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Appendix A: Analysis of the EU Medical Device Regulations for Halo 
Vests
The EU Medical Device Regulations (MDR), particularly the “Requirements for medical devices and 
medical electrical equipment,” provide a comprehensive framework to ensure the safety, functionality, 
and usability of medical devices like the halo vest. The following sections of the MDR are especially 
relevant to the development and regulation of the halo vest.
 
 1. Environmental Operating Conditions (Section 4.2):
 Although the halo vest is not an electronic device, the materials and components must remain  
 effective in a variety of environmental conditions. This includes exposure to changes in   
 temperature, humidity, and potential contaminants to prevent skin irritation or material   
 degradation.

 2. Usability of Accompanying Documents (Section 7):
 The accompanying documents, including user manuals and care instructions, must be clear  
 and accessible to both healthcare professionals and caregivers. Detailed instructions are   
 crucial to ensure proper fitting, maintenance, and cleaning of the halo vest, preventing misuse  
 or injury.

 3. Biocompatibility and Skin Safety (Section 10):
 Given the prolonged contact of the halo vest with the skin, it is essential that the materials   
 used are biocompatible and do not cause adverse reactions. Compliance with ISO 10993   
 standards on biological evaluation of medical devices should be ensured to avoid irritation or  
 allergic responses.

 4. Protection Against Excessive Pressure and Injury (Section 8):
 The halo vest must be designed to prevent excessive pressure on the body, particularly the   
 chest and neck, where the vest is anchored. The device must also safeguard against any   
 risk of injury during fitting and prolonged wear, ensuring patient comfort and reducing   
 complications like pressure sores.

 5. Accuracy of Adjustment Mechanisms (Section 9):
 The vest’s mechanical components, such as screws and pins used to secure the head and neck,  
 must allow for precise adjustments to ensure effective stabilization. Proper calibration and   
 locking mechanisms are vital to avoid over-tightening or loosening, which could endanger the  
 patient.

 6. Structural Integrity and Durability (Section 10):
 The construction of the halo vest must meet the mechanical strength requirements for long- 
 term wear. The device should remain effective over extended periods without losing structural  
 integrity, which is crucial to maintaining immobilization of the spine during recovery.

 7. Protection Against Strangulation or Asphyxiation (Section 11):
 Due to the vest’s close proximity to the neck, it must be carefully designed to avoid any risk of  
 strangulation or obstruction of airflow. Special attention must be given to the positioning and  
 design of the components around the neck to ensure safe breathing at all times.

 8. Sterility and Infection Control (Section 13):

 The halo vest may have contact points that penetrate the skin, such as pins, which must be   
 sterile and include instructions for maintaining cleanliness. Infection prevention measures   
 should be highlighted, especially since improper care could lead to serious infections at the pin  
 sites.

 9. Alarms or Warning Systems (Section 13):
 While a halo vest typically does not have an electrical system, any additional attachments or  
 future modifications could include components (e.g., sensors for patient monitoring). If such  
 devices are added, they must adhere to alarm and notification standards, providing clear   
 warnings to users in case of failure.

 10. Protection Against Electromagnetic Interference (EMI) (Section 12):
 If the vest incorporates any electronic monitoring systems or sensors, it must comply with   
 electromagnetic safety standards to ensure there is no interference with other medical devices  
 or hospital equipment.

Under the EU Medical Device Regulations (MDR 2017/745), it is classified as a Class IIa device. This 
classification pertains to devices intended for managing serious conditions but not posing the highest 
level of risk. The following regulatory requirements are essential for the design, development, and 
clinical use of halo vests. 
 
 1. Conformity Assessment (MDR Article 52) 
 Class IIa devices require a conformity assessment conducted by a Notified Body—an   
 independent organization designated by the EU. This body evaluates the device to ensure   
 compliance with all relevant safety, quality, and performance standards before market   
 approval. 
 
 2. General Safety and Performance Requirements (MDR Annex I, Chapter I) 
 The halo vest must meet strict safety and performance criteria, ensuring it does not jeopardize  
 the patient’s safety or clinical condition during use. This includes considerations such as   
 material biocompatibility and overall effectiveness in stabilizing the spine.
 
 3. Risk Management (MDR Annex I, Chapter I, Section 3) 
 Manufacturers must develop and implement a comprehensive risk management plan that   
 identifies and mitigates potential risks, such as mechanical failures, infections, or    
 improper fitting. These measures should encompass all stages of the device’s lifecycle, from  
 design and production to post-market use. 
 
 4. Clinical Evaluation and Performance (MDR Annex XIV) 
 A clinical evaluation must validate the safety and efficacy of the halo vest. This process involves  
 collecting and analyzing clinical data, either through studies or literature reviews, to confirm  
 that the device effectively stabilizes the cervical spine without causing undue harm or   
 discomfort. 
 
 5. Technical Documentation (MDR Annex II) 
 Detailed technical documentation is a prerequisite. This includes design schematics,   
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 mechanical testing results, material safety data, and manufacturing protocols. Such    
 documentation is critical for the conformity assessment process and ensures transparency in  
 the device’s development and performance evaluation. 
 
 6. Post-Market Surveillance and Clinical Follow-up (MDR Annex III & Annex XIV, Part B) 
 Manufacturers are required to monitor the halo vest’s performance after market introduction.  
 Post-market surveillance involves collecting real-world data to identify potential issues, while  
 Post-Market Clinical Follow-up (PMCF) assesses long-term safety, efficacy, and patient   
 outcomes. 
 
 7. Quality Management System (QMS) (MDR Article 10, Section 9) 
 An effective Quality Management System must be implemented and maintained. The QMS   
 ensures consistent production of the halo vest to meet required standards and controls   
 all processes from design to post-market activities. This system is crucial for upholding high 
  levels of quality and safety throughout the device’s lifecycle. 
 
 8. Mechanical Testing (MDR Annex I, Section 10) 
 Rigorous mechanical testing is essential to verify that the halo vest meets strength and   
 durability requirements. Testing should simulate real-world use by evaluating screws, pins, and  
 the vest structure under various load conditions. This ensures the device can withstand   
 mechanical stresses without failure during prolonged use. 
 
 9. Material Safety and Toxicity (MDR Annex I, Section 10.1) 
 Materials used must be evaluated for potential toxicity due to prolonged skin contact. They   
 must not leach harmful substances or cause adverse reactions like skin irritation. Compliance  
 with ISO 10993 standards for biological evaluation is critical to ensure material safety for   
 patient use. 
 
 10. Protection Against Unintended Movement (MDR Annex I, Chapter II, Section 8.4) 
 The halo vest must provide sufficient rigidity to prevent unintended or excessive cervical   
 spine movement. This includes robust vest construction, secure locking mechanisms, and   
 reliable attachment of screws or pins to the skull. Minimizing movement is vital    
 for patient recovery and preventing further injury. 
 
 11. Sterilization and Cleanliness Requirements (MDR Annex I, Chapter II, Section 13.3) 
 Components that penetrate the skin, such as screws or pins, must be sterile. Manufacturers  
 should provide clear instructions on maintaining sterility during long-term use to prevent  
  infection. Sterilization protocols also apply to non-invasive parts to ensure overall hygiene and  
 patient safety. 
 
 12. Patient-Specific Adjustments (MDR Annex I, Chapter II, Section 10.4) 
 The device must allow for adjustments to accommodate different body sizes and shapes.   
 Proper fit and comfort are essential to prevent discomfort, skin sores, or compromised  
  immobilization. The halo vest should be adaptable to individual anatomical requirements while  
 maintaining its primary stabilizing function. 
 

 13. Labelling and Instructions for Use (MDR Annex I, Chapter III, Section 23) 
 Clear, comprehensive labelling and user instructions are mandatory. This includes guidance  
 on proper fitting, adjustment, maintenance, and warnings about potential risks. Instructions  
 must be easily understood by healthcare professionals and caregivers to minimize the risk of  
 misuse. 
 
 14. Protection Against Contamination (MDR Annex I, Section 11.2) 
 The halo vest must be designed to prevent contamination, especially for immunocompromised  
 patients or during extended wear. Materials should not harbor bacteria, and all components  
 must be easy to clean and disinfect. Emphasizing aseptic techniques is crucial when the device 
  is used with surgical pins. 
 
 15. Monitoring and Maintenance Protocols (MDR Annex I, Section 13.6) 
 Manufacturers must provide protocols for regular monitoring and maintenance. Regular   
 inspections should check the integrity of screws, pins, and other components to ensure they  
 remain secure and functional. This helps prevent mechanical failures or deterioration over time. 
 
 16. Handling of Adverse Events (MDR Articles 87-89)   
 In the event of device-related adverse events, such as malfunctions or injuries, manufacturers  
 are required to report these to relevant authorities. A system must be in place to identify,   
 document, and resolve such events promptly, ensuring compliance with vigilance and   
 corrective action requirements. 
 
 17. Unique Device Identification (UDI) (MDR Article 27) 
 The halo vest must be labeled with a Unique Device Identifier for tracking and traceability. The  
 UDI facilitates monitoring throughout distribution and use, aiding in recalls if issues are   
 identified, and ensures compliance with traceability requirements.
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Appendix B: Stakeholder Analysis

Based on Ashby’s Stakeholder Analysis (2015), stakeholders connected to the halo vest (or halo 
frame) can be categorized into core users, direct stakeholders, and indirect stakeholders. Each group 
has specific roles, objectives, and methods of involvement with the halo vest. Below is an organized 
overview addressing three key aspects for each stakeholder: A. Who they are, B. What they want, and 
C. How they might try to achieve their goals.

Core Users:
1. Patient
 A. The individual wearing the halo vest due to severe spinal or cervical injuries.
 B. They want effective immobilization, comfort, and a smooth recovery process.
 C. They will cooperate with medical staff, follow prescribed care, and seek adjustments or   
 alternative treatments if needed.

2. Orthopedic Surgeons
 A. Specialists responsible for diagnosing spinal injuries and prescribing the halo vest.
 B. They aim for successful recovery by ensuring proper stabilization of the spine and minimal  
 complications during the recovery period.
 C. Surgeons will oversee the application of the halo vest, monitor patient progress, and adjust  
 treatment as necessary based on patient response and clinical outcomes.

3. Plastercast Makers (Orthopedic Technicians)
 A. Medical technicians responsible for fitting and adjusting the halo vest.
 B. They seek to ensure that the vest is properly fitted to support the patient’s healing while   
 preventing discomfort or pressure sores.
 C. They achieve their goals by meticulously customizing the vest for individual patients and   
 making adjustments as needed during follow-up appointments.

4. Social Circle of the Patient (Family/Friends)
 A. The patient’s immediate support system, including family and friends.
 B. Their aim is to assist the patient during recovery, both emotionally and physically.
 C. They will likely help the patient in daily activities, accompany them to follow-up    
 appointments, and provide emotional encouragement during their recovery.

Direct Stakeholders:
5. Anjon Bremer Medical
 A. A medical device manufacturer that supplies the halo vests or similar equipment.
 B. Their goal is to deliver high-quality, reliable products while maintaining a strong market   
 reputation.
 C.They focus on product development, rigorous quality assurance, and effective marketing   
 strategies targeting healthcare providers.

6. Zorginstituut Nederland (National Healthcare Institute)
 A.Organizations such as the Dutch National Healthcare Institute, which evaluate treatments for  
 inclusion in insurance plans.
 B. Their primary objective is to ensure only safe, effective, and cost-efficient treatments are   
 reimbursed.

 C.They conduct thorough assessments of clinical efficacy and cost-effectiveness to decide   
 whether treatments, including the halo vest, qualify for reimbursement.

7. Local Hospitals
 A. Hospitals that provide care, including prescribing and fitting halo vests for patients with   
 spinal injuries.
 B. They want to ensure that patients receive high-quality care while managing costs and   
 resources effectively.
 C. They ensure compliance with healthcare guidelines, maintain relationships with medical   
 device suppliers, and provide continuous training for staff to optimize patient care.

8. Medical Professional Groups
 A. Associations or networks of healthcare professionals (e.g., orthopedic associations).
 B. They aim to maintain high standards of practice for using the halo vest and ensure   
 continuous education for members.
 C. They issue clinical guidelines, host training sessions, and provide up-to-date research to   
 improve patient care and device use.

9. 3D Lab at the Hospital
 A. A hospital-based facility that produces custom components (such as 3D-printed    
 adjustments) for medical devices like the halo vest.
 B. They want to provide customized, patient-specific solutions that enhance the fit and comfort  
 of the halo vest.
 C. They achieve this by working closely with orthopedic teams and using advanced    
 technologies like 3D printing to tailor components for individual needs.

10. Product Development Team at the Hospital
 A. A team of researchers and engineers working on improving medical devices within the   
 hospital.
 B. They aim to refine the halo vest design to improve patient comfort, safety, and efficacy.
 C. They collaborate with clinical teams to gather feedback from patients and healthcare   
 professionals and test new design improvements.

11. UMC Utrecht (University Medical Center)
 A. A leading academic hospital that may be involved in research, treatment, and clinical trials  
 related to halo vests.
 B. Their goal is to provide cutting-edge treatments and contribute to research on spinal injury  
 recovery and the use of immobilization devices.
 C. They collaborate with researchers, clinicians, and medical device companies to test and   
 implement new technologies in patient care.

Indirect Stakeholders:
12. Medical Device Distributors
 A. Companies responsible for distributing the halo vests from manufacturers to hospitals and  
 healthcare providers.
 B. They want to ensure a smooth supply chain and continuous sales of their devices.
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 C. They maintain relationships with healthcare providers, manage logistics, and ensure timely  
 delivery of products.

13. Healthcare Administrators
 A. Managers and administrators within healthcare institutions overseeing resource allocation,  
 budget management, and policy compliance.
 B. They aim to provide cost-effective care while ensuring compliance with healthcare   
 regulations and quality standards.
 C. They work with financial departments and insurance companies to manage costs and   
 negotiate contracts for purchasing medical devices like the halo vest.

14. Insurance Companies
 A. Private or public health insurers covering the costs of treatments under the basic healthcare  
 package.
 B. They want to provide necessary healthcare services while keeping costs manageable.
 C. They assess claims, set reimbursement criteria, and work with healthcare providers to   
 determine which treatments and devices, such as the halo vest, are covered.

15. Ministerie van Volksgezondheid, Welzijn en Sport (VWS)
 A. The Dutch Ministry of Health, Welfare, and Sport, which oversees national healthcare policy.
 B. They want to ensure that healthcare is accessible, affordable, and of high quality for all   
 citizens.
 C. The ministry works by regulating healthcare standards, ensuring that devices like the halo  
 vest meet national guidelines for use and reimbursement.

16. Researchers
 A. Academics and scientists studying spinal injuries and the efficacy of treatments like the halo  
 vest.
 B. They aim to gather evidence about the effectiveness and long-term outcomes of using the  
 halo vest for spinal immobilization.
 C. They conduct clinical studies, publish research, and collaborate with medical device   
 companies and hospitals to improve patient outcomes.

17. Medical Information Resources
 A. Providers of medical databases and educational tools that support healthcare professionals  
 in decision-making.
 B. They aim to disseminate accurate, evidence-based information regarding the use and   
 outcomes of the halo vest.
 C. They publish guidelines, host online resources, and collaborate with medical professional  
 groups to ensure practitioners have access to the latest data.

18. Investors
 A. Private investors or companies who fund the development and distribution of medical   
 devices like the halo vest.
 B. Their goal is to see a return on investment through successful product development and   
 sales.

 C. They invest in product innovation and collaborate with medical companies to market new or 
 improved halo vests.

19. Consumer Stores
 A. Medical supply stores that may sell components or accessories related to halo vests.
 B. They aim to provide easy access to medical supplies for patients who may need    
 replacements or additional products.
 C. They achieve this through retail or online distribution of medical accessories.
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Appendix C: DBC (Diagnosis Treatment Combination)

The DBC (Diagnosis Treatment Combination) for the use of a halo frame typically falls under the 
broader category of spinal trauma or injury treatments within the Dutch healthcare system. A DBC 
code covers the full treatment trajectory, from initial diagnosis and hospitalization to the application of 
the halo frame, follow-up care, and adjustments, which could include hospital stays, outpatient visits, 
and consultations with specialists.

An average DBC package for such spinal injuries may include:
 1. Diagnostic Imaging: MRI or CT scans to assess the extent of spinal damage.
 2. Surgical or Non-Surgical Treatment: In cases where the halo frame is used instead of surgery.
 3. Hospitalization: Depending on the severity of the injury, the patient may need to stay in the  
 hospital for monitoring during the application and initial adjustment of the frame.
 4. Follow-up Consultations: Post-application monitoring, adjustments to the frame, and   
 physiotherapy sessions.
 5. Potential Physiotherapy: During recovery, to ensure that the patient regains mobility once the  
 halo frame is removed.

Since the DBC pricing depends on the complexity of the care and resources used, the cost can 
vary. For instance, in 2019, spinal surgery DBC packages could range between €7,000 to €15,000 
depending on the severity of the condition and the type of interventions required (Med Tech 
Reimbursement Consulting). The use of a halo frame, especially if non-surgical, might fall on the 
lower end of this range, but this can vary based on additional care needs like extended hospital stays 
or rehabilitation. (Med Tech Reimbursement Consulting)( https://www.hollandzorg.com/insured/
reimbursements2023).

For an exact DBC and pricing, it would depend on the specific hospital or healthcare provider in the 
Netherlands, and their agreements with insurers. 

Appendix D: List of Requirements 

1. Movement
1.1. The patient should be able to perform daily tasks while remaining stable in the frame.
 1.1.1. The patient should be able to sleep in the frame and remain stable.
 1.1.2. The patient should be able to talk while in the frame.
 1.1.3. The patient should be able to eat while in the frame.
 1.1.4. The patient should be able to sit up, stand up, and lay down in the frame.
 1.1.5. The patient should be able to walk in the frame.
 1.1.6. The patient should be able to wash their hair and body while in the frame. 
1.2. The patient should not be able to move their head in all 6 degrees of freedom (DOF) (Pitch, Roll, 
and Yaw). 
1.3. The frame should allow the patient to perform some mobility tasks independently, such as washing 
hair or getting dressed, while maintaining spinal stability (related to patient independence)

2. After Care
2.1. The patient should be left with minimal scars after the procedure.

3. Engineering
3.1. The frame should not apply any pressure on the broken vertebrae.
3.2. The frame must support the weight of the head, with a safety factor of 2.5, lifting approximately 20 
kg.
3.3. Pin pressure should remain constant to avoid injury and ensure even force distribution
 3.4. The patient should not be able to move their head in all 6 DOFs:
 3.4.1. On the Pitch, a maximum force of 177 N must be resisted.
 3.4.2. On the Roll, a maximum force of 148 N must be resisted.
 3.4.3. On the Yaw, a maximum force of 126 N must be resisted
3.5. The connection point of the frame to the halo-ring should be as close as possible to the center of 
mass of the head, minimizing strain during movement.
3.6. The frame must be MRI compatible to allow diagnostic imaging without removing the vest 
3.7. The frame should resist dynamic forces experienced during activities such as sitting, standing, 
and bending.

4. Ergonomics
4.1. The frame should minimize pressure points to reduce the risk of irritation, particularly in sensitive 
areas such as:
 4.1.1. The armpits, the area under the breast, the chest (below the collarbones), the shoulders,  
 and the neck. 
 4.2. The frame should be adaptable to all body types, providing adequate fit for patients with  
 different body sizes 
 4.3. The halo-ring should fit all head sizes, and customization options should be considered for  
 unique anatomical requirements 
 4.4. The frame should allow for rapid production and application, especially in urgent medical  
 situations 
 4.5. The frame should look less bulky, with reduced visual impact to alleviate psychological   
 discomfort, encouraging patients to engage in social activities without self-consciousness
 4.6. The frame should allow the patient to wear regular clothing comfortably, including   
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 accommodating bras for wome.

5. Fit and Adjustability
5.1. The frame should offer modular components to ensure better adjustability and fit across a range of 
body types.
5.2. Custom-fit options for patients with unique anatomical needs should be integrated into the 
design. 
5.3. Alignment and adjustability should be easy for healthcare providers to modify during and after the 
initial installation based on imaging results (CT or X-rays). 
5.4. The frame should be designed to support a precise fit without the need for constant re-
adjustments.]

6. Hygiene and Cleaning
6.1. The frame should be easy to clean without requiring full removal.
6.2. The materials should be selected to resist moisture buildup, improving skin health under the vest
6.3. Detachable padding for easier cleaning and hygiene maintenance should be included

7. Aesthetics and Psychological Impact
7.1. The frame design should reduce bulkiness and visual obtrusiveness to minimize the stigma 
associated with wearing it 
7.2. Aesthetics should be a key consideration to ensure that patients feel comfortable in public and 
social situations while wearing the device

8. Modularity and Replaceability
8.1. The frame should include modular components to allow easy replacement of worn-out parts, such 
as padding or straps, without requiring full vest replacement
8.2. The vest should be designed for a competitive cost target to ensure affordability for hospitals and 
healthcare providers

9. Structural Integrity and Safety
9.1. The materials selected should be lightweight but durable, providing the necessary structural 
integrity for spinal immobilization.
9.2. The frame must meet MDR standards for medical devices, ensuring safe and effective 
immobilization 
9.3. The frame should reduce the overall weight to improve long-term wearability 
9.4. The frame’s materials must be biocompatible to avoid adverse skin reactions or discomfort during 
long-term use 
9.5. The pin interfaces should be redesigned to distribute forces evenly across the skull

10. Ease of Use and Maintenance
10.1. The frame must be easy for healthcare professionals to install quickly, with minimal reliance on 
specialized personnel 
10.2. Caregivers should be able to make minor adjustments to the frame without compromising 
stability 
10.3. Simplified maintenance should be included to reduce the need for frequent hospital visits 
10.4. The frame should include visual markers or indicators to guide caregivers in maintaining proper 

fit and tension

11. Sustainability and Future Requirements
11.1. The design should incorporate recyclable and durable materials to support compliance with 
upcoming regulations like the ESPR
11.2. Future versions of the frame could include a Digital Product Passport that provides transparency 
about the materials used, environmental impact, and end-of-life instructions

12. Medical and Clinical Compatibility
12.1. The frame must integrate smoothly with in-hospital care settings, allowing for easy monitoring 
and adjustments
12.2. The design should minimize interference with diagnostic imaging procedures like X-rays, CT 
scans, and MRIs
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Appendix E: Exploration - Design considerations individually sorted 
per scenario.
Scenario 1 (Emergency Situations):
• 1. Pressure Points: Reducing pressure points for better comfort during urgent use.
• 6. Sizing Variability: Important for quick application in emergencies, accommodating various body 

types.
• 8. Frame Alignment and Adjustability: Essential for proper spinal immobilization in emergency 

situations.
• 10. Mobility: Enhancing mobility without compromising spinal stabilization, crucial for emergency 

cases.
• 13. Force Magnitudes: The design must withstand vertical (177N), anterior-posterior (126N), and 

lateral (148N) forces.
• 14. Dynamic Forces: Must handle forces during movements such as sitting, standing, and bending.
• 15. Pin Force Distribution: Evenly distribute forces to reduce discomfort and improve patient 

outcomes.
• 16. Reliable Immobilization: Ensure safety and effectiveness in rapid stabilization situations.
• 20. Ease of Installation: Quick and secure installation is vital in emergency cases.
• 21. Ease of Maintenance: Simple adjustments for caregivers in high-stress situations.
• 27. Medical Professional Ease of Application: Fast and intuitive application is critical in 

emergencies.

Scenario 2 (Planned Long-Term Use):
• 2. Breathing and Comfort: Ensuring comfort during long-term wear by reducing restriction on 

breathing.
• 3. Patient Comfort and Mobility: Focus on comfort during daily activities like sleeping and dressing.
• 4. Sleeping Comfort: Support better sleep postures, especially for patients wearing the device for 

extended periods.
• 5. Clothing Compatibility: Design to allow for the easy wearing of normal clothing, particularly for 

long-term use.
• 7. Custom-Fit Options: Customizable components for a better fit during long-term rehabilitation.
• 9. Modular Design: Modular approach to enhance comfort and adjustability for prolonged use.
• 11. Patient Independence: Allow more independence for patients in daily activities during long-term 

treatment.
• 12. Enhanced Hygiene and Cleaning: Important for long-term wear, ensuring materials are easy to 

clean and maintain.
• 17. Material Safety: Biocompatibility for long-term wear to avoid adverse reactions.
• 18. Aesthetic Improvements: Aesthetic changes to reduce the psychological impact of long-term 

wear.
• 19. Psychological Considerations: Reduced visibility or bulkiness to make the device less 

stigmatizing during long use.
• 23. Reduction of Labor-Intensive Check-Ups: Simplify follow-ups and reduce the frequency of 

check-ups during long-term use.
• 25. Modularity and Replaceability: Replaceable components for long-term use without requiring 

full vest replacement.
• 30. Vest and Component Hygiene: Design for better ventilation and cleaning to maintain hygiene 

over extended periods.
• 34. Long-Term Wearability: Reduce the overall weight and improve durability for long-term patient 

comfort.

• 35. Use of Modern Materials: Leverage lightweight and biocompatible materials to improve 
comfort and long-term use.

Applicable to Both Scenarios:
•  16. Reliable Immobilization: Ensure safe spinal immobilization in both emergency and planned use.
• 13. Force Magnitudes: Must handle forces during both emergency interventions and daily activities.
• 17. Material Safety: Essential for both short-term emergency use and long-term rehabilitation.
• 20. Ease of Installation: Important for quick and efficient application in both scenarios.
• 27. Medical Professional Ease of Application: Fast and secure application for both immediate and 

scheduled use.
• 33. Post-Market Surveillance: Critical to monitor performance in both emergency and long-term 

cases.
• 35. Use of Modern Materials: Applicable to both scenarios for weight reduction and improved 

durability.
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Appendix F: Exploration -  Clusters with design considerations 
sorted per scenario.
1. Patient Comfort and Ergonomics 
Scenario 2: Planned long-term support 
For Scenario 2, this cluster focuses on reducing pressure points, allowing comfortable breathing, and 
enhancing daily activities like sleeping and dressing. Comfort is critical for patients wearing the frame 
for extended periods.
 
2. Fit and Adjustability 
Both
For Scenario 1, the vest must be easily adjustable to ensure quick and proper fit in an emergency. For 
Scenario 2, modularity and fit customization ensure ongoing comfort and proper support over time.
 
3. Mobility and Independence 
Scenario 2: Planned long-term support
For Scenario 2, this cluster emphasizes enhancing mobility and allowing patients to perform 
daily tasks independently. This is less important for emergency immobilization, where immediate 
stabilization is the focus. 

4. Structural Integrity and Safety 
Both 
For Scenario 1, this cluster ensures that the frame withstands forces during sudden movements like 
standing or sitting. In Scenario 2, it ensures the frame maintains consistent stability over long-term 
use while reducing discomfort. 

5. Aesthetics and Psychological Impact 
Scenario 2: Planned long-term support 
For Scenario 2, this cluster is relevant for improving the vest’s appearance, reducing stigma, and 
making patients feel more comfortable in social situations. Aesthetics are less of a priority in 
emergency settings. 

6. Ease of Use and Maintenance 
Both 
For Scenario 1, quick and efficient application is necessary to ensure rapid immobilization. For 
Scenario 2, ease of maintenance is essential to allow caregivers and patients to handle the device over 
extended periods with minimal effort. 

7. Modularity and Replaceability 
Scenario 2: Planned long-term support 
For Scenario 2, modularity is crucial for long-term use to allow for easier repairs and replacements 
without needing a full vest change. This is not as relevant for emergency situations, where quick 
installation is more critical. 

8. Medical and Clinical Compatibility 
Both 
For Scenario 1, the frame must be quickly applied and adjusted by medical professionals in a clinical 
setting. For Scenario 2, it should integrate seamlessly with hospital workflows and allow for ongoing 
adjustments and diagnostics like imaging.

9. Hygiene and Cleaning 
Scenario 2: Planned long-term support 
For Scenario 2, maintaining hygiene is essential for long-term wear, with materials that allow easy 
cleaning and prevent skin issues. This is less critical in urgent, short-term immobilization.

10. Sustainability and Future Requirements 
Scenario 2: Planned long-term support 
For Scenario 2, sustainability concerns such as durability, recyclability, and compliance with future 
regulations are important. These factors are less relevant for short-term emergency use. 

11. Regulatory Compliance and Surveillance 
Both 
For Scenario 1, post-market surveillance ensures that the device meets safety standards even in 
emergency use. For Scenario 2, long-term wearability and safety are equally critical, with regulatory 
requirements ensuring patient safety over extended periods.

None of the clusters are exclusively applicable only to Scenario 1 (Urgent emergency 
immobilization). This is because the nature of the halo frame’s design requirements typically 
applies to both urgent and long-term care, though with some differences in emphasis. 
 
For example:
• Fit and Adjustability and Ease of Use and Maintenance are important in both scenarios, 

though the urgency and long-term needs differ.
• Structural Integrity and Safety must be ensured for both, but the critical need for 

immediate immobilization in an emergency applies equally to both cases.

In Scenario 1, the design focus is often on quick, secure, and effective stabilization, which is 
still aligned with several clusters designed to ensure safety, reliability, and ease of application.
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Appendix G: HREC Application 

Human Research Ethics
Committee TU Delft
(http://hrec.tudelft.nl)
Visiting address

Jaffalaan 5 (building 31)
2628 BX Delft
Postal address

P.O. Box 5015 2600 GA Delft
The Netherlands

Date 21-Jan-2025 
Correspondence 

Ethics Approval Application: Redesign of a Halo-Vest
Applicant: Iserief, Maxime 

Dear Maxime Iserief,

It is a pleasure to inform you that your application mentioned above has been approved.

Thanks very much for your submission to the HREC which has been approved.

In addition to any specific conditions or notes, the HREC provides the following standard advice to all
applicants:
• In light of recent tax changes, we advise that you confirm any proposed remuneration of research subjects
with your faculty contract manager before going ahead.
• Please make sure when you carry out your research that you confirm contemporary covid protocols with
your faculty HSE advisor, and that ongoing covid risks and precautions are flagged in the informed consent
- with particular attention to this where there are physically vulnerable (eg: elderly or with underlying
conditions) participants involved.
• Our default advice is not to publish transcripts or transcript summaries, but to retain these privately for
specific purposes/checking; and if they are to be made public then only if fully anonymised and the
transcript/summary itself approved by participants for specific purpose.
• Where there are collaborating (including funding) partners, appropriate formal agreements including clarity
on responsibilities, including data ownership, responsibilities and access, should be in place and that
relevant aspects of such agreements (such as access to raw or other data) are clear in the Informed
Consent.

Good luck with your research!

Sincerely,
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Appendix I: Data Management Plan 
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Appendix J: Informed Consent Appendix K: Interview Questions
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Appendix L: Interview results Appendix M: HKJ
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Appendix N: Morphological chart 
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Appendix O: Ideation - Sketches 
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Appendix P: Ideation - Rapid CAD Prototypes
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Appendix Q: Conceptualisation  - Proof of Concept 

Appendix R: Conceptualisation  - Replacement Fur lining 
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Appendix S: Embodiment - Back Beam CAD Tests

Figure 1: Normal Beam deformation (bottom) and stress (top)
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Figure 3: I-Beam deformationFigure 2: Filleted Beam deformation
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Figure 5: Curving/neck shaped beam deformationFigure 4: Beam with holes deformation
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Figure 6: Deformation in titanium frame Figure 7 :Curved beam (top) vs Normal beam (bottom)

191



Appendix T: User Test 1 Questions 
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Appendix U: User Test 1 Results
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Appendix V: User Test 2 aesthetics study - Questions
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Appendix W: User Test 2 Aesthetics study - Results
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Appendix X: User Test 3: Assembly of frame - Questions
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6. Lastly place the front pla-
te on the chest of the pa-
tient. 

Press 
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ly. 
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the front rods to the back 
rods and screw

 the bolts 
tight at this front to back 
connection and at the front 
of the vest.
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Appendix Y: User Test  3: Assembly of frame - Results
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Appendix Z: User Test 4: Fit of prototype - results
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