully implemented in a 
medical industry company, highlighting the transformative impact on process 
quality and operational efficiency. 
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implementation in the medical industry. The article examines how a medical manufacturing organization resolved 
a particular issue with its steel cutting procedures, following the systematic application of the Six Sigma 
methodology and the achieved outcomes. It also underlines the method's potential to boost operational excellence 
and give a competitive advantage. 

In the forthcoming sections of this study, a comprehensive examination shall be undertaken to elucidate the 
implementation of Six Sigma in the medical industry. This assessment will address unique challenges encountered 
in the production of medical products and demonstrate how Six Sigma proffers reliable solutions. 

2. Six Sigma 
Six Sigma is a method of measuring how well a service or production process performs. It uses a sigma value to 
indicate the process’s effectiveness and ability to operate without defects, which are any products or services that 
fail to meet quality standards. It is important to use precise terminology to ensure clarity and objectivity in 
measuring process quality. An opportunity is defined as any instance when a product is made or a service is 
delivered. Achieving a high sigma value is considered optimal performance for the Six Sigma performance level.  
When a process operates at a 6σ level, it is six standard deviations away from customer specifications. In other 
words, only an average of 3.4 defects occurs per million products, resulting in a 99.99966% statistically defect-
free product output.  This level of quality is nearly perfect for any given process (Harry & Stewart, 1988; Binder, 
1997; Pyzdek, 2003; O'Connor and Kleyner, 2012; Murumkar et al, 2018; Yusof & Lee, 2022; Sodhi, 2023). 

Achieving a sigma level of 6 offers notable cost advantages for businesses by addressing the costs associated with 
poor quality (Alzoubi et al, 2022). The Six Sigma methodology emphasizes error reduction and elimination of 
non-value-added processes, leading to significant cost savings (Daniyan et al, 2022). Achieving a sigma level of 
6 offers notable cost advantages for businesses by addressing the costs associated with poor quality (Tsung & 
Wang, 2023). Companies that do not implement Six Sigma often face high and undisclosed costs related to 
inefficient processes. 

Companies operating at the three or four sigma level generally allocate 25 to 40 percent of their revenue towards 
remedying issues, which is referred to as the cost of quality or more precisely, the cost of poor quality (Marwaha, 
2022). Conversely, the Six Sigma methodology, which is focused on quality, carries out a systematic approach 
through the DMAIC steps, identifying, measuring, analyzing, improving, and ultimately controlling problems step-
by-step (Escobar et al, 2022). 

Six Sigma Implementation Methods (DMAIC) 

Six Sigma is a system that can primarily improve quality and therefore the time management of projects. It has 
been applied in the manufacturing sector for many years. Since Six Sigma, which consists of a process called 
DMAIC (Define, Measure, Analyze, Improve and Control), improves time, quality and cost management in 
projects (Pyzdek, 2003), it has been seen that the Six Sigma method is used in all sectors of finance, health, 
engineering and construction as well as research and development (Kwak & Anbari, 2006).  

An organization using the DMAIC methodology with a Six Sigma strategy can achieve near perfect quality as well 
as superior availability, reliability, delivery performance and after-sales service (Arnheiter & Maleyeff 2005). Six 
Sigma focuses on identifying defects in projects and can then create a database to improve the project process.  

 
Figure 1. DMAIC Principles 

The DMAIC (Define, Measure, Analyze, Improve, Control) steps are the steps that form the basis of the Six Sigma 
methodology (Figure 1.). These steps provide a guide for solving a problem in a systematic way (Tsung & Wang, 
2023). The DMAIC problem solving methodology is particularly useful when the cause of the problem is unknown 
or uncertain, when there is potential for significant savings, and when the project can be done in 4-6 months, In 
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Six Sigma and process improvement efforts, the selection of Six Sigma projects is the most vital initial step. 
Properly selected and well-defined Six Sigma projects lead to better and faster results. Conversely, poorly selected 
and poorly defined improvement projects lead to delayed results and dissatisfaction (McLemore et al, 2022). In 
the medical industry, statistical problem-solving techniques and six sigma have various application areas (Sordan 
et al, 2023). These techniques are frequently used in clinical trials, healthcare development processes, analyzing 
patient data and quality control processes. In clinical trials, statistical analysis is important to determine the efficacy 
and side effects of a treatment (Kolluri et al, 2022).  

Six Sigma in Medical Industry 

In recent years, quality improvement initiatives in the medical industry have gained increasing importance. These 
efforts aim to enhance the quality of healthcare services and medical products, ensure patient safety, and improve 
operational excellence (McDermott et al, 2022, b). In this context, there is a body of literature available. For 
instance, Sim et al. (2022) highlighted the significance of quality improvement processes in designing and 
manufacturing medical devices. Similarly, a study by Hrgarek and Bowers (2009) examined the applications of 
Six Sigma methodology in the medical industry and demonstrated its effectiveness in enhancing quality standards. 

Regarding quality improvement efforts, the role of the Six Sigma approach in the medical industry is noteworthy. 
Six Sigma is a data-driven and systematic methodology that achieves defined quality targets (McHugh & Farrell, 
2022). This methodology reduces process variation and optimizes quality control processes, enabling businesses 
to achieve excellence (Parab et al, 2016). Notably, the applications of Six Sigma in the medical industry 
significantly impact the safety, efficacy, and quality of medical devices (Sim et al, 2019). Researchers provide a 
series of case studies demonstrating that Six Sigma reduces error rates in healthcare, improves patient outcomes, 
and enhances operational efficiency (Vadori, 2020). 

However, there are specific challenges and barriers to quality improvement efforts. The medical industry is subject 
to complex regulations and frequently faces rapid technological changes (Maci & Marešová, 2022). These 
variations can affect quality improvement processes and complicate the determination of strategies to be 
implemented (Salditt & Bothell, 2004). Additionally, high demand and rapid innovation in the medical industry 
can further complicate quality improvement processes (El-Haik & Mekki, 2011). Therefore, comprehensive 
planning, strategic management, and collaboration are required to implement quality improvement efforts 
effectively (Rathi et al, 2022). 

Quality improvement initiatives in the medical industry are critical for enhancing the quality of healthcare services 
and optimizing operational efficiency (Sodhi, 2020). These initiatives underscore Six Sigma methodology and 
similar quality improvement approaches. Future research should explore new methods and strategies for further 
development and improvement of quality improvement processes in the medical industry. 

3. Methodology 
In this section, a Six Sigma case study conducted in a manufacturing organization producing medical diagnostic 
kits is presented. Challenges such as improving consecutive quality control processes, eliminating errors in 
production, and increasing efficiency by analyzing data were addressed. 

3.1. Define Phase 
The Define phase aims to thoroughly understand the problem in the steel cutting processes of the medical 
manufacturing organization, supported by data analysis, and to set goals (Singh & Rathi, 2023). In this stage, the 
current situation was better understood by supporting the problem with concrete data, aiming to reveal the 
measurable dimension of the problem. 

Production processes, along with the intermediate and final products, were examined in this phase. Specifically, 
problems related to faulty processes during cutting and issues with chip waste after cutting were identified (Singh 
et al, 2023). It was observed that these problems disrupted production and led to additional quality control 
processes. Due to the organization being in the medical industry, there was little tolerance for errors. Therefore, 
even slightly defective products were either destroyed or reproduced. To address this, the number of quality control 
employees was increased from 9 to 15 to prevent errors. However, this also meant an increase in costs at some 
point.  

Problem Statement: Quality issues have been identified in steel-cutting operations. These issues manifest as 
increased defective products and post-cutting waste and defects. As a measurable metric, the number of defective 
products, specific cutting stages and parameters where defective products occur, and the amount and type of post-
cutting waste (e.g., chips, surface defects) have been identified. The impact of these issues on the business has 
been assessed, identifying adverse effects on key performance indicators such as operational efficiency, product 
quality, cost-effectiveness, and customer satisfaction. 
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Significance of the Problem: The impact of these quality issues on the business is significant. The increasing 
number of defective products reduces customer satisfaction and increases operational costs, such as recall 
expenses. Additionally, the increase in post-cutting waste and defects negatively affects the productivity and 
efficiency of the business, as such waste requires disposal and correction. Therefore, addressing these issues is 
critical for the business and requires taking steps to enhance competitiveness and adopt a sustainable production 
model. 

Since the Six Sigma philosophy focuses not only on increasing quality but also on eliminating errors, the Define 
phase was conducted with the data collected at this point. The problem was defined, and the study moved on to 
the Measure phase. 

3.2. Measure Phase 
The Measure phase aims to evaluate the current state of the steel cutting processes with concrete sample data. In 
this phase, errors occurring during and after the cutting process, chip quantity, and defects were examined through 
sampling. In this stage of the study, a total of 1000 products in the cutting stage were monitored as a sample for 
steel cutting processes. Data such as errors during the cutting stage, chip formation after cutting, and defects were 
collected. 

Table 1. Defects & Errors 

Number of Products Defects at Cutting Stage Chips & Defects after Cutting 
1000 25 Average 15 

 

On average, the cutting phase produces 25 defective products out of every 1000. Following the cutting phase, an 
average of 15 chips and defects are found in each product. The Six Sigma conversion table reveals that, when 
calculated at a rate of 40 per 1000 products (%96, DPMO: 40,000)), the sigma level of the process comes out to 
around 3.2 sigma. Defective products entail additional expenses and necessitate processes like quality control, 
destruction, or remanufacturing. Since this leads to higher costs and lower efficiency in production, the data 
indicates that the current processes are not reaching the desired level of quality. 

During the measure phase, statistical data was collected on defects during the cutting phase, as well as chips and 
defects after cutting, for the purpose of analyzing the current situation. This data aims to provide a deeper 
understanding of the quality issues and efficiency gaps within steel cutting processes. 

3.3. Analysis Phase 
The analysis phase is a critical stage in which the extensive statistical data collected during the measurement phase 
is analyzed in detail and the underlying root causes of the problem are identified. In this stage, a detailed data-
driven analysis of the defects in the steel cutting processes and the chips and imperfections generated after cutting 
was carried out. As part of this phase, a Fishbone Diagram (Ishikawa or cause and effect diagram) was used.  

The Fishbone Diagram, also known as the Ishikawa Diagram or cause and effect diagram, is a tool used to solve a 
problem or analyze a process. It was developed by Japanese quality control expert Kaoru Ishikawa and is used 
especially in quality control processes (Ohno & Mekonen, 2023). This diagram is used to systematically identify 
and understand the causes of a problem (Elyoussoufi et al, 2023).  
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Figure 2. Cause-Effect Diagram (Quality Issues in Steel Cutting Operations) 

This fishbone-shaped diagram contains a box placed in the center of the problem. This box represents the problem 
under investigation. Main headings are identified to understand the causes of the problem. Based on the Cause-
Effect Diagram (Figure 2.), the primary causes of substandard products and post-cut chips and defects are linked 
to factors such as inappropriate cutting parameters, operator errors, and the inadequacy of the chosen spiral tool as 
a cutting machine. 

During this phase of the research, 1000 product defects during the cutting stage and the amount of post-cut chips 
and defects were statistically analyzed. Following the identification of these issues, a brainstorming session was 
conducted to explore potential causes and solutions. It was generally inferred that the problems stemmed from 
specific cutting stage. 

Table 3. Cutting Stages with the Biggest Impact on Defective Products 

Cutting Stage Defects Percentage % 
Cutting with Spiral 10 40 
Merge 7 28 
Stacking 8 32 

In addition to defective products, the amount of chips and defects after cutting was also analyzed. Assessing this 
helps to determine the influence of cutting parameters and machine performance on quality. 

Table 4. Amount of chips and defects after cutting 

Cutting Parameter Chip and Defect Amount (gr) Average Size 
Cutting Speed 120 0.5 mm 
Blade Angle 90 0.3 mm 
Feed Rate 80 0.4 mm 

According to Table 4, there was an increase in the amount of chips and defects with increasing cutting speed. 
Similarly, an increase in blade angle also affected the amount of chips and defects. However, it was observed that 
the increase in feed rate caused a decrease in the average size. This statistical analysis shows that errors during the 
cutting stages and chips and defects after cutting can vary depending on certain parameters. This information is 
important in order to better understand the problems and to find the right solutions. The data obtained at this stage 
of the study provides a basis for identifying problem areas and formulating improvement strategies. Further 
interventions will need to focus on the Spiral Cutting stage in particular. 

3.4. Improvement Phase 
The improvement phase aims to improve the process based on the root causes identified in the analysis phase. At 
this stage, it is aimed to solve the problem and improve the process by implementing the proposed solutions. 
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In this phase of the study, recommendations were developed to solve the problems identified in the analysis phase. 
The data and analysis showed that the biggest effects of the errors during the cutting phase and the chips and 
defects that occur after cutting are in the cutting parameter caused by the machine and operator. 

In this context, it was proposed to build industry 4.0 compatible robotic arms capable of smart cutting. These robot 
arms can make a more precise and repeatable cut by minimizing human errors during the cutting phase. It can also 
reduce chips and defects by enabling more precise adjustment of cutting parameters. By minimizing operator 
errors, this proposal can improve quality and increase the efficiency of the process. It can also make the production 
process more intelligent and automated, in line with industry 4.0 technologies: 

Improvement Strategies 

- Integration of Industry 4.0 Compatible Robot Arms:  

• Why: Initial data shows that problems are often caused by method and machine parameters. The 
integration of technologies such as intelligent manufacturing systems, robot arms, and robotic arms that 
incorporate Industry 4.0 principles can automate production processes and provide more precise control.  

• How: It was determined that problems were concentrated in the Spiral Cutting stage. At this point, 
industry 4.0-compliant robot arms can adjust cutting parameters more precisely and minimize operator 
errors. This can reduce defective product rates. 

- Use of Smart Cutting Technology:  

• Cause: Post-cut chips and defects were observed to be associated with certain cutting parameters. Smart 
cutting technologies can optimize quality by dynamically adjusting parameters such as cutting speed and 
blade angle.  

• How: The use of Industry 4.0-compliant cutting machines can speed up the feedback loop. Sensors and 
AI algorithms can reduce post-cut chips and defects, improving the quality of products. 

- Operator Training and Awareness:  

• Cause: Operator errors were found to have a significant impact. Training and awareness of operators can 
help minimize errors.  

• How: Training programs and ongoing information sessions can be organized to ensure that operators are 
using the correct parameters and optimizing machine performance, especially in the Spiral Cutting stage. 

- Data Analytics and Continuous Improvement:   

• Why: Continuous improvement is based on data analytics. The data obtained must be continuously 
monitored and processed, then processes adjusted accordingly.  

• How: A data analytics platform integrated with Industry 4.0 technologies can monitor processes, identify 
problem areas and develop recommendations. This triggers a continuous improvement process. 

Cost and Benefit Analysis of Improvement Strategies 

Improvements to production processes often come with a certain cost. However, these costs can be offset by long-
term benefits and competitive advantages. At this stage, we focused on cost and benefit analysis to evaluate the 
integration of industry 4.0 compliant robot arms, the use of smart cutting technology, operator training and 
awareness, data analytics and continuous improvement strategies. 

Table 4. Robot Arms Cost (TL=Turkish Liras) 

Price 948.000 TL 
Installation & Labor  160.000 TL 
Annual Maintenance Cost (40.000 x 12) 480.000 TL 
Total Cost 1.588.000 TL 

Improvement Cost was made in the amount of TL 1.588.000 TL. Accordingly, information about the gain or loss 
of the enterprise in a year or when the improvement will provide gain is given in the table of gains below. 

Table 5. Gains Table 

Earnings Amount 
Production Capacity Increase 47% 
Number of Quality Control Team 3 (15 workers before the improvement) 
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Total Labor Cost Before Improvement (Annual) 2.700.000 TL 
Current Total Labor Cost (Annual) 45.000 TL × 12 = 540.000 TL 
Total Savings (Annual) 2.160.000 TL 
Return on Improvement (Total Savings - Cost of Improvement) 572.000 TL 

Since the reduction in the total number of employees and labor expenses in the enterprise, a significant cost 
advantage has been attained.  Simultaneously, the investment cost of the robot arm was recovered in less than a 
year. Furthermore, the implementation has greatly benefited the business by supporting capacity improvement. 

The analysis indicates that method and machine parameters cause most of the primary issues in the production 
processes. In this context, integration of Industry 4.0 compatible technologies is a prominent solution. Firstly, the 
utilization of Industry 4.0 compatible robot arms is considered to minimize errors in the Spiral Cutting stage. These 
robotic arms can adjust cutting parameters precisely, minimize operator errors, and thus reduce defective product 
rates. 

Additionally, Industry 4.0-compliant cutting technologies can be integrated to minimize post-cut chips and defects. 
These technologies are capable of enhancing quality by adjusting parameters, such as cutting speed and blade 
angle, dynamically. Operator training and awareness play an important role in the integration of industry 4.0. 
Scheduled training will be performed to enable operators to use the right parameters and optimize machine 
performance. Data analytics will be utilized, along with continuous improvement strategies, to ensure that 
enhancements are constantly monitored and evaluated. The overall cost and benefits of these methods will be 
weighed against long-term competitive advantages and gains in operating efficiency. 

3.5. Control Phase 
Following the implementation of the robotic arm and subsequent process improvements, a careful control phase 
was initiated to ensure the sustained effectiveness of the improvements. The goal of this phase was to continuously 
monitor results, take corrective action as needed, and ensure the long-term success of the improvements. 

The integration of the robotic arm resulted in a remarkable 47% increase in production capacity, significantly 
improving the company's operational efficiency. In addition, reducing the number of quality control teams from 
15 to 3 resulted in significant labor cost savings without compromising quality standards. 

In addition, extensive post-improvement assessments were conducted to evaluate the impact of the improvements. 
Previously, 40 out of every 1000 units produced were defective. After the improvements, a study of 10,000 units 
found only four defects, primarily due to raw material or storage issues. The study reduced defects by 
approximately 90%, significantly improving product quality and operational efficiency. This dramatic reduction 
in defects contributed to an increase in the sigma level from 3.2 to approximately 4.9, representing a significant 
improvement in process quality. 

The optimization efforts also led to organizational changes. Initially, there were 15 people in the quality control 
team, but this number was reduced to three after the improvements. As a result, 12 employees were reassigned, 
three left the company, and nine were transferred to the packaging department. These changes were necessary to 
align the workforce with the increased production capacity and ensure optimal resource utilization. 

In addition, continuous monitoring and control of digital transformation initiatives require hiring a control 
engineer. This role was critical in overseeing the implementation of digital technologies and ensuring their 
seamless integration into existing processes. 

The control phase of the improvement initiative highlights the importance of continuous monitoring and evaluation 
to ensure the long-term success of the implemented solutions. By leveraging data-driven insights and 
organizational adjustments, the company can effectively reap the benefits of process improvements while 
maintaining its competitive edge in the marketplace. 

4. Discussion and Conclusion 

This study is focused on a case study of a company in the medical industry regarding their Six Sigma 
implementation, explicitly dealing with steel-cutting processes. With the critical objectives of reducing errors and 
waste, improving industry standards, and increasing productivity in steel-cutting processes, this study examines 
the effectiveness of the Six Sigma methodology in the medical industry. 

In the analysis phase, a detailed review of the current state of the process was conducted. This review was used to 
identify the leading causes of errors and defects in the cutting stages and parameters. The findings clarified the 



Gültaş	 	 												 					 	 																																																																																					JTOM(8)2,	363-373,	2024	

370 
 

critical points in the process and the potential for improvement. Integrating intelligent robotic arms was proposed 
in line with industry 4.0 principles in the improvement phase. This proposal led to a significant increase in 
production capacity and also contributed to cost reduction. 

Considering the results of the improvements made, there has been a noticeable increase in the quality level of the 
company's production processes. For example, whereas before, about 40 out of every 1,000 products had defects 
after the improvements, this figure was only 4 out of 10,000. This means that the sigma level increased from about 
3.2 to 4.9. 

The effects of the improvements on the workforce were also taken into account. With the reduction of the number 
of people in the quality control team, some arrangements were made for the workers. After the improvement 
process, the number of employees in the quality control team was reduced from 15 to 3. Nine of the remaining 12 
employees were assigned to the packaging department with increased production capacity, preventing labor loss. 
In addition, one control engineer was hired to control the improvement process and monitor the digital 
transformation. These changes resulted in a significant reduction in operational costs and increased the 
competitiveness of the business. The placement of workers in new positions increased the efficiency of the 
enterprise and allowed it to adopt a sustainable production model. 

In conclusion, this study shows that the Six Sigma methodology can be successfully applied in the medical 
industry, and significant results can be achieved in various areas of improvement. Adopting Industry 4.0 principles 
and using intelligent technologies provide a significant opportunity for businesses to improve their efficiency and 
gain a competitive advantage. This study guides industry professionals and researchers on operational excellence 
and quality improvement. 
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