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ABSTRACT  
Background:  In recent years, the medical device sector has been positioned for consistent 

expansion, with worldwide yearly sales predicted to increase by more than 5% annually, reaching 

close to $800 billion by the year 2030 (van den Heuvel et al., 2018). In parallel to this growth, 

there is ongoing debate around the need for increased regulations and higher standards for medical 

device manufacturers, particularly as recalls have not decreased in frequency. The orthopaedic 

devices sector represents nearly 20% of the medical devices available on the global market and 

16% average of these devices undergo recalls. Nonetheless, there exists a gap in the literature 

around investigations on orthopaedic knee implant recalls. (DeRuyter et al., 2023) 

This study aims to evaluate FDA recalls associated with orthopaedic knee implants, seeking to 

comprehend current orthopaedic knee implant recall’s trends and the reasons behind these recalls, 

and to determine the effectiveness of the current manufacturing quality standards and regulatory 

systems. 

Methods:   A quantitative monomethod was utilized, involving the distribution of an online survey 

to subject matter experts on recalls within the orthopaedic implant industries. The survey, 

administered via Microsoft Forms, comprised of 18 questions, encompassing both closed- and 

open-ended formats assessing the factors contributing to orthopaedic knee implant device recalls 

and the effectiveness of the current system and to provide suggestions and recommendations 

regarding Orthopaedic manufacturing standards, regulatory frameworks, and other relevant areas. 

Responses from a total of 71 participants were collected and data analysis undertaken to investigate 

the reasons behind recalls, contributors to these recalls, and the efficiency of the current 

manufacturing standard and regulatory system. Secondary research was also undertaken to detect 

prevailing trends in the recall of orthopaedic knee implant devices. Data was sourced from the 

FDA database, specifying the years 2019 to 2023, and filtered for details such as manufacturer, 

approval process, implant type, recall classification, recall dates, reasons determined by the 

manufacturer, quantity affected, and more. These data points were then analyzed utilizing 

histograms to visualize the frequency of recalls across each year. 

Findings: FDA recall data has shown a significant increase in the number of recalls involving 

orthopaedic knee implants in recent years from different manufacturers. This increasing trend in 

recalls has raised concerns from both the medical community and among patients as they rely on 

these implants to regain mobility and improve their quality of life. These recalls, often attributed 

to issues such as manufacturing defects, material failures, or design flaws, underscore the 

challenges faced by manufacturers in ensuring the reliability and safety of these critical medical 

devices. Survey responses further highlight key factors contributing to orthopaedic recalls as 

perceived by participants. Manufacturing defects stand out as the primary concern, with a majority 

of respondents identifying them as the main contributors to orthopaedic recalls. This underscores 

the importance of addressing issues within the manufacturing process, including production errors, 

design flaws, and lapses in quality control, to uphold the reliability and safety of orthopaedic 



 
 

5 
 

devices. Additionally, some respondents point to a lack of stringent FDA regulation as a significant 

factor contributing to orthopaedic recalls. This suggests apprehensions regarding the adequacy of 

regulatory oversight and enforcement, potentially resulting in compromises in product safety and 

quality standards. The response underscores the necessity for more robust regulatory measures to 

mitigate risks associated with orthopaedic devices. 

Conclusions: The research findings emphasize the urgent need for a comprehensive and proactive 

approach to managing recalls of orthopedic knee implants, highlighting the deficiencies in the 

current system. Stakeholder feedback reveals diverse opinions on the necessary changes in the 

medical device landscape. Some stakeholders are satisfied with the current system when properly 

followed and advocate for no changes. However, others suggest improvements such as eliminating 

the predicated equivalent approval process, establishing a dedicated recall committee to review 

and refine the approval process as needed, and improving alignment between different 

international Quality Management System (QMS) standards, including ISO 13485 and FDA 

regulations. Additionally, stakeholders recommend integrating principles from ISO 14971 into 

QMS requirements to help manufacturers systematically identify, assess, and mitigate risks 

throughout the product lifecycle. Strengthening collaboration with small and medium-sized 

enterprises (SMEs) is also suggested, as suppliers often do not adhere to QMS certifications. 

Emphasis is placed on incorporating risk management ISO 14971 principles into QMS 

requirements, enhancing post-market surveillance, clinical evidence requirements, and regulatory 

measures, particularly in competitive and dynamic industries. 

Key words: Orthopaedic, Knee implants, medical device recalls, regulation. 
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1 CHAPTER 

1.1 Introduction: 

There is a higher propensity for danger to patient safety when medical devices malfunction. Recalls 

of orthopaedic devices account for more than 20% of all devices on the market, ranging from 12% 

to 20% over a ten-year period. This makes orthopaedic the specialty with the highest number of 

recalled devices. From January 1, 2008, to December 31, 2018, a total of 904 hip and knee 

arthroplasty devices were approved. Among these, 485 (53.7%) were hip devices and 419 (46.3%) 

were knee devices. Out of the total, 179 devices (19.8%) were recalled, with 94 hip devices 

(19.4%) and 85 knee arthroplasty devices (20.3%) being recalled during this period of study 

(DeRuyter et al., 2023).The objective of this dissertation is to evaluate orthopaedic knee implant 

recalls, identifying the underlying factors contributing to these recalls and see if improvements can 

be made. 

This study also aims to provide significant insights into orthopaedic knee implant recalls and see 

if there is a gap in current system and an improvement can be made on overall quality of 

orthopaedic knee implant devices by investigating multiple factors such as device design, software 

design, manufacturing procedures, process control, regulatory control, and post-market 

surveillance. 

1.2 Purpose of the research: 

This research aims to assess the reasons behind product recalls of orthopedic knee implants by 

examining common factors contributing to these recalls within the orthopedic knee implant 

industries. It involves gathering insights from subject matter experts employed in orthopedic knee 

implant industries. The study covers various orthopedic knee implant products, including femoral 

components, tibial components, polyethylene implants, inserts, sleeves, spacers, and others. It 

seeks to analyze factors such as design flaws, material problems, manufacturing defects, regulatory 

compliance, approval processes, human factors, and post-market monitoring etc. 

The purpose of this research is to look at industry data that captures the key metrics around recall 

efficacy, timeliness, and the impact on patient safety and product quality. Based on these 

developments, this thesis will evaluate the existing industry situation for medical device recalls. 

1.3 Research Objectives: 

Objective #1: Investigate main factors that are contributing to orthopaedic knee implant device 

recalls. (Survey data collection) 

Objective #2: Discover if current system* is effective or improvement is required. (Survey data 

collection) 

Objective #3: Identify current trend of orthopaedic knee implant device recalls. (FDA database 

collection) 
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1.4 Research Questions: 

Question#1: What are the factors which are contributing to orthopaedic implant recalls? 

Question#2: Is the current system* in place effective or does it need improvement? 

Question#3: What is the current recall trend in orthopaedic knee implant products? 

*(Medical device standard-21CFR Part 820, Design control- FDA 21 CFR 820.30 and Sub-clause 

4.4 of ISO 9001, ISO 14971:2019- Medical devices Risk Management and regulatory framework) 

1.5 Scope and limitations of the research: 

Scope: This study aims to pinpoint the main reasons behind the prevailing recall patterns in 

Orthopaedic knee implant products. It focuses solely on knee implants within the Class III 

Orthopaedic category and does not encompass other orthopedic products or classes. The research 

examines various aspects such as design flaws, material issues, manufacturing defects, regulatory 

compliance, approval processes, human factors, and post-market monitoring specifically related 

to knee implants. 

Limitations: One primary limitation of this study is its small sample size, primarily due to the 

constraints of the dissertation timeline. The research period may not allow for a comprehensive 

examination of a large number of cases.  Bias and varying viewpoints may arise among participants 

offering feedback, as data collection involved multiple departments, including Quality 

Engineering, Regulatory Affairs, Manufacturing, Research and Development, Validation 

Engineering, Product Compliance, Clinical Engineering, and others.  

1.6 Research Significance: 

The research aims to assess recent patterns in orthopedic knee implant recalls determining the 

effectiveness of the current system in ensuring product quality and patient safety. Moreover, it 

seeks to uncover and comprehend the causes behind these recalls, a detailed examination of root 

causes. Understanding why a device failed or posed risks offers manufacturers valuable insights 

to rectify design flaws, manufacturing problems, or other contributing factors leading to recalls 

and regulatory agencies like the FDA depend on research outcomes to evaluate the safety and 

efficacy of medical devices. 

1.7 Dissertation Outline: 

The dissertation will be organized into five chapters. 

Chapter #1- Provides an overview of the research study. This includes the purpose of the research 

and study background, research objectives and research questions. Furthermore, it describes the 

scope and limitations of the study, significance of the study and overall structure of the 

Dissertation. 
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Chapter #2 – Represents the literature review of the study, which gives brief introduction of chapter 

providing background of medical device recalls, FDA regulation framework,  

Chapter #3 – It gives a quick overview of the research approach before presenting the research 

onion and the study's research technique. Research philosophies, methodological selection, 

approach, strategies, time horizon, and research techniques make up the research onion. It stands 

for the general strategy employed for the investigation. This chapter will provide an explanation 

and justification of the method selected for each layer of the research onion. The chapter also 

discusses the research study's ethical ramifications. There will also be a quick explanation of data 

analysis in this part. 

Chapter #4 - This comprises the data findings and analysis, which will show the information 

collected from primary research. The information gathered from qualified participants who have 

prior experience working in the medical device industries will be part of the core data gathering 

design. The participant is employed as a ‘Quality Engineer, R&D engineer, Sustaining engineer, 
Regulatory specialist, Clinical Engineer, Product compliance officer, Manufacturing engineer, 

Validation engineer and other roles’ in a top ranking multi-national medical device company. By 

means of these assessments, the research study will illustrate how effective the current system is 

and see if an improvement is required or not. 

Chapter #5 – The conclusion draws the results from the survey to provide insights applicable to 

the Orthopaedic Knee implant industry. It provides recommendations for the industry & regulatory 

framework based on these findings. Additionally, references are listed, and supplementary 

materials such as the survey questions, raw data from the primary research are included. 
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2 CHAPTER 

Literature review 

Review of Orthopaedic Knee implant recalls, Causes, Trends and 

Impacts 

2.1 Introduction: 

The introduction outlines the importance of ensuring the safety of orthopaedic knee implant 

products and the serious consequences that recalls can have on patients and healthcare systems. It 

emphasizes the various factors contributing to recalls, trends within the orthopaedic knee implant 

industry, and the impacts on patient safety. Orthopaedic knee implant recalls profoundly affect 

patient safety, healthcare providers, and the entire medical device industry. This literature review 

aims to comprehensively explore the existing knowledge base concerning orthopaedic knee 

implant product recalls, with a focus on their causes, trends, and broader consequences. By 

analyzing information from relevant studies, reports, and regulatory documents, this review aims 

to identify common themes, gaps in literature and potential areas for enhancing the current 

orthopaedic knee implant device system. 

2.2 Medical Devices and the role of the FDA in Medical Device regulation and 

compliance: 

In this section, we examine into the realm of medical devices, exploring their definition and 

significance within the healthcare landscape and roles of FDA overseeing medical devices in the 

United States. The FDA serves as the principal regulatory authority responsible for ensuring the 

safety, effectiveness, and quality of medical devices available in the market. 

What is a Medical Device: 

 As per section 201(h) of the FD&C Act (21 USC 321(h)) provides that the term "device" means: 

an instrument, apparatus, implement, machine, contrivance, implant, in vitro reagent, or other 

similar or related article, including any component, part, or accessory, which are: 

(1) recognized in the official National Formulary, or the United States Pharmacopeia, or any 

supplement to them, 

(2) intended for use in the diagnosis of disease or other conditions, or in the cure, mitigation, 

treatment, or prevention of disease, in man or other animals, or 

(3) intended to affect the structure or any function of the body of man or other animals, and which 

does not achieve its primary intended purposes through chemical action within or on the body of 

man or other animals and which is not dependent upon being metabolized for the achievement of 

its primary intended purposes. (Commissioner, 2021) 
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Roles of FDA in Medical Device regulation & compliance: 

The FDA (U.S. Food and Drug Administration) plays a crucial role in protecting and promoting 

public health by regulating and supervising a wide range of products, including pharmaceuticals, 

medical devices, biologics, food, dietary supplements, and veterinary products. The FDA's 

regulatory framework is designed to ensure the safety, efficacy, and security of these products. 

(Ramakrishna et al., 2015) 

The below Figure-1 depicts the medical device supply chain, which is a highly regulated supply 

chain with numerous stakeholders catering to various consumer groups. The FDA regulates this 

industry because medical devices play a vital role in the provision of healthcare. (Thirumalai and 

Sinha, 2011) 

 

Figure 1:Medical device supply chain. (Thirumalai and Sinha, 2011) 

FDA has classified medical device in to three classes based on risk category as shown in below 

table 1: Class I, Class II & Class III. 

Device Class Risk Level Controls Device Example 

Class I Low Risk General Controls 
Example: 
• Labelling 
• 510k 
• QMS 

Walking stick 
Bandage 
Examination 
Gloves 
Sunglasses 

Class II Moderate Risk General Controls 
Special Controls: 
Examples: 
• Special labelling 
•Mandatory 
performance standard 
• Guidelines 

Syringe 
Powered 
Wheelchair 
Acupuncture 
needle. 
Condoms 

Class III High Risk General Controls 
Special Controls 
Premarket Approval 
(PMA) 

Orthopaedic Knee 
implants, 
Automated external 
defibrillator 
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Replacement heart 
valves 
Pacemaker 
HIV diagnostic test 
Implants. 

Table 1: FDA Controls 

Medical devices are typically approved through two methods: the premarket approval (PMA) 

process and the 510(k) premarket notification process. The PMA process has proven to be more 

expensive and time-consuming as it requires clinical evidence for authorization. On the other hand, 

the 510(k) premarket notification is an accelerated process that omits medical devices from the 

clinical trial requirements as long as the device is “substantially equivalent” to an alternatively 
utilized medical device. (Purnama and Drago, 2019) 

The regulatory controls are applied based on medical device risk category as shown in Table-2 

 General Controls Special Controls Premarket Controls 

Class I ✓ X X 

Class II ✓ ✓ X 

Class III ✓ ✓ ✓ 
Table 2: Control requirements based on risk classifications. 

The table-3 below provides overview of FDA different regulatory controls. (Ramakrishna et al., 

2015) 

Regulatory controls Descriptions 

General controls General controls are regulatory requirements authorized by the 
FD&C (Federal Food, Drug, and Cosmetic Act Act), under section 
501, 502, 510, 516, 518, 51]9, and 520, and they apply to all medical 
devices, unless exempted by regulations. 

Special controls Special controls are regulatory requirements for Class II devices, 
for which general controls alone are insufficient to provide 
reasonable assurance of the safety and effectiveness of the device. 
Special controls are usually device-specific and include: 
performance standards, post market surveillance, patient registries, 
special labeling requirements, premarket data requirements, and 
guidelines. 

Class I/II exemptions Most Class I devices and a few Class II device are exempt from 
510(k) requirements subject to the limitations on exemptions. 
However, these devices are not exempt from other general controls. 
A few Class I devices are additionally exempt from the GMP 
requirements with the exception of complaint files and general 
record keeping requirements. 

Premarket 
notification (510(k)) 

A Class I, II, III device intended for human use, for which premarket 
approval (PMA) is not required, must submit a 510(k) to FDA 
unless the device is exempt from the 510(k) requirements. A 510(k) 
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is a premarket submission to FDA to demonstrate that the device to 
be marketed is at least safe and effective, that is, substantially 
equivalent, to a legally marketed device that is not subject to PMA. 

Premarket approval 
(PMA) 

PMA is an FDA process of scientific and regulatory review to 
evaluate the safety and effectiveness of Class III medical devices. 
PMA is the most stringent type of device marketing application. 
required by the FDA. The applicant must receive FDA approval of 
its PMA application prior to marketing the device. 

Table 3: FDA Approval Pathways 

2.3 Device recalls & regulation applies to Orthopaedic company: 

The orthopaedic devices are regulated by the Food and Drug Administration (FDA) under the 

Center for Devices and Radiological Health (CDRH). Firms must adhere to regulations regarding 

device classification, premarket approval (PMA), 510(k) clearance, and Good Manufacturing 

Practices (GMP). The company must comply with following standards in order to release product 

into market. (Ramakrishna et al., 2015) 

Medical device standards for Orthopaedic products: 

• 21CFR Part 820 – FDA Medical device standard 

• FDA 21 CFR 820.30 - Design control 

• ISO13485 – International quality management system (QMS) 

• ISO 14971:2019- Medical devices Risk Management and regulatory framework 

2.3.1 What is medical device recall: 

When a company learns that there is a problem with one of their medical devices, it proposes a 

correction or a removal depending on where the action takes place. 

Correction - Addresses a problem with a medical device in the place where it is used or sold.  

Removal - Addresses a problem with a medical device by removing it from where it is used or 

sold. 

FDA uses the term “recall” when a manufacturer takes a correction or removal action to address a 
problem with a medical device. Recalls occur when a medical device is defective, when it could 

be a risk to health, or when it is both defective and a risk to health. 

A medical device recall does not always mean that we must stop using the product or return it to 

the company. A recall sometimes means that the medical device needs to be checked, adjusted, or 

fixed. If an implanted device (for example, an artificial hip) is recalled, it does not always have to 

be explanted from patients. When an implanted device has the potential to fail unexpectedly, 

companies often tell doctors to contact their patients to discuss the risk of removing the device 

compared to the risk of leaving it in place. (FDA, 2021) 

Examples of types of recalls: 
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• Inspecting the device for problems. 

• Repairing the device. 

• Adjusting settings on the device. 

• Re-labelling the device. 

• Destroying device. 

• Notifying patients of a problem. 

• Monitoring patients for health issues. 

2.3.2 Type of Medical device recall classes: 

Recalls are classified by severity as shown in table 4. Class I recalls involve products that could 

cause serious health problems or death. Class II recalls involve products that may cause temporary 

or reversible health problems, while Class III recalls are less likely to cause health problems. 

Orthopaedic devices are recalled due to manufacturing defects, design flaws, or inadequate 

labelling and several other reasons which could pose risks to patients. (Health, 2021) 

Recall Class FDA Definition Examples 

1 Device will likely cause serious adverse 
health consequences or death 

Device design, Process 
control, Labelling etc 

2 Device may cause temporary or reversible 
adverse health consequences 

Metal on metal hips: Possible 
sterility compromise in 

packaging 

3 Device is not likely to cause serious adverse 
health consequences. 

Incorrect identification codes. 

  Table 4: FDA Recall classes 

2.4 Orthopaedic medical device market overview: 

Orthopaedic medical devices have proven highly effective in enhancing mobility, alleviating 

discomfort, and enhancing the well-being of countless individuals annually. This success is evident 

in the global market, where orthopaedic devices have consistently held a significant share of sales, 

approximately dominating the 8.5% of market share by 2022 as shown in table 5. The global 

orthopaedics devices market was valued at $38.7 billion USD in 2017 (Awasthi and Stanick, 2022) 

and is estimated to grow with a CAGR of 5.2% ever year as shown in table-5. The rise of cutting-

edge technologies like robotic surgeries, ortho-biologics, smart sensor-equipped devices, implants, 

and 3D printing methods, in parallel with a predicted increased incidence of orthopedic disorders 

such as osteoporosis, arthritis and sports injuries, will play a major role in driving market 

expansion. 
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Table 5: Worldwide MedTech sales by segments: Top 15 segments (2017 & 2022):(Awasthi and Stanick, 2022) 

2.4.1 Orthopaedic knee implant or Total knee arthroplasty (TKA) market: 

In the last four decades, there has been a substantial increase in the variety of implants accessible 

on the market, Total knee arthroplasty (TKA) has gained widespread recognition as an extremely 

effective and economical remedy for advanced degenerative knee joint conditions, offering notable 

benefits such as pain alleviation, enhanced functionality, and overall improvement in quality of 

life. Initially introduced to clinical settings in the 1970s, Orthopaedic knee implant has since 

evolved into one of the most frequently conducted inpatient surgical interventions in the United 

States. According to data from the Millennium Research Group, the number of TKA procedures 

in the US grew 2.9% in 2012 to 734,100 procedures. 80% of these procedures were primary TKA, 

8% were uni-condylar replacements, 10% were revision TKA, and 2% were patello-femoral 

replacement. 
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2.4.2 Knee Joint Overview: 

2.4.2.1 Knee Joint: 

The knee is well-suited to handle the forces and pressures it faces. However, everyone's knee 

structure is a bit different, but they all work together in a complex way. The knee is made up of 

bones like the femur, tibia, patella, and fibula, along with ligaments, tendons, muscles, and joint 

capsule. These parts don't work alone; they team up for different knee functions. The knee has 

several parts: the inner and outer parts, the kneecap area, and the upper part where the tibia and 

fibula meet. Ligaments help keep the knee stable in all directions. In our daily activities, the knee 

bears a lot of our weight and moves in different ways, like bending and straightening, twisting, 

and moving side to side. It's like a hinge joint but with some gliding and rolling movements. The 

knee can move in six different ways: bending and straightening, twisting in and out, and tilting 

sideways. It can also move forward and backward and side to side, and it can be compressed or 

stretched. All these movements work together to let the knee do what it needs to do. (Hirschmann 

and Müller, 2015) Knee joint has six degrees of freedom, 3 rotational movements and 3 translation 

movements as shown in Fig-2. 

 

Figure 2: Knee six degree of freedom.((Hirschmann and Müller, 2015) 
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2.4.2.2 Knee Implant Device: 

Knee implants are a surgical technique used to replace biological parts in order to lessen pain and 
restore knee functionality, is typically recommended for individuals who experience severe knee 
pain, stiffness, and reduced mobility due to conditions such an osteoarthritis, Rheumatoid Arthritis, 
traumatic arthritis, other knee conditions like severe fractures of the knee joint, knee deterioration 
due to poor blood supply. This is an invasive device mainly used to treat osteoarthritis, rheumatoid 
arthritis, traumatic arthritis where both compartments of the knee are affected by replacing affected 
condyles and this surgical procedure is called Knee Replacement. The knee implant has three 
major compartments:  

 

Figure 3: Knee implant components.(Pande and Dhatrak, 2021) 

(a) Femoral element (b) Tibial insert (bearing) (c) Tibial element (baseplate) (d) Inserted total 

knee arthroplasty.(Pande and Dhatrak, 2021) 

 Osteoarthritis Rheumatoid arthritis Traumatic arthritis  

Definition  It is a joint disease that 
gets worse over time; 
does not cause swelling 
in joints (not 
inflammatory)  
 

It is an inflammatory 
condition (causes joint 
swelling) in which the 
immune system 
mistakenly attacks the 
tissue that lines and 
cushions the joints.  
 

It is from an injury 
which leads to a 
condition called 
avascular necrosis:  
blood supply to the ball 
portion (the femoral 
head) of the thighbone 
is cut off. 

Table 6 : Orthopaedic Knee related disease 

When someone's knee is significantly impacted by arthritis or injury, everyday activities like 

walking or climbing stairs become difficult. The individual may experience pain while sitting, 

walking, or even lying down. To alleviate pain and regain a normal lifestyle, the patient may 

require total knee replacement surgery, as depicted in the figure below. (Left side picture in Fig-

4) Severe osteoarthritis and (right side picture in Fig-4). The worn-out cartilage affected by arthritis 

and the original bone have been surgically removed and replaced with metal implants on both the 
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femur and tibia. A plastic spacer has been inserted between these implants to provide smooth 

movement.  

 

Figure 4: Knee implant device. (Orthoinfo, 2024) 

2.5 Orthopaedic Product Market recalls: 

Between November 2002 and December 2012 (Day et al., 2016), a total of 1641 companies issued 

20,093 recalls. Among the top 20 companies with the highest number of recalls during this decade, 

six were top orthopedic device manufacturers. These six companies were responsible for 19% of 

all recalls during this period. Within the ten-year timeframe, the top 20 companies accounted for 

46% of all recalls (9,226 recall events), with orthopedic devices comprising the largest portion at 

41%, followed by general hospital devices (25%), diagnostics (21%), cardiovascular (9%), 

anesthesia (2%), and radiation oncology (2%) as shown in fig-5. (Day et al., 2016) 

 

 Figure 5: Orthopaedic product recall percentage. (Day et al., 2016) 
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2.5.1 Causes of Orthopaedic Product recalls:  

Four factors, comprising the manufacturer, regulatory oversight by the FDA, the hospital setting, 

and environmental & societal factors, contribute to medical device recalls. (Wang et al., 2022) 

Manufacturers have control over the design and production of medical devices, and any issues 

arising during pre-market activities like labeling errors can prompt a recall. Hospitals, where 

medical devices are primarily utilized, face risk of device-related adverse events. To effectively 

prevent such issues, regulatory oversight by the FDA must diligently oversee all aspects from 

design to application. These interconnected elements—manufacturing, regulation, and usage 

require careful attention, as any oversight could trigger a recall. Furthermore, environmental 

factors such as regulations governing environmental practices impact the materials utilized in 

orthopedic implants. Alterations in material composition or sourcing can affect the performance 

or safety of implants, potentially resulting in recalls if not thoroughly evaluated. Similarly, societal 

factors like lifestyle preferences, occupations, and demographic characteristics can also influence 

the wear and tear experienced by orthopedic implants. These four factors may also influence the 

application of these elements (Fig-6). 

 

Figure 6: Factors contributing to Orthopaedic recalls. (Wang et al., 2022) 

1.Manufacturer-determined reasoning for recall: 

The reason behind orthopaedic device recalls by manufacturers were categorized into seven groups 

based on the stage of the production cycle linked to the issue. These categories are as follows: 

"device design" if flaws in the design or raw materials led to implant failure; "manufacturing" if 

the device was produced outside specified parameters, resulting in nonconforming implants; 

"processing" if the device failed quality control measures or errors occurred during post-production 

processes; "packaging" if the product lacked adequate protective measures, was improperly 

packaged, or mislabeled; "sterility" if the product was inadequately sterilized or lacked 

documentation of sterilization; "software" if there were programming issues with the device; and 

"marketing" if the product was distributed without sufficient premarket approval or with 

misleading information for consumers. From 2015 to 2019, (Vajapey and Li, 2020) packing errors 

accounted for 33% of all orthopedic device recalls, with manufacturing errors and defective device 

designs each comprising 24% of all recalls. Software problems and marketing-related recalls were 

the least frequent causes, each accounting for 2% of recalls (Fig- 7). 
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Figure 7: Manufacturer recalls in pie charts. (Vajapey and Li, 2020) 

2.FDA-determined reasoning for recall: 

Fig- 8 shows that between January 1, 2007, and December 31, 2017, a total of 6,758 orthopedic 

devices were approved: 5,833 (86.3%) through the 510(k) premarket notification process and 925 

(13.7%) through the PMA process. Of the 300 knee arthroplasty devices recalled, 267 (89.00%) 

were approved via the 510(k) process, while 33 devices (11.00%) were approved through the PMA 

process. (Pellerin et al., 2020) & (Pellerin et al., 2018) 

 

Figure 8: Orthopaedic recalls by FDA Approval pathway. (Pellerin et al., 2020) 
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2.6 Current trend in Orthopaedic knee implant recalls: 

 

Figure 9: Current trend in Orthopaedic knee implant recalls. 

The data on orthopaedic knee implant recalls from 2019 to 2023 reveals a notable trend of 

fluctuation over the years as shown in Fig-9. In 2019, the number of recalls stood at 36, showing 

a slight increase to 44 in 2020. The following year, 2021, saw a marginal decrease to 37 recalls. 

However, a significant drop occurred in 2022, with only 19 recalls recorded, representing the 

lowest number within the observed period. Interestingly, 2023 witnessed a dramatic spike, with 

the number of recalls surging to 99, marking the highest recall count in the five-year span. This 

sharp increase raises concerns about potential issues in manufacturing, regulation, or clinical 

practices during that year. This data indicates an overall increasing trend in recalls, especially in 

the recent years, suggesting a need for closer examination of the factors contributing to this rise. 

The substantial variations, particularly the spike in 2023, highlight the importance of implementing 

more robust quality control measures and possibly revisiting regulatory standards to ensure patient 

safety and product reliability. The above data was collected from FDA website in recall navigation 

page using “Orthopaedic” keywords and filtered out to last 5 years. (FDA, 2024) 

2.7 Impact of Orthopaedic knee implant recalls on Patient Safety and Healthcare: 

Orthopedic knee implant recalls can have significant negative impact for patients, ranging from 

physical discomfort to emotional distress and financial burden. Patients who have undergone knee 

implant surgery rely on these devices to alleviate pain, improve mobility, and enhance their quality 

of life. When a knee implant is recalled due to issues such as defects in design, materials, or 

manufacturing, patients may experience a range of adverse effects. Here are some potential 

impacts on patients due to orthopaedic recalls: 

Knee implant Revision Surgeries: One of the most direct and immediate impacts is the potential 

need for revision surgeries. If a recalled orthopaedic knee implant or device is already in use, 
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patients may have to undergo additional surgical procedures to replace or correct the faulty 

product. (HSS, 2020) 

Physical Discomfort and Pain: Patients with recalled orthopaedic knee implants may experience 

physical discomfort and pain associated with the defective device. This can affect their quality of 

life and mobility until the issue is addressed through revision surgery. (Drugwatch, 2023) 

Complications and Adverse Events: Faulty orthopaedic knee implant devices may lead to 

complications and adverse events, such as infections, implant failure, or tissue damage. These 

issues can result in additional healthcare interventions and prolonged recovery periods for affected 

patients. (Drugwatch, 2023) 

Emotional and Psychological Impact: Dealing with the news of a recall and the prospect of 

additional knee implant surgeries can have emotional and psychological impacts on patients. 

Anxiety, stress, and concerns about the success of revision procedures can affect the mental well-

being of affected individuals. (HSS, 2020) 

Financial Burden: Orthopaedic knee implant recalls can impose a financial burden on patients. 

Additional surgeries, medical treatments, and rehabilitation may result in increased healthcare 

costs, and patients may face expenses related to lost wages during recovery.(Orthoinfo, 2024) 

Disruption of Daily Life: Patients undergoing revision surgeries may experience a disruption in 

their daily lives. Recovery periods, physical therapy, and rehabilitation can impact the ability to 

work, participate in regular activities, and maintain social engagements. (Orthoinfo, 2024) 

Delayed Treatment: In some cases, patients may experience delays in receiving necessary 

orthopaedic treatments and interventions due to the recall. This delay can lead to prolonged pain, 

impairment, and a reduced quality of life for affected individuals. (Drugwatch, 2023) 

Loss of Trust in Healthcare Providers and Manufacturers: Orthopaedic knee implant recalls 

may erode trust in healthcare providers and the manufacturers of the recalled products. Patients 

may question the safety and reliability of orthopaedic knee implant devices, leading to a loss of 

confidence in the healthcare system. (Drugwatch, 2023) 

Long-Term Health Consequences: Depending on the severity of complications associated with 

the recalled orthopaedic knee implant devices, patients may face long-term health consequences. 

Chronic pain, mobility issues, and compromised joint function are examples of potential long-term 

effects. (HSS, 2020) 

In summary, orthopedic knee implant recalls can profoundly impact patients, affecting their 

physical health, emotional well-being, financial stability, and trust in the healthcare system. 

Healthcare providers, regulatory agencies, and manufacturer’s product reputation. 
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2.8 Gaps in literature and Research Needs: 

While there are numerous studies about orthopaedic product recalls, there is no specific study 

available with regards to orthopaedic knee implant recalls. So, it becomes apparent that there is a 

notable absence of a comprehensive literature review evaluating orthopaedic knee implant recalls 

from manufacturing to market release. Furthermore, there is a lack of studies that systematically 

examine the root causes and contributing factors leading to knee implant recalls. Secondly, no 

study available to evaluate current orthopaedic knee implants system is effective. Therefore, this 

study is going to bridge the gap by evaluating orthopaedic knee implants recalls from 

manufacturing to market release examining the root causes and contributing factors leading to knee 

implant recalls and effectiveness of current orthopaedic knee implants system and see if any 

improvements are required in manufacturing standard and regulatory framework. Through the 

utilization of an online survey questionnaire, insights will be gathered from subject matter experts 

employed in orthopaedic knee implant companies, thereby facilitating a comprehensive analysis 

to determine if any enhancements are necessary in manufacturing standards and regulatory 

frameworks. 
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3 CHAPTER 

Research Methodology 

3.1 Introduction: 

The research methodology was outlined using the research onion framework. It was introduced by 

Saunders et al. in 2009. The research onion concept underlined the need for researchers to 

systematically progress through various stages of research, starting from the broad and general 

aspects to the specific and detailed elements. The layers of the research onion typically include 

philosophical assumptions, research approaches, research strategies, time horizons, data collection 

methods, and data analysis techniques. Each layer builds upon the previous one, guiding 

researchers in making methodological choices that align with their research objectives and 

philosophical perspectives. The research onion provided a structured framework for researchers to 

plan, conduct, and report their research effectively. 

 

Figure 10: Research Onion (Source: Saunders et al. 2019) 
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3.2 Conceptual framework: 

The following Table 7 explains the choice for each layer. 

Research 

Methodology 

Selective Action Choice for this thesis 

Philosophy Interpretivism 
 
 

Interpretivism was used as 
philosophical approach that 
emphasizes the subjective 
understanding and interpretation of 
orthopaedic knee implant subject 
matter expert’s experiences and 
perceptions. 

Approach 
 

Inductive  The research is inductive: specific 
observations are made with the survey 
and the researcher aims to generalize 
the answers for the entire Orthopaedic 
knee implant industry. 

Methodological choice Mono method 
Quantitative 

Mono method was used: a survey 
questionnaire. Mono method was 
more suitable where one data 
collection method is well aligned with 
the research objectives, questions. 

Research Strategy Online Survey- 
Microsoft form 

The research involves conducting a 
survey, which falls under the category 
of "survey research." And the data 
collected from individuals by asking 
them a series of questions, typically 
through questionnaire. 

Time Horizon Cross-Sectional  Since the data was collected only 
once without any planned follow-ups, 
the research adopts a cross-sectional 
time horizon. 

Technique Questionnaire  18 Questionnaire which consists of 12 
closed questions and 6 open 
questions. 

Sampling technique Probability Sampling Probability sampling is a method used 
in research to select a sample from a 
larger population in such a way that 
each member of the population has a 
known chance of being included in 
the sample. 

Table 7: Primary Data collection method 

3.3 Research Strategy: Gathering of Primary Data 

A survey questionnaire comprising 18 questions was distributed to Orthopaedic knee implant 

industry subject matter experts (SMEs). 
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The questionnaire was organized into following sections: The survey began with five initial 

questions aimed at obtaining participants' agreement and understanding of the survey. Following 

this, two questions focused on identifying the type of organization and the specific products 

participants work with. The remaining questions targeted around factors contributing to 

orthopaedic knee implant device recalls and the effectiveness of the current system. Lastly, the 

survey concluded with a series of open-ended questions inviting participants to provide 

suggestions and recommendations regarding Orthopaedic manufacturing standards, regulatory 

frameworks, and other relevant areas. 

The survey required around 5~10 minutes to complete. 

The survey questions are attached in Appendix A – Survey Questions. 

A mono-method approach was used for the research strategy, which included quantitative data 

analysis. A survey was conducted with qualified participants who have prior experience working 

in the Orthopaedic knee implant industries ranging from less than 2 years (23%) 2 to 5 years (31%) 

and greater than 5 years (46%). The participants were employed as a ‘Quality Engineer, R&D 
engineer, Sustaining engineer, Regulatory specialist, Validation engineer, Packaging engineer, 

Clinical Engineer, Manufacturing engineer, Product compliance officer’ in a top ranking multi-
national Orthopaedic knee implant medical device company. These participants were targeted as 

they are involved in the full life cycle of Knee implant products. 

The survey design consists of 18 questions with both open and closed-ended questions. It was 

created on Microsoft Forms and was distributed online through Email, LinkedIn, WhatsApp’s, 
Instagrams, Regulatory Affairs Professionals Society (RAPS). The survey was structured to gather 

additional information from individuals specifically with experience in the Orthopaedic sector. 

The format of the closed-ended questions in the survey was ‘Yes or No’ where the participants can 
provide one answer, or in the form of multiple-choice questions, where all options that apply can 

be selected. The open-ended questions allowed for the participants to type their opinion or 

perspectives into the open space provided. 

3.4 Sampling techniques: 

Both probability and non-probability sampling were used in the sampling process. When a 

researcher uses statistical analysis to infer information about a broader population from a smaller 

sample, they frequently employ probability sampling. On the other hand, with non-probability 

sampling, sample size cannot be determined using statistical analysis. It is employed when 

researchers are unable to select a random sample from the target population. This study used 

probability sampling with a simple random sample technique, which gives every member of the 

population an equal chance of being chosen for the sample. 

The optimal sample size of 61 was determined using the survey monkey website calculator (Fig-

11). The global orthopaedic knee implant expert population size is estimated roughly 100 Subject 

matter experts (SME) globally based on their experience level from orthopaedic knees implant 
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manufacturing companies existed in the global market. this sample size was deemed sufficient. 

However, the researcher received feedback from 71 respondents. To maintain a confidence level 

of 95% and a margin of error of 8%, adjustments were made due to the global nature of the study 

being conducted within a short timeframe, potentially introducing sampling errors. Consequently, 

the margin of error was increased from 5% to 8%. 

 

Figure 11: Sample size calculator. 

3.5 Ethical considerations: 

The researcher ensured that the online questionnaire survey solely focused on the research topic 

and did not capture any personal information. All survey questions were written in clear and 

understandable English. Prior to distributing the survey, ethical approval was sought from a 

supervisor designated by Inno Pharma Griffith College as part of the ethical consideration process 

(Refer to section-7 Appendix). Participants were assured that their data would only be used for 

research purposes and that their responses would be treated with the utmost confidentiality in 

compliance with GDPR regulations. Participation in the study was entirely voluntary, and consent 

from participants was obtained using questions 1 and 2 for general consent, questions 3, 4, and 5 

to gather information on participants' experiences, the types of products, and industries they were 

involved in, and questions 6 and 7 to obtain details on their department and familiarity with 

medical device recalls. Questions 8 to 18 were designed to gather data on the factors contributing 

to orthopaedic knee implant device recalls and to assess the effectiveness of the current system 

(reference to Section 7 - Appendix) 

3.6 Techniques used in data Analysis: 

In this research paper, quantitative data obtained from an online survey questionnaire underwent 

thorough analysis. The researcher employed descriptive statistics to analyze this quantitative data, 

utilizing Microsoft Excel as the primary analytical tool. Specifically, descriptive statistics were 

utilized to gain insights into the characteristics of the data, such as higher portion of categories and 

frequency distributions. For research objective 3, an example bar chart was generated to examine 

frequencies, such as the number of recalls in specific years. This visualization allowed for a clear 

understanding of recall patterns over time to assess factors influencing orthopedic knee implant 

device recalls. On the other hand, for research objectives 1 and 2, pie charts were utilized to depict 
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the distribution of responses and highlight the proportion of various categories within the dataset. 

These pie charts facilitated the visualization of higher percentages within the data collected for 

these research objectives, providing a concise representation of the findings. Overall, using 

descriptive statistics and visualization techniques such as bar charts and pie charts, the researcher 

effectively analyzed the quantitative data obtained from the online survey questionnaire, 

contributing to a comprehensive understanding of the research objectives. 

Hypothesis testing for statistical significance: 

Given that the data is quantitative and primarily involves numerical data on categorical variables, 

the chi-square goodness-of-fit test was utilized to determine if the observed frequencies in the 

categorical data align with the expected frequencies according to a specific hypothesis. This 

statistical tool was employed in the survey research to evaluate whether the distribution of 

responses to survey questions matches the hypothesized distribution. (Turney, 2022) 

What is the Chi-square goodness-of-fit test? 

The chi-square goodness-of-fit test assesses whether the observed frequencies in a single 

categorical variable correspond to the expected frequencies based on a particular hypothesis. 

To examine if the observed frequencies significantly differ from the expected distribution, the chi-

square goodness-of-fit test was applied to the following questions using Minitab under the 

specified hypothesis conditions: 

H0: The observed frequencies match the expected frequencies (participants have no preference). 

HA: The observed frequencies do not match the expected frequencies (participants have a 

preference) 

The above hypothesis condition was concluded by comparing the chi-square value to the critical 

value as stated below. 

Chi-square Test value χ 2 > Critical Value (𝜒 2 critical) – Reject Null hypothesis.  

Chi-square Test value χ 2 < Critical Value (𝜒 2 critical) – Accept Null hypothesis.  

Survey questions that contain categorical variables: 
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The results of the chi-square goodness-of-fit test for the survey questions (8 to 14) are presented 

in Chapter 4, specifically in sections 4.1.1 to 4.1.7. 
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4 CHAPTER 

Findings and Analysis 

4.1 Result: Introduction to survey findings 

The survey conducted using Microsoft Forms targeted qualified participants with prior experience 

in the Orthopaedic knee implant industry, with representation from various experience levels, 

including less than 2 years (23%), 2 to 5 years (31%), and greater than 5 years (46%). These 

participants held diverse roles within top-ranking multinational Orthopaedic knee implant medical 

device companies, encompassing positions such as Quality Engineer, R&D Engineer, Sustaining 

Engineer, Regulatory Specialist, Validation Engineer, Packaging Engineer, Clinical Engineer, 

Manufacturing Engineer, and Product Compliance Officer as shown in below table 8. These 

individuals were selected due to their involvement in the full lifecycle of knee implant products. 

The survey received responses from a total of 71 participants from all over the world, with the 

majority of respondents holding positions in Regulatory Affairs Specialist (20%), Quality 

Engineering (17%), and Product Development Engineering (10%). Other roles represented 

included Product Compliance, Research & Development Engineering, Manufacturing 

Engineering, Clinical Engineering, Validation Engineering, and Sustaining Engineering. These 

findings indicate a diverse and knowledgeable participant pool with significant expertise on 

various aspects of orthopaedic knee implant manufacturing and regulation. 

Serial 
No# 

Roles Frequency Percentage 

1 Regulatory affairs specialist 14 20% 

2 Quality Engineering 12 17% 

3 Product Development Engineering 7 10% 

4 Product Compliance 6 8% 

5 Research & Development Engineering 7 10% 

6 Sustaining Engineering 3 4% 

7 Manufacturing Engineering 8 11% 

8 Clinical Engineering 4 6% 

9 Validation Engineering 4 7% 

10 Packaging engineer 1 1% 

11 Supplier engineering 1 1% 

12 NPI, New Product Introduction 1 1% 

13 Others 2 3% 

 Total 71 100% 
 

Table 8: Participant’s background. 

The survey was also completed by Regulatory affairs specialist, Quality engineering specialist, 
Product development engineering, Product compliance, Research and development engineering, 
Sustaining engineering, Manufacturing engineering, Clinical engineering, Validation engineering, 
Packaging engineer, Supplier engineering, new product introduction engineering and other 
consultants. Their familiarity with the notion of recalls and their professional expertise in the 
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orthopaedic knee implant medical device industries led them to participate in the study. Every 
department or position has a distinct set of experiences and information to offer. Limiting 
orthopaedic knee implant recall research to a small subset of experts could obscure the various 
viewpoints and insights from people working in different areas. As a result, information for the 
research thesis was gathered from various roles (Fig-12) within the Orthopaedic knee implant 
medical device industry. 
 

 

Figure 12: Participant's Background. 

The findings of the survey indicate that the majority of participants (46%) possessed extensive 

experience exceeding five years within the medical device sector. Following this, 31% reported 

having two to five years of experience, while 23% had less than two years of experience (Fig-13). 
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Given the correlation between work experience and knowledge in orthopaedic knee implant 

recalls, participants with greater tenure in the field were more likely to contribute to the survey. 

 

Figure 13: Participant’s experience. 

Furthermore, to effectively address research questions, participants were asked about their 
knowledge of orthopaedic medical device recalls. All 71 surveyed participants responded 
positively, demonstrating a high level of awareness concerning recalls in the orthopaedic knee 
implant industry. These results highlight the necessity of considering the participants' knowledge 
and awareness levels when interpreting survey responses and forming conclusions. 
 

4.1.1 Analysis: Factors contributing to orthopaedic knee implant recalls 

 

 

Figure 14: Main contributors of Orthopaedic knee implant recalls. 
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Evaluating whether the responses collected from survey participants conform to a specified 

distribution by checking if participants' preferences for different options are equally distributed or 

if they follow a predicted pattern. 

 

Figure 15: Chi square test result- Minitab. 

 

Figure 16: Observed & Expected value graph. 

The above Fig-15 shows Chi-square Test value χ 2 = 62.09 

 

 

Figure 17: Chi square table. 

Critical Value (𝜒 2 critical) = 9.488 for Degree of freedom (df) = 5-1 = 4, confidence level = 0.05 
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Since the calculated chi-square statistic (62.09) is much greater than the critical value (9.488), 

Hence rejecting the null hypothesis. This indicates that the distribution of participants' preference 

is significantly different from an equal distribution, suggesting that participants do prefer certain 

modes. 

The data highlights several key contributors to orthopaedic knee implant recalls as perceived by 

respondents as shown in Fig-14, Manufacturer defects emerge as the primary concern, with 45% 

of respondents identifying them as the main contributors to orthopaedic recalls. This emphasizes 

the significance of addressing issues within the manufacturing process, such as production errors, 

design flaws, and quality control lapses, to ensure the reliability and safety of orthopaedic devices. 

Furthermore, lack of strict FDA regulation is identified by 16% of respondents as a significant 

factor contributing to orthopaedic recalls. This suggests concerns regarding the adequacy of 

regulatory oversight and enforcement, potentially leading to lapses in product safety and quality 

standards. The need for stronger regulatory measures to mitigate risks associated with orthopaedic 

devices is underscored by this response. Additionally, lack of clinical study emerges as another 

noteworthy contributor to orthopaedic recalls, with 25% of respondents highlighting the 

importance of robust clinical research in evaluating device efficacy and safety. This suggests that 

inadequate clinical data may compromise the understanding of device performance, potentially 

leading to unforeseen complications and recalls. Hospital-related issues, identified by 7% of 

respondents, also contribute to orthopaedic recalls, highlighting the importance of vigilant 

monitoring and reporting mechanisms within healthcare institutions to identify and address device-

related issues promptly. Lastly, other factors, identified by 7% of respondents, suggest additional 

complexities within the orthopaedic device landscape contributing to recalls. While not explicitly 

specified, these factors may include various issues such as material selection, labelling errors, 

packaging issues, and post-market surveillance challenges. 

Overall, the data underscores the multifaceted nature of contributors to orthopaedic recalls, 

emphasizing the need for comprehensive efforts to address manufacturing defects, strengthen 

regulatory oversight, conduct robust clinical studies, enhance hospital monitoring, and mitigate 

other contributing factors to ensure the safety and effectiveness of orthopaedic devices. 

4.1.2 Analysis: Manufacturer recalls- Identifying high risk recalls area 
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Figure 18: Most Recall Manufacturing area. 

The findings from the survey provide valuable insights into the areas where manufacturer recalls 

are most prevalent, as perceived by respondents illustrated in Fig-18. Process control emerges as 

a primary concern, with 28% of respondents highlighting its significance. This underscores the 

critical importance of implementing robust quality control measures throughout the manufacturing 

process to prevent defects and ensure the safety and reliability of orthopaedic devices. Effective 

process control mechanisms can help identify and address issues promptly, thereby minimizing 

the risk of recalls. Additionally, labelling errors are identified as a major area where manufacturer 

recalls occur, with 18% of respondents emphasizing its importance. Ensuring accurate and clear 

product labeling is crucial to prevent confusion or misinterpretation by healthcare professionals or 

patients, thereby mitigating the risk of adverse events and recalls. Software-related issues also 

feature prominently, with 15% of respondents highlighting their significance. This underscores the 

importance of ensuring the reliability and security of software systems integrated into orthopaedic 

devices, as software vulnerabilities or malfunctions can compromise device performance and 

patient safety. Moreover, device design and packaging issues are identified by 8% of respondents 

respectively, suggesting the need for thorough design validation and verification activities and 

robust packaging practices to prevent design flaws and protect product integrity. Sterility issues 

and material mix-ups are also highlighted by 3% and 6% of respondents respectively, emphasizing 

the importance of maintaining sterile conditions throughout the manufacturing process and 

ensuring proper material management to prevent contamination and associated risks. Lastly, other 

factors, identified by 8% of respondents, suggest additional complexities within the manufacturing 

process contributing to recalls. While not explicitly specified, these factors may include various 
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issues such as supplier-related problems, manufacturing process variability, and inadequate quality 

management systems.  

Overall, the data underscores the importance of addressing process control, labelling errors, 

software-related issues, device design, packaging practices, sterility maintenance, and material 

management to minimize the risk of manufacturer recalls and uphold product quality and safety 

standards in the orthopaedic knee implant device industry. 

Evaluating whether the responses collected from survey participants conform to a specified 

distribution by checking if participants' preferences for different options are equally distributed or 

if they follow a predicted pattern. 

 

Figure 19:Chi square test result- Minitab. 

The above Fig-19 shows Chi-square Test value χ 2 = 89.06 

Critical Value (𝜒 2 critical) = 15.51 for Degree of freedom (df) = 9-1 = 8, confidence level = 0.05 

 

Figure 20:Chi square table. 
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Figure 21:Observed & Expected value graph. 

Since the calculated chi-square statistic (89.06) is much greater than the critical value (15.51), 

Hence rejecting the null hypothesis. This indicates that the distribution of participants' preference 

is significantly different from an equal distribution, suggesting that participants do prefer certain 

modes. 

4.1.3 Analysis: Suggestion on manufacturer to minimize recalls 

The findings highlight several key areas that need attention from manufacturers to prevent recalls, 

as emphasized by respondent feedback illustrated in Fig-22. A significant number of respondents, 

counting 27%, underscore the critical importance of process control. This indicates that rigorous 

control and monitoring of manufacturing processes are essential in preventing defects and ensuring 

product quality and safety. Additionally, respondents emphasize the significance of adhering to 

Quality Management System (QMS) standards, with 24% of respondents stressing the need for 

robust QMS implementation. This underscores the importance of establishing comprehensive 

quality management processes to maintain consistency and compliance throughout the 

manufacturing process. 
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Figure 22: The area that Manufacturer needs to focus on 

Furthermore, attention to device design emerges as another crucial area, with 8% of respondents 

indicating its importance. This underscores the need for thorough design validation and 

verification activities to identify and rectify potential design flaws that could compromise product 

functionality and safety. Similarly, software-related issues are highlighted by 12% of respondents, 

emphasizing the importance of ensuring the reliability and security of software systems integrated 

into medical devices. Labelling errors, packaging issues, and material mix-ups are also identified 

as areas requiring attention to prevent recalls, with 13%, 4%, and 3% respondents respectively 

highlighting these concerns. Ensuring accurate and clear product labelling, robust packaging, and 

proper material management are essential to minimize the risk of errors and ensure product 

integrity. Additionally, respondents identify sterility as a critical aspect, with 3% of respondents 

emphasizing the importance of maintaining sterile conditions throughout the manufacturing 

process to prevent contamination and associated risks. 

Evaluating whether the responses collected from survey participants conform to a specified 

distribution by checking if participants' preferences for different options are equally distributed or 

if they follow a predicted pattern. 

The below Fig-24 shows Chi-square Test value χ 2 = 150.44 

Critical Value (𝜒 2 critical) = 16.92 for Degree of freedom (df) = 10-1 = 9, confidence level = 0.05 
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Figure 23:Chi square table. 

 

Figure 24:Chi square test result- Minitab. 

 

Figure 25: Observed & Expected value graph. 

Since the calculated chi-square statistic (150.44) is much greater than the critical value (16.92), 

Hence rejecting the null hypothesis. This indicates that the distribution of participants' preference 

is significantly different from an equal distribution, suggesting that participants do prefer certain 

modes. 

Overall, the data suggests that manufacturers should prioritize enhancing process control, adhering 

to QMS standards, ensuring robust design and software validation, addressing labelling and 

packaging concerns, maintaining sterility, and mitigating material mix-ups to prevent recalls and 

uphold product quality and safety standards. 

4.1.4 Analysis: FDA Approval pathway contributes to recalls 

The findings shed light on the FDA approval processes and the frequency of recalls as perceived 

by respondents participating in this research study illustrated in Fig-26. The data underscores 

significant concerns regarding the 510K Premarket Notification Process, with a substantial 
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majority of 39% individuals identifying it as the stage where recalls occur most frequently. This 

indicates a potential issue with the clearance of medical devices through this pathway, which relies 

on demonstrating substantial equivalence rather than extensive clinical data, potentially raising 

questions about the adequacy of safety assessments. Moreover, the identification of mixed 

approvals by 17% of respondents as a notable area for recalls suggests possible challenges or 

inconsistencies in the regulatory approach, particularly for devices subject to multiple approval 

pathways. This finding highlights the need for clearer guidelines and standardized procedures to 

ensure consistent and robust oversight. The recognition of general controls as another significant 

stage for recalls by 20% of respondents raises concerns about systemic issues within the regulatory 

framework applicable to all medical devices. Addressing these issues is crucial to prevent recurrent 

recall events and enhance overall patient safety. 

 

Figure 26: Recalls on different regulatory approval pathway process. 

Conversely, a smaller proportion of respondents, counting 13%, pinpoint the PMA (Premarket 

Approval) Process as the stage where recalls occur most frequently. This finding may indicate that 

the rigorous requirements of the PMA process, which demand comprehensive clinical data for 

high-risk devices, generally result in fewer recalls compared to the 510K pathway. 

Furthermore, the acknowledgment by 11% of respondents of other areas where recalls are common 

underscores the complex and multifaceted challenges inherent in the FDA approval process. This 

highlights the necessity for a holistic approach to regulatory reforms and interventions aimed at 

strengthening oversight and safeguarding patient safety across the entire medical device approval 

lifecycle. 

In conclusion, these findings emphasize the urgent need for targeted interventions and regulatory 

reforms to address the identified concerns and enhance the effectiveness of the FDA approval 

process. Strengthening oversight and ensuring rigorous safety assessments are essential to 

minimize the occurrence of recalls and uphold patient safety standards. 
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Evaluating whether the responses collected from survey participants conform to a specified 

distribution by checking if participants' preferences for different options are equally distributed or 

if they follow a predicted pattern. 

The below Fig-28 shows Chi-square Test value χ 2 = 18.27 

Critical Value (𝜒 2 critical) = 9.49 for Degree of freedom (df) = 5-1 = 4, confidence level = 0.05 

 

Figure 27: Chi square table. 

 

Figure 28: Chi square test result- Minitab. 

 

Figure 29: Observed & Expected value graph. 

Since the calculated chi-square statistic (18.27) is much greater than the critical value (9.49), 

Hence rejecting the null hypothesis. This indicates that the distribution of participants' preference 

is significantly different from an equal distribution, suggesting that participants do prefer certain 

modes. 
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4.1.5 Analysis: Suggestion of FDA Approval pathways 

 

 

Figure 30: Suggestion on Regulatory approval pathways. 

The findings offer valuable perspectives on areas (Fig-30) within the FDA regulatory framework 

that require tighter regulations to prevent future recalls, reflecting the collective opinions of 

respondents and highlighting key areas of focus. Foremost among the identified areas for 

enhancement is the 510K Premarket Notification process, which a substantial proportion of 41% 

of respondents emphasize as needing tighter regulations. This underscore concerns regarding the 

current efficacy of requirements for demonstrating the safety and effectiveness of devices cleared 

through this pathway. The emphasis on tighter regulations suggests a pressing need to reassess the 

criteria for substantial equivalence and to enhance scrutiny to ensure robust safety standards are 

met prior to market clearance. Furthermore, 25% of respondents believe strengthening general 

controls, which constitute the foundational regulatory requirements for all medical devices. 

Strengthening general controls is seen as imperative for addressing systemic issues and enhancing 

overall compliance with regulatory standards, potentially mitigating recall risks stemming from 

fundamental regulatory lapses. Moreover, 11% of respondents underscore the significance of 

tightening regulations surrounding the PMA process, particularly for high-risk medical devices. 

This underscores the importance of stringent requirements for demonstrating safety and 

effectiveness through comprehensive clinical data, aiming to mitigate risks associated with novel 

or high-risk devices and minimize the likelihood of recalls. However, a smaller subset of 

respondents, totalling 6%, point to the necessity for improvements in mixed approvals, indicating 

potential gaps or inconsistencies in the regulatory approach for devices subject to multiple 

approval pathways. Addressing these concerns is essential to ensure a consistent and robust 
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regulatory framework that effectively evaluates the safety and efficacy of devices with diverse 

approval pathways. Lastly, 17% of respondents identify additional areas for regulatory 

enhancement, suggesting a diverse array of concerns or perceived shortcomings within the current 

FDA regulatory framework. These findings underscore the complex challenges faced by 

regulatory authorities in striking a balance between fostering innovation and ensuring patient 

safety. Targeted interventions aimed at strengthening the regulatory framework are crucial to 

mitigate recall risks and uphold patient safety standards within the orthopaedic knee implant 

domain. 

Evaluating whether the responses collected from survey participants conform to a specified 

distribution by checking if participants' preferences for different options are equally distributed or 

if they follow a predicted pattern. 

The below Fig-32 shows Chi-square Test value χ 2 = 26.82 

Critical Value (𝜒 2 critical) = 9.49 for Degree of freedom (df) = 5-1 = 4, confidence level = 0.05 

 

Figure 31: Chi square table. 

 

Figure 32: Chi square test result- Minitab. 
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Figure 33:Observed & Expected value graph. 

Since the calculated chi-square statistic value (26.82) is much greater than the critical value (9.49), 

Hence rejecting the null hypothesis. This indicates that the distribution of participants' preference 

is significantly different from an equal distribution, suggesting that participants do prefer certain 

modes. 

4.1.6 Analysis: Effectiveness of current system on orthopaedic knee implant 

 

Figure 34: Current system effectiveness. 

The data suggests a mixed sentiment (Fig-34) regarding the effectiveness of the current regulatory 

framework and standards governing medical device manufacturing. While 28% of respondents 

express confidence in the efficacy of the existing system, with regards to standards such as medical 

device standard-21CFR Part 820, Design control- FDA 21 CFR 820.30, ISO 14971:2019- Medical 

devices Risk Management, and Regulatory framework- 510K & PMA Approval, a sizable portion, 

comprising 16% of respondents, voice concerns about its effectiveness. This suggests that there 

may be perceived inadequacies or shortcomings in the current regulatory framework and standards, 

prompting doubts about its ability to ensure the safety and quality of orthopaedic knee implant 
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devices. Additionally, a significant number of respondents, totalling 54%, express uncertainty, 

indicating a need for further evaluation and potentially, improvements to the existing system.  

These findings underscore the importance of ongoing regulatory oversight and continuous 

improvement efforts to address emerging challenges and enhance patient safety in the orthopaedic 

knee implant device industry. Further research and stakeholder engagement may be necessary to 

identify areas for improvement and strengthen the regulatory framework to better align with 

evolving industry standards and best practices. 

Evaluating whether the responses collected from survey participants conform to a specified 

distribution by checking if participants' preferences for different options are equally distributed or 

if they follow a predicted pattern. 

The below Fig-36 shows Chi-square Test value χ 2 = 14.05 

Critical Value (𝜒 2 critical) = 5.99 for Degree of freedom (df) = 3-1 = 2, confidence level = 0.05 

 

Figure 35: Chi square table. 

 

Figure 36: Chi square test result- Minitab. 
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Figure 37:Observed & Expected value graph. 

Since the calculated chi-square statistic value (14.05) is much greater than the critical value (5.99), 

Hence rejecting the null hypothesis. This indicates that the distribution of participants' preference 

is significantly different from an equal distribution, suggesting that participants do prefer certain 

modes. 

4.1.7 Analysis: Identifying gaps on current system on orthopaedic knee implant & see if 

an improvement required 

 

 

Figure 38: Sentiment about gaps in current system. 

The finding reveals a notable level of uncertainty and skepticism regarding the effectiveness of the 

current regulatory system governing orthopaedic knee implant medical device manufacturing (Fig-

38).A significant portion of respondents, totaling 60% individuals, express ambiguity about 

whether the existing system, including standards such as Medical Device Quality System 

Regulations (21CFR Part 820), Design Control (FDA 21 CFR 820.30), ISO 14971:2019 for 

Medical Devices Risk Management, and Regulatory framework for 510K & PMA Approval, has 

some gaps and requires improvement. This uncertainty underscores the need for further evaluation 

and potential enhancements to address perceived deficiencies in the regulatory framework. 
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Moreover, 27% of respondents acknowledge the presence of gaps and the necessity for 

improvement, indicating concerns about the adequacy of current regulations and standards in 

ensuring the safety and quality of orthopaedic devices. While a smaller group of 13% respondents 

express confidence in the sufficiency of the current system, the prevailing sentiment of uncertainty 

and recognition of potential gaps suggest a critical need for regulatory reform and continuous 

improvement efforts. These findings underscore the importance of ongoing stakeholder 

engagement, rigorous oversight, and proactive measures to strengthen the regulatory framework 

and enhance patient safety in the orthopaedic device industry. Further collaboration between 

industry stakeholders, regulatory agencies, and policymakers may be necessary to address 

identified gaps and implement effective reforms that align with evolving industry standards and 

best practices. 

Evaluating whether the responses collected from survey participants conform to a specified 

distribution by checking if participants' preferences for different options are equally distributed or 

if they follow a predicted pattern. 

The below chart shows Chi-square Test value χ 2 = 25.80 

Critical Value (𝜒 2 critical) = 5.99 for Degree of freedom (df) = 3-1 = 2, confidence level = 0.05 

 

Figure 39:Chi square table. 

 

Figure 40:Chi square test result- Minitab. 
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Figure 41:Observed & Expected value graph. 

Since the calculated chi-square statistic value (25.08) is much greater than the critical value (5.99), 

Hence rejecting the null hypothesis. This indicates that the distribution of participants' preference 

is significantly different from an equal distribution, suggesting that participants do prefer certain 

modes. 

4.1.8 Analysis: Challenges on current system of orthopaedic knee implant 

Based on the respondents' feedback, several key themes were emerged regarding the primary 

challenges and considerations in the field of orthopaedic knee implant device recalls. These themes 

can be grouped into various categories, each reflecting specific concerns and issues emphasized in 

the feedback.  

The identified main themes are: 

Process Design and Control: Emphasizes the need for robust initial controls and attention to 

detail. 

Supplier and Material Issues: Highlights the impact of supplier compliance on product quality. 

Regulatory Challenges: Discusses the difficulties of adhering to evolving regulatory 

requirements and the issues with predicate approval processes. 

Innovation and Market Pressures: Points to the risks associated with rapid innovation and the 

pressure to bring products to market quickly. 

Quality Management Systems (QMS): Underlines the importance of comprehensive quality 

control and alignment with international standards. 

Human Factors: Focuses on the human element in maintaining product quality and safety. 

Patient Safety and Product Quality: Stresses the importance of meeting patient needs and 

ensuring product integrity. 
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Documentation and Compliance: Addresses the challenges of managing extensive 

documentation and staying compliant with regulations. 

The challenges identified within the current system of orthopaedic knee implant medical device 

regulation and manufacturing are multifaceted and encompass various aspects of process design, 

regulatory compliance, innovation, and patient safety. Numerous respondents express concerns 

regarding process design and control, highlighting deficiencies in attention to detail, robust process 

controls, and supplier-related issues such as material quality and adherence to quality management 

system standards. Additionally, the pursuit of innovation and speed to market is seen as potentially 

compromising patient safety, with some companies taking risks to expedite product approval. 

There are also concerns about the confidence on predictive approval paths and the lack of thorough 

review leading to recalls. Moreover, the evolving regulatory environment, complex devices, and 

rapid technological innovation pose significant challenges for manufacturers in ensuring 

compliance and producing safe, effective products. Other challenges cited include the burden of 

paperwork, the human element in staff training and operating procedures, and the need to balance 

cost, quality, and safety in product development.  

Overall, these challenges underscore the importance of ongoing regulatory reform, technological 

innovation, and industry collaboration to address systemic issues and enhance patient outcomes in 

the orthopaedic medical device sector. 

4.1.9 Analysis: Proposing changes on any specific standard – Manufacturing QMS 

standard, FDA regulatory framework, Clinical study requirement, Hospital use. 

 

Based on the respondents' feedback, several key themes were emerged regarding opinions and 

suggestions related to the orthopaedic knee implant device recall system.  

Here are the identified themes: 

Quality Management System (QMS): Emphasis on robust QMS incorporating risk management 

principles and ensuring compliance. 

Regulatory Framework: Need for rigorous and evolving regulatory standards, improvement in 

FDA processes, and global alignment. 

Clinical Study Requirements: Essential role of clinical evidence and post-market surveillance in 

ensuring product safety and effectiveness. 

Risk Management: Importance of effective risk management throughout the product lifecycle. 

Approval Process: Necessity for a thorough and systematic approval process for all products. 
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Regulation and Monitoring: Better monitoring, support from governing bodies, and ensuring 

strict adherence to standards. 

Post-Market Surveillance: Continuous monitoring and data-driven feedback mechanisms. 

Industry Dynamics: Addressing the challenges posed by a fast-paced and competitive industry 

while ensuring compliance and innovation. 

The finding reveals regarding specific changes required in the current medical device landscape 

reflect a diverse range of opinions and perspectives. Some respondents express satisfaction with 

the current system when followed effectively, suggesting that no changes are necessary. However, 

others advocate for improvements in various areas, such as enhancing cooperation with small and 

medium-sized enterprises (SMEs), providing better information, and monitoring from governing 

bodies, and refining the FDA approval process and manufacturer Quality Management Systems 

(QMS). Suggestions for incorporating principles from ISO 14971 (Risk Management for Medical 

Devices) into QMS requirements and addressing risk and lifecycle approaches in QMS are also 

made. Additionally, there are calls for strengthening post-market surveillance, clinical evidence 

requirements, and regulation, particularly in highly competitive and dynamic industries. Some 

respondents emphasize the need for rigorous regulatory reviews and strong risk management 

systems. Overall, the responses highlight the complexity of the medical device landscape and the 

importance of continuous improvement to ensure patient safety and product effectiveness. 

4.1.10 Analysis: Improvement proposal on current orthopaedic knee implant system to 

prevent future recalls 

Based on the respondents' feedback, several key themes were emerged regarding the suggested 

improvements and current practices in the orthopaedic knee implant device industry.  

Here are the identified themes: 

Process Control and Risk Management: Emphasizing better control and risk management 

throughout the product lifecycle. 

Regulatory Framework and Oversight: Need for stricter regulatory standards and oversight, 

including a separate recall investigation committee. 

Quality Management System (QMS): Focus on robust QMS standards, better software systems, 

and rigorous document reviews. 

Regulatory and Clinical Requirements: Strengthening clinical trials, regulatory reviews, and 

post-market surveillance. 

Automation and Technology Integration: Leveraging automation and AI to improve quality, 

safety, and efficiency. 
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Organizational and Operational Improvements: Enhancing organizational controls, retaining 

experienced staff, and adopting a system thinking approach. 

Collaboration and Communication: Encouraging collaboration among industry stakeholders 

and better communication. 

Stakeholder Perspectives: Mixed opinions on the need for changes, with some advocating for 

strict adherence to current standards and others calling for continuous improvements. 

The finding reveals that improving the current system to prevent Ortho knee implant device recalls 

in the future requires a comprehensive approach addressing various aspects of the product lifecycle 

and regulatory framework. Suggestions from respondents highlight the importance of better 

control of processes and robust risk management practices to identify and mitigate potential issues 

early on. Creating a culture of precision among operators, dedicating more time and resources to 

research and design validation, and retaining experienced staff are also emphasized as critical 

factors. Some suggest revisiting and refining the current medical device Quality Management 

System (QMS) standard and FDA regulatory framework to address existing gaps and ensure 

thorough compliance. Additionally, there are calls for establishing separate teams to handle recalls 

and implement corrective actions, enhancing regulatory oversight, and promoting collaboration 

between industry, academia, and regulatory agencies to conduct research and improve risk 

management practices. Strengthening quality control measures, improving clinical trials and post-

market monitoring, and adopting automation where possible are also cited as necessary steps. 

Overall, the responses underscore the need for a multifaceted approach, encompassing regulatory 

reforms, enhanced quality control measures, and a culture of continuous improvement to prevent 

orthopaedic knee implant device recalls in the future. 

4.2 Discussion on Findings & Analysis: 

Objective#1: Investigate main factors that are contributing to Orthopaedic knee implant device 

recalls. 

Discussion on factors contributing to Orthopaedic knee implant recalls: 

The data from the survey provides crucial insights into the factors contributing to orthopaedic knee 

implant recalls as perceived by respondents, shedding light on various aspects of manufacturing, 

regulation, and clinical research. Manufacturer defects emerge as the primary concern, with 45% 

of respondents identifying them as the main contributors to orthopaedic knee implant recalls. This 

highlights the critical need to address issues within the manufacturing process, such as production 

errors, design flaws, and quality control lapses, to ensure the reliability and safety of orthopaedic 

knee implant devices. Strengthening quality control measures and implementing robust design 

validation protocols are paramount to minimize the risk of defects and subsequent recalls.  

Furthermore, the lack of strict FDA regulation is identified by 16% of respondents as a significant 

factor contributing to orthopaedic knee implant recalls. This underscore concerns regarding 
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regulatory oversight and enforcement, potentially leading to lapses in product safety and quality 

standards. Strengthening regulatory measures is imperative to mitigate risks associated with 

orthopaedic knee implant devices and enhance patient safety. Inadequate clinical study also 

emerges as a significant contributor to orthopaedic recalls, with 25% of respondents highlighting 

the importance of robust clinical research in evaluating device efficacy and safety. This suggests 

that insufficient clinical data may compromise the understanding of device performance, leading 

to unforeseen complications and recalls. 

Hospital-related issues, identified by 7% of respondents, also contribute to orthopaedic knee 

implant recalls, emphasizing the importance of vigilant monitoring and reporting mechanisms 

within healthcare institutions to identify and address device-related issues promptly. Additionally, 

various other factors such as process control, labelling errors, software-related issues, device 

design, packaging practices, sterility maintenance, and material management are highlighted as 

contributing to recalls by respondents. Addressing these factors requires comprehensive efforts 

across the manufacturing process to ensure product quality and safety standards are upheld. 

In conclusion, the data underscores the multifaceted nature of contributors to orthopaedic knee 

implant recalls, emphasizing the need for comprehensive efforts to address manufacturing defects, 

strengthen regulatory oversight, conduct robust clinical studies, enhance hospital monitoring, and 

mitigate other contributing factors. By prioritizing these efforts, manufacturers can minimize the 

risk of recalls and uphold product quality and safety standards in the orthopaedic knee implant 

device industry, ultimately benefiting patient well-being and fostering public trust. 

Discussion on Manufacturer- Orthopaedic knee implant recalls: 

The survey findings offer crucial insights into the areas where manufacturer recalls are most 

prevalent, as perceived by respondents within the orthopaedic knee implant device industry. 

Process control emerges as a primary concern, with 29% of respondents highlighting its 

significance. This underscores the critical importance of implementing robust quality control 

measures throughout the manufacturing process to prevent defects and ensure the safety and 

reliability of orthopaedic devices. Effective process control mechanisms play a pivotal role in 

identifying and addressing issues promptly, thereby minimizing the risk of recalls and maintaining 

product quality standards. Furthermore, labelling errors are identified as a major area where 

manufacturer recalls occur, with 18% of respondents emphasizing its importance. Ensuring 

accurate and clear product labelling is crucial to prevent confusion or misinterpretation by 

healthcare professionals or patients, thereby mitigating the risk of adverse events and recalls. 

Software-related issues also feature prominently, with 16% of respondents highlighting their 

significance. This underscores the importance of ensuring the reliability and security of software 

systems integrated into orthopaedic devices, as software vulnerabilities or malfunctions can 

compromise device performance and patient safety. Moreover, device design and packaging issues 

are identified by 9% and 8% of respondents respectively, suggesting the need for thorough design 

validation and verification activities and robust packaging practices to prevent design flaws and 
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protect product integrity. Sterility issues and material mix-ups are also highlighted by 3% and 6% 

of respondents respectively, emphasizing the importance of maintaining sterile conditions 

throughout the manufacturing process and ensuring proper material management to prevent 

contamination and associated risks. Lastly, other factors, identified by 8% of respondents, suggest 

additional complexities within the manufacturing process contributing to recalls. While not 

explicitly specified, these factors may include various issues such as supplier-related problems, 

manufacturing process variability, and inadequate quality management systems. Overall, the data 

underscores the importance of addressing process control, labelling errors, software-related issues, 

device design, packaging practices, sterility maintenance, and material management to minimize 

the risk of manufacturer recalls and uphold product quality and safety standards in the orthopaedic 

knee implant device industry. By prioritizing efforts to address these key areas, manufacturers can 

enhance patient safety, mitigate risks, and maintain public trust in orthopaedic knee implant 

devices. 

Discussion on FDA Approval pathways leading to Orthopaedic knee implant recalls: 

The survey findings provide valuable insights into the FDA approval processes and the frequency 

of recalls as perceived by respondents within the medical device industry. Significant concerns are 

highlighted regarding the 510K Premarket Notification Process, with a substantial majority of 39% 

individuals identifying it as the stage where recalls occur most frequently. This raises questions 

about the adequacy of safety assessments within this pathway, which relies on demonstrating 

substantial equivalence rather than extensive clinical data. The potential issue with clearance 

through this pathway underscores the importance of reevaluating the regulatory approach to ensure 

robust safety assessments and minimize the occurrence of recalls. Moreover, the identification of 

mixed approvals as a notable area for recalls by 20% of respondents suggests possible challenges 

or inconsistencies in the regulatory approach, particularly for devices subject to multiple approval 

pathways. This finding underscores the need for clearer guidelines and standardized procedures to 

ensure consistent and robust oversight across all approval pathways. The recognition of general 

controls as another significant stage for recalls by 17% of respondents raises concerns about 

systemic issues within the regulatory framework applicable to all medical devices. Addressing 

these systemic issues is crucial to prevent recurrent recall events and enhance overall patient safety. 

Conversely, a smaller proportion of respondents, totalling 13%, pinpoint the PMA (Premarket 

Approval) Process as the stage where recalls occur most frequently. This finding may indicate that 

the rigorous requirements of the PMA process, which demand comprehensive clinical data for 

high-risk devices, generally result in fewer recalls compared to the 510K pathway. However, 

continuous vigilance and improvement within the PMA process are still necessary to uphold safety 

standards effectively. Furthermore, the acknowledgment by 11% of respondents of other areas 

where recalls are common underscores the complex and multifaceted challenges inherent in the 

FDA approval process. This highlights the necessity for a holistic approach to regulatory reforms 

and interventions aimed at strengthening oversight and safeguarding patient safety across the entire 

medical device approval lifecycle. 
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In conclusion, these findings emphasize the urgent need for targeted interventions and regulatory 

reforms to address the identified concerns and enhance the effectiveness of the FDA approval 

process. Strengthening oversight and ensuring rigorous safety assessments are essential to 

minimize the occurrence of recalls and uphold patient safety standards, ultimately benefiting 

public health and well-being. 

Objective#2: Discover if current system is effective or improvement is required. 

Discussion on effectiveness of current system: 

The survey results reveal a mixed sentiment regarding the effectiveness of the current regulatory 

framework and standards governing medical device manufacturing within the orthopaedic knee 

implant device industry. While a portion of respondents, comprising 28% individuals, express 

confidence in the efficacy of existing standards such as medical device standard-21CFR Part 820, 

Design control- FDA 21 CFR 820.30, ISO 14971:2019- Medical devices Risk Management, and 

Regulatory framework- 510K & PMA Approval, a sizable contingent of 18% individuals voice 

concerns about its effectiveness. This discrepancy suggests that there may be perceived 

inadequacies or shortcomings in the current regulatory framework and standards, prompting 

doubts about their ability to ensure the safety and quality of orthopaedic knee implant devices. 

Moreover, a significant number of respondents, totalling 54%, express uncertainty, indicating a 

need for further evaluation and potentially, improvements to the existing system. This uncertainty 

underscores the complexity and evolving nature of regulatory challenges within the orthopaedic 

knee implant device industry, necessitating ongoing evaluation and refinement of regulatory 

practices to address emerging issues effectively. These findings highlight the importance of 

ongoing regulatory oversight and continuous improvement efforts to address emerging challenges 

and enhance patient safety in the orthopaedic knee implant device industry. Further research and 

stakeholder engagement may be necessary to identify areas for improvement and strengthen the 

regulatory framework to better align with evolving industry standards and best practices. 

In conclusion, the mixed sentiment regarding the effectiveness of the current regulatory framework 

underscores the need for proactive measures to address perceived inadequacies and uncertainties. 

By prioritizing ongoing regulatory oversight, continuous improvement efforts, and stakeholder 

engagement, regulatory authorities can work towards enhancing patient safety and ensuring the 

quality and effectiveness of orthopaedic knee implant devices. 

4.3 Critical Analysis: Literature Vs research findings 

4.3.1 Common findings: Literature vs research findings 

Literature Review: Total orthopaedic device recalls 

The literature review categorized the reasons for recalls into two main groups: 

• Manufacturer-determined reasoning for recall 

• FDA-determined reasoning for recall 



 
 

63 
 

Research Findings: Only orthopaedic knee implant device and carried out research on whole 

orthopaedic knee implant system. 

The research categorized the reasons for recalls into five main groups: 

• Manufacturer defects are identified as the primary concern (45% of respondents). 

• Lack of strict FDA regulation  

• Lack of Clinical study   

• Hospital  

• Other  

Literature Review: 

• Manufacturer-determined reasoning for recall: The literature review has covered based on 

different stages of the production cycle: device design, manufacturing, processing, 

packaging, sterility, software, and marketing.  

• FDA-determined reasoning for recall: predominantly 510(k) premarket notification 

process & PMA process. 

Research Findings:  

Manufacturer-recall: Research has been covered into Device design, Process design, Process 

control Labelling, Packaging, Sterility, Software, Material mix up, Others etc. 

FDA Approved pathways recall: 510K Premarket notification Process, PMA (Pre- Market 

Approval Process, General Controls, Mixed Approvals, Others etc. 

Effectiveness of the current regulatory system: Mixed sentiments are observed (Confidence & 

Concerns, uncertainty) 

4.3.2 Critical Evaluation: Literature vs research findings 

Literature Strengths: Extensive historical data, theoretical grounding. 

Research finding Strengths: Current stakeholder feedback, practical recommendations. 

Weaknesses: Literature lacks current perspectives, while research has a limited sample size and 

short period of time, participants perceiving himself or herself as an integral part of the industry. 

4.3.3 Comparative Analysis: Literature vs research findings 

Overlapping Themes: 

Manufacturing and Design Defects: 
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Both literature and research findings consistently identify manufacturing defects and design flaws 

as leading causes of recalls. This alignment underscores the critical need for rigorous quality 

control and design validation. 

Regulatory and Approval Processes: 

The literature points out the high number of recalls associated with the 510(k) pathway. Research 

findings echo this concern, with many respondents highlighting inadequate safety assessments 

within this process. Both sources suggest a need for more stringent regulatory scrutiny. 

Software and Labelling Issues: 

While software issues were less frequent in the literature, they were more prominent in respondent 

feedback (16%). Similarly, labelling errors were significant in both sources, emphasizing the 

necessity for clear and accurate product information. 

Manufacturing vs. Regulatory Factors: Both the literature review and research findings 

emphasize manufacturing defects and regulatory issues as primary recall factors. The literature 

review focuses on specific stages in the production cycle, while the research highlights broader 

themes such as process control, regulatory oversight, and clinical research inadequacies. 

Statistics vs. Perceptions: The literature review provides detailed statistics on recall reasons, such 

as packaging errors and manufacturing/design flaws. The research findings, however, reflect 

respondent perceptions, with highlighting manufacturer defects and pointing out to regulatory 

lapses. 

FDA Approval Pathways: Both sources critique the 510(k) process. The literature shows a higher 

recall rate among devices approved through 510(k). while the research findings reveal significant 

concern among respondents about this pathway’s adequacy. 

Methodological Differences: Literature uses historical data analysis, while research used surveys. 

4.3.4 Divergent Insights: Literature vs research findings 

Packaging Errors: 

The literature emphasizes packaging errors as the leading cause of recalls, a pointing less 

highlighted in the research findings where process control and manufacturing defects took 

precedence. This discrepancy suggests that while packaging errors are critical, broader 

manufacturing controls might address more pervasive issues. 

Hospital-Related Issues: 

Hospital-related issues were noted by respondents but were not a major focus in the literature 

review. This highlights the need for better hospital-level vigilance and reporting mechanisms to 

complement manufacturer controls. 
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FDA Regulation Perception: 

Research findings indicate a significant concern about the lack of strict FDA regulation, a 

sentiment less emphasized in the literature review. This indicates a potential gap between 

regulatory expectations and perceived enforcement efficacy. 

Recommendations for Improvement: 

Enhance Process Control and Quality Management: 

Strengthen process control mechanisms and adhere strictly to QMS standards to address 

manufacturing defects and ensure consistency. 

Revise FDA Regulatory Framework: 

Reassess the 510(k) process to ensure rigorous safety assessments and consider integrating more 

stringent clinical data requirements to enhance premarket evaluation. 

Strengthen Post-Market Surveillance: 

Implement robust post-market surveillance and feedback mechanisms to identify and address 

issues promptly, leveraging data to inform continuous improvement. 

Address Design and Software Reliability: 

Prioritize thorough design validation and software reliability to mitigate the risk of recalls related 

to design flaws and software malfunctions. 

Improve Labelling and Packaging Practices: 

Ensure accurate and clear product labelling and robust packaging practices to prevent errors and 

ensure product integrity. 

Promote Regulatory and Industry Collaboration: 

Foster collaboration between manufacturers, regulatory bodies, and healthcare providers to share 

best practices, enhance compliance, and improve patient safety. 

Improvement Areas Identified: 

Process Control and Risk Management 

Enhance quality control and process validation. 

Implement robust risk management practices throughout the product lifecycle. 

Regulatory Framework and Oversight: 
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Reassess and tighten 510(k) premarket notification criteria. 

Strengthen general controls and regulatory oversight. 

Introduce a dedicated recall investigation committee. 

Quality Management System (QMS): 

Adhere to comprehensive QMS standards, incorporating risk management principles. 

Conduct thorough design validation and verification. 

Clinical Study Requirements: 

Emphasize the importance of clinical evidence and post-market surveillance. 

Ensure robust clinical trials and ongoing monitoring to evaluate device performance. 

Technological Integration: 

Leverage automation and AI to enhance quality and efficiency. 

Ensure software reliability and security to prevent malfunctions. 

Stakeholder Collaboration: 

Encourage collaboration among manufacturers, regulatory bodies, healthcare providers, and 

academic institutions. 

Enhance communication and information sharing to address potential issues proactively. 

Continuous Improvement and Innovation: 

Promote a culture of precision and continuous improvement. 

Balance innovation with rigorous safety and quality standards to prevent recalls and ensure patient 

safety. 

4.3.5 Gaps Identified: Literature vs research findings. 

• Limited focus on analysing whole system of orthopaedic knee implant products, lack of 

manufacturer defective area, post-market surveillance, small medium size company 

involvement and substantial equivalence FDA pathway approval process, clinical study 

requirements and utilizing automation to enhance efficiency and effectiveness across all 

stages of the product lifecycle. 

• Limited focus on Risk management process. 

• Limited focus on analysing effectiveness of current orthopaedic knee Implant device 

system. 
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4.3.6 Gaps and Future Research: 

Addressed Gaps: The research filled the gap on stakeholder perspectives and practical 

recommendations. 

New Gaps: Future research could explore the effectiveness of proposed changes like a dedicated 

recall committee, incorporating risk management principles into QMS standards, Stakeholder 

Collaboration, Technological Integration, utilizing automation to enhance efficiency and 

effectiveness across all stages of the product lifecycle. 
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5 CHAPTER 

Conclusion & Recommendation: 

5.1 Possible limitations in the research methodology 

The research data was collected from each individual perceiving himself or herself as an integral 

part of the industry and therefore it’s subjective approach to some extent. To overcome this bias, 

diversified role in orthopaedic knee implants were chosen to participate in survey to gain a 

comprehensive overview of the topic. 

The study is cross-sectional, capturing data at a single point in time. A longitudinal study tracking 

professionals over time could offer a more comprehensive understanding of how their perspectives 

and experiences evolve in response to changes in the industry, regulations, technology, etc. 

While the study focused on professionals directly involved in the full life cycle of knee implant 

products, it did not include perspectives from other stakeholders such as patients, surgeons, or 

healthcare providers. 

With rapid advancements in technology, particularly in Automation manufacturing areas such as 

artificial intelligence, robotics, and materials science, 3D printing. further research could explore 

how these emerging technologies are shaping the orthopaedic knee implant industry. 

5.2 Recommendations & improvement suggestion for future:  

5.2.1 Recommendation For Manufacturer:  

Based on the insights gathered from respondent feedback, several key recommendations can be 

made to manufacturers to prevent recalls and uphold product quality and safety standards (Table-

9): 

Theme 
Percentage of 

Respondents 
Recommendations 

Enhance Process Control 

27% 

Implement rigorous control and 

monitoring mechanisms, regular quality 

checks, thorough inspections, and 

continuous improvement initiatives. 

Adhere to Quality 

Management System (QMS) 

Standards 

24% 

Establish comprehensive quality 

management processes to maintain 

consistency, compliance, and traceability 

throughout the manufacturing lifecycle. 

Process design & Other 
factors 

Process design: 
4%. Others: 2% 

Focusing on robust process design to 
improve efficiency and reduce errors. This 
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includes refining design protocols and 
addressing other minor factors that 
contribute to overall product quality and 
safety. 

Thoroughly Validate Device 

Design 

8% 

Conduct thorough design validation and 

verification activities to identify and 

rectify potential design flaws early. 

Ensure Software Reliability 

and Security 

12% 

Prioritize ensuring the reliability and 

security of software systems integrated 

into medical devices to prevent 

malfunctions or vulnerabilities. 

Address Labelling, 

Packaging, and Material 

Management Concerns 

Labelling:13%, 

Packaging:4%, 

Material:3% 

Focus on ensuring accurate and clear 

product labelling, robust packaging 

practices, and proper material 

management protocols. 

Maintain Sterility Throughout 

Manufacturing 

3% 

Implement stringent measures to uphold 

sterility, including appropriate protocols, 

equipment, and training. 

Table 9: Recommendation for Manufacturer 

Enhance Process Control: Given the significant emphasis placed by 27% of respondents on 

process control, it is imperative for manufacturers to implement rigorous control and monitoring 

mechanisms throughout the manufacturing process. This includes regular quality checks, thorough 

inspection procedures, and continuous improvement initiatives to prevent defects and ensure 

product consistency. 

Adhere to Quality Management System (QMS) Standards: The importance of robust QMS 

implementation, highlighted by 24% of respondents, cannot be overstated. Manufacturers should 

prioritize establishing comprehensive quality management processes to maintain consistency, 

compliance, and traceability throughout the manufacturing lifecycle. 

Thoroughly Validate Device Design: With 8% of respondents stressing the importance of device 

design, manufacturers must conduct thorough design validation and verification activities. 

Identifying and rectifying potential design flaws early on is crucial to prevent issues that could 

compromise product functionality and safety. 

Ensure Software Reliability and Security: Software-related issues, as emphasized by 12% of 

respondents, need careful attention. Manufacturers should prioritize ensuring the reliability and 

security of software systems integrated into medical devices to prevent malfunctions or 

vulnerabilities that could pose risks to patient safety. 
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Address Labelling, Packaging, and Material Management Concerns: The identification of 

labelling errors by 13% of respondents, packaging issues by 4% of respondents, and material mix-

ups by 3% of respondents underscores the need for meticulous attention to detail in these areas. 

Manufacturers should focus on ensuring accurate and clear product labelling, robust packaging 

practices, and proper material management protocols to minimize the risk of errors and ensure 

product integrity. 

Maintain Sterility Throughout Manufacturing: With 3% of respondents highlighting the 

importance of maintaining sterile conditions, manufacturers must prioritize stringent measures to 

uphold sterility throughout the manufacturing process. This includes implementing appropriate 

protocols, equipment, and training to prevent contamination and associated risks. 

In conclusion, manufacturers should focus on the key areas identified by respondents: enhancing 

process control, adhering to QMS standards, validating device design and software, addressing 

labelling and packaging concerns, maintaining sterility, and mitigating material mix-ups to prevent 

recalls and ensure product quality and safety. By implementing these recommendations, 

manufacturers can mitigate risks, enhance patient safety, and uphold public trust in their products. 

5.2.2 Recommendation on FDA Approval pathways:  

Key Recommendation Details 
Proportion of 

Respondents 

(%) 

Reassess Criteria for 
Substantial Equivalence 

Enhance scrutiny within the 510K Premarket 
Notification process to ensure robust safety 
standards. 

41% 

Strengthen General Controls 
Address systemic issues and improve overall 
compliance with regulatory standards. 

25% 

Prioritize Stringent PMA 
Requirements for High-Risk 
Devices 

Implement stringent requirements within the 
PMA process to mitigate risks associated 
with high-risk devices. 

11% 

Address Mixed Approvals 
Concerns 

Establish a consistent regulatory framework 
for evaluating devices with multiple approval 
pathways. 

6% 

Identify Additional Areas for 
Regulatory Enhancement 

Continuously evaluate and refine the FDA 
regulatory framework to address emerging 
concerns and ensure safety. 

17% 

Table 10: Recommendation for FDA Approval pathways 

Based on the insights gathered from respondent feedback, several key recommendations can be 

made as shown in table-10 to strengthen the FDA regulatory framework and mitigate the risk of 

future recalls within the orthopaedic knee implant domain. Firstly, there is a pressing need to 

reassess the criteria for substantial equivalence and enhance scrutiny within the 510K Premarket 

Notification process, as highlighted by the substantial proportion of 41% respondents. This 

requires tightening regulations to ensure robust safety standards are met prior to market clearance, 
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thus reducing the likelihood of recalls stemming from inadequacies in demonstrating device safety 

and effectiveness. Additionally, strengthening general controls, as advocated by 25% of 

respondents, is crucial for addressing systemic issues and improving overall compliance with 

regulatory standards. Prioritizing stringent requirements within the PMA process, particularly for 

high-risk medical devices, as emphasized by 11% of respondents, is essential to mitigate risks 

associated with novel or high-risk devices and minimize the occurrence of recalls. Furthermore, 

addressing concerns related to mixed approvals, identified by a smaller subset of 6% of 

respondents, is imperative to establish a consistent and robust regulatory framework that 

effectively evaluates the safety and efficacy of devices subject to multiple approval pathways. 

Lastly, the identification of additional areas for regulatory enhancement by 17% of respondents 

underscores the need for ongoing evaluation and refinement of the FDA regulatory framework to 

address emerging concerns and ensure patient safety. By implementing these recommendations, 

regulatory authorities can strengthen oversight, mitigate recall risks, and uphold patient safety 

standards within the orthopaedic knee implant domain. 

5.2.3 Improvement suggestions on current orthopaedic knee implant system: 

Key Area Recommendation Details 

Automation 
Adopt automation where 
possible 

Utilize automation to enhance 
efficiency and effectiveness 
across all stages of the product 
lifecycle, reducing human 
error and improving precision. 

Quality Control Measures 
Strengthen quality control 
measures 

Implement rigorous quality 
checks and inspections 
throughout the product 
lifecycle to ensure product 
consistency and prevent 
defects. 

Handling Recalls 
Establish separate recall 
management teams 

Create dedicated teams to 
handle recalls and implement 
corrective actions to prevent 
recurrence. 

Clinical Trials Improve clinical trials 

Ensure comprehensive and 
thorough clinical testing to 
validate product safety and 
effectiveness. 

Regulatory Oversight Enhance regulatory oversight 

Strengthen regulations, 
especially in highly 
competitive and dynamic 
industries, to ensure thorough 
compliance and risk 
management. 
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Collaboration 
Promote collaboration 
between industry, academia, 
and regulatory agencies 

Foster a culture of precision, 
continuous improvement, and 
risk management through 
collaboration. 

Cooperation with SMEs 
Enhance cooperation with 
small and medium-sized 
enterprises (SMEs) 

Provide better information 
and monitoring from 
governing bodies to ensure 
comprehensive oversight 
throughout the product 
lifecycle. 

FDA Approval Process Refine FDA approval process 

Incorporate principles from 
ISO 14971 and address risk 
and lifecycle approaches 
effectively. 

Manufacturer QMS 
Improve Quality 
Management Systems (QMS) 

Strengthen QMS to ensure 
thorough compliance and 
effective risk management 
throughout the product 
lifecycle. 

Post-Market Surveillance 
Strengthen post-market 
surveillance 

Enhance monitoring and 
reporting to identify potential 
issues early on and ensure 
ongoing product safety and 
effectiveness. 

Clinical Evidence 
Requirements 

Improve clinical evidence 
requirements 

Ensure robust and 
comprehensive clinical trials 
to support product safety and 
effectiveness. 

Post-Market Monitoring 
Enhance post-market 
monitoring 

Implement effective 
monitoring systems to track 
product performance and 
safety in the market. 

Table 11: Improvement suggestion on current system 

Based on the diverse perspectives provided by respondents, several recommendations can be made 

as shown in table-11 to improve the current medical device landscape and prevent orthopaedic 

knee implant device recalls in the future. Firstly, there is a need to enhance cooperation with small 

and medium-sized enterprises (SMEs) and provide better information and monitoring from 

governing bodies to ensure comprehensive oversight throughout the product lifecycle. This 

includes refining the FDA approval process and manufacturer Quality Management Systems 

(QMS) to incorporate principles from ISO 14971 and address risk and lifecycle approaches 

effectively. Additionally, strengthening post-market surveillance, clinical evidence requirements, 

and regulation, particularly in highly competitive and dynamic industries, is essential for ensuring 

thorough compliance and identifying potential issues early on. Establishing separate teams to 

handle recalls and implement corrective actions, enhancing regulatory oversight, and promoting 
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collaboration between industry, academia, and regulatory agencies are crucial steps towards 

fostering a culture of precision, continuous improvement, and risk management within the medical 

device landscape. Furthermore, strengthening quality control measures, improving clinical trials 

and post-market monitoring, and adopting automation where possible are necessary to enhance 

efficiency and effectiveness across all stages of the product lifecycle. By implementing these 

recommendations, stakeholders can work towards preventing orthopaedic knee implant device 

recalls and ensuring patient safety and product effectiveness in the future. 

5.3 Conclusion: 

The survey findings provide comprehensive insights into various aspects of orthopaedic knee 

implant device manufacturing, regulatory oversight, and clinical requirements, as perceived by 

respondents within the industry. Manufacturer defects emerge as the primary concern, with a 

significant majority of respondents identifying them as the main contributors to orthopaedic knee 

implant recalls. This underscores the critical need to address issues within the manufacturing 

process, such as production errors, design flaws, and quality control lapses, to ensure the reliability 

and safety of orthopaedic knee implant devices. Strengthening quality control measures and 

implementing robust design validation protocols are paramount to minimize the risk of defects and 

subsequent recalls. Furthermore, concerns are raised regarding the lack of strict FDA regulation, 

with respondents highlighting potential inadequacies in regulatory oversight and enforcement. 

Strengthening regulatory measures is imperative to mitigate risks associated with orthopaedic knee 

implant devices and enhance patient safety. Additionally, insufficient clinical studies are identified 

as a significant contributor to recalls, emphasizing the importance of robust clinical research in 

evaluating device efficacy and safety. Hospital-related issues, process control, labelling errors, 

software-related issues, device design, packaging practices, sterility maintenance, and material 

management are also highlighted as contributing factors to recalls by respondents. Addressing 

these multifaceted challenges requires comprehensive efforts across the manufacturing process to 

ensure product quality and safety standards are upheld. The data also sheds light on the FDA 

approval processes and the frequency of recalls, indicating concerns about certain stages, 

particularly the 510K Premarket Notification Process. There is a clear need for targeted 

interventions and regulatory reforms to strengthen oversight and safeguard patient safety 

throughout the medical device approval lifecycle. Moreover, the mixed sentiment regarding the 

effectiveness of the current regulatory framework underscores the necessity for ongoing regulatory 

oversight, continuous improvement efforts, and stakeholder engagement to address emerging 

challenges and enhance patient safety within the orthopaedic knee implant device industry. 

In conclusion, proactive measures are essential to address perceived inadequacies, uncertainties, 

and multifaceted challenges within the orthopaedic knee implant device industry. By prioritizing 

regulatory reforms, continuous improvement efforts, and stakeholder engagement, regulatory 

authorities and manufacturers can work towards enhancing patient safety, minimizing the risk of 

recalls, and upholding product quality standards, ultimately benefiting public health and well-

being. 
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7 APPENDIX  

7.1 Survey Questionnaire form: 
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