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Abstract 

Nasal septal perforation (NSP) is a clinical condition characterized by tissue damage in the nasal septum 

creating communication between the nasal cavities. NSP can arise from pathological or iatrogenic causes 

and may significantly impact the patient’s quality of life. Treatment options include surgical closure or 

the use of septal buttons which occlude the perforation and reduce symptoms. Due to limited success rates 

of surgical treatment, septal buttons are a commonly used alternative. Since improper fit may worsen the 

condition, patient-specific septal buttons represent a promising solution.  

 

The aim of this thesis was to develop a feasible in-house fabrication method for patient-specific septal 

buttons at the 3D Center at Karolinska University Hospital. The study included literature review, 

evaluation of current clinical workflow, development of an optimized in-house workflow, prototype 

development, silicone curing inhibition testing and a final fabrication evaluation. Product and 

manufacturing requirements were established to guide development. 

 

The results showed that a feasible fabrication method could be established through iterative prototyping 

and material evaluation. Silicone curing inhibition associated with SLA printed molds was investigated 

and a compatible fabrication process was identified using BioMed White resin as mold material in 

combination with the high consistency silicone elastomer NuSil MED-4050. The final fabrication method 

enabled production of septal buttons adaptable to different perforation geometries and demonstrated the 

feasibility of in-house fabrication as an alternative to external manufacturing. 

 

Further work is required before clinical implementation, including biocompatibility validation, 

optimization of final device and workflow and evaluation using real patient data.  
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1. Introduction 

1.1. Background 

Nasal septal perforation (NSP) is a medical condition in which a defect in the nasal 

septum creates communication between the two nasal cavities. The cause of NSP vary, 

however, common etiologies are trauma, internasal drug abuse, occupational exposure 

and infectious diseases(1). NSP is associated with symptoms that can significantly affect 

a patient’s quality of life. Some of the symptoms are reoccurring nosebleeds, crusting, 

nasal airflow obstruction and pain(2).  

There are different treatment methods for NSP, including surgical repair and the use of a 

septal button prosthesis. Depending on the size and shape of the perforation, the success 

rate of surgical treatment varies and in some cases is not a feasible option, leaving the use 

of a septal button prosthesis as the primary treatment option. While this prosthesis is not a 

permanent fix it can significantly improve the patient’s quality of life by reducing 

symptoms of the NSP. Commercially available septal button protheses exist, these are 

however typically offered in a limited range of sizes and shapes restricting anatomical fit 

for individual patients(3).  

3D printing is an emerging technology that enables more patient-specific care. It allows 

fabrication of medical devices directly based on medical imaging data such as computer 

tomography (CT). The use of CT-derived models for patient-specific implant design can 

improve anatomical fit and patient comfort while also reducing production time and 

minimizing need for conventional and often uncomfortable casting processes(3). 

1.2. Problem description 

One of the major challenges in treating nasal septal perforation is that commercially 

available septal button prosthesis often provide a poor anatomical fit. This can cause 

patient discomfort and, in some cases, contribute to further enlargement of the 

perforation.  

At Karolinska University Hospital patient-specific septal button protheses are offered as a 

treatment option by Ear, Nose and Throat (ENT) clinicians. However, the lead time from 

initial patient evaluation to prosthesis fitment can extend to up to one year, which may 

lead to worsening of the patient’s condition during the waiting period leading to poor 

anatomical fit of the customized prosthesis once they receive it. These delays highlight 

the need for improved workflows and more time-efficient production of patient-specific 

septal button prostheses.  
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1.3. Purpose 

This thesis aims to investigate the potential of in-house production of patient-specific 

septal button prostheses at the 3D Center at Karolinska University Hospital, with the 

objective of improving workflow enabling faster production and improved patient care. 

1.4. Questions of inquiry 

- How can a CT-based digital workflow combined with 3D-printed mold 

fabrication produce a dimensional accurate and mechanically suitable patient-

specific nasal septal button? 

- How can the current workflow for fabrication of patient-specific nasal septal 

buttons at the Karolinska University hospital be improved to decrease production 

time? 

- How can in-house production of patient-specific nasal septal buttons at the 3D 

Center influence the total production time? 

- How can additive manufacturing be utilized to simplify the fabrication process of 

septal buttons? 

- How can the septal button be optimized to the patient and clinicians’ needs? 

- What are the material requirements in terms of biocompatibility and mechanical 

properties?  

2. Theory 

2.1. Nasal septum perforation 

The nasal septum divides the two nasal cavities and consists of three different types of 

tissue: mucosa, cartilage and bone. The bony portion of the septum is primarily composed 

of the maxillary crest, perpendicular plate of the ethmoid bone and vomer, while the 

cartilaginous portion mainly consists of the quadrangular cartilage (1).  

 

NSP is a defect that results in a hole in the nasal septum creating communication between 

the two nasal cavities. This defect occurs due to necrosis of all the tissue layers in the 

septum (1). The pathogenesis of NSP can be described in four stages. The first one is 

inflammation in the mucosa leading to tissue damage. This inflammation may cause 

swelling and crusting. The second stage is characterized by decreased vascularity and 

spread of inflammation to the deeper layers of the mucosa tissue. This results in reduced 

blood flow and a loss of mucosa tissue. The third stage involves ulceration and necrosis 

which occur following irregular attempts to regenerate and repair the mucosa tissue. The 

fourth and final stage involves the borders of the perforation being covered by atrophic 
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epithelium, consisting of a thin cell layer which is more susceptible to bleeding and 

crusting. At this stage enlargement of the perforation may also occur due to infection (1).  

2.1.1. Causes, symptoms and treatment options 

The cause of NSP varies and may be pathological or iatrogenic, however in some cases 

NSP is classified under other categories such as trauma. One of the most common causes 

is intra nasal drug abuse (3). Other causes can also be occupational exposure, 

autoimmune diseases and infectious diseases (1).  

 

NSP comes with symptoms which can affect the patient’s quality of life and can vary 

depending on the size and placement of the perforation. Some of the most common 

symptoms are crusting, bleeding, difficulty breathing, recurrent infections and pain (3).  

 

There are several treatment options for NSP, including medical management, surgical 

repair and the use of a nasal septal button prosthesis. Medical treatment primarily focuses 

on alleviating symptoms. Surgical treatment involves closure of the perforation; however, 

this option is limited to specific cases and is not always feasible. The success rate of 

surgical treatment varies and is often correlated to the size of the perforation, smaller 

perforations generally show a higher success rate than larger ones. When surgery is not a 

feasible option a nasal septal button can be used. A nasal septal button is a solution that 

temporary occludes the perforation and minimizes associated symptoms (1).  

2.2. Nasal Septal button 

Nasal septal buttons are a treatment option that temporarily occlude the NSP, thereby 

minimizing associated symptoms. A nasal septal button is a small prosthetic device which 

is placed through the perforation closing the communication between the two nasal 

cavities (1). Prostheses of this type can be an effective treatment option reducing 

symptoms and improving the patient’s quality of life (3). However, nasal septal buttons 

come with potential side effects such as bleeding, pain, irritation and crusting. In severe 

cases the use of a nasal septal button may contribute to enlargement of the perforation (1).  

 

There are commercially available nasal septal buttons, but these are only available in 

limited range of sizes and shapes. It is possible to slightly modify the prosthesis to 

optimize the fit, this does however not guarantee a perfect fit and is not a feasible option 

for all patients. Patient-specific septal buttons have been researched and successfully 

fabricated for patients where other treatment options have not been feasible. Based on an 

anatomical 3D model of the patient, obtained using different imaging or casting 

techniques, a prosthesis is cast in a polymer material approved for mucosa tissue contact 

(4). These patient-specific protheses have shown to be a successful treatment option in 

patient cases where other methods have not been. By ensuring perfect fit of the 
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prosthesis, symptoms that is induced by an NSP have been reduced increasing the 

patients quality of life (3).  

2.2.1. Materials 

Nasal septal buttons can be fabricated using different materials. Both commercially 

available and patient-specific septal buttons commonly consist of silicone, there are 

however cases where patient-specific septal buttons have been produced using acrylic 

resin (5). The choice of material depends on the design and insertion mechanism of the 

prosthesis. Commercial septal buttons typically consist of two round or oval discs 

connected by a central segment and are inserted through the perforation, therefore a soft 

silicone material is used. The same insertion principle is commonly applied to patient-

specific, molded one-piece silicone buttons (6). There are patient-specific septal buttons 

that are made of acrylic based material. These are a two-piece prosthetic and require a 

closing mechanism for insertion due to the material’s rigid properties. This closing 

mechanism can either be mechanical or magnetic (5).  

2.2.1.1. Silicone 

Silicone is a synthetic polymer commonly used in biomedical applications due to its 

biocompatibility. It is utilized in a wide range of medical applications including catheters, 

shunts and implants. Silicone exhibits good thermal and chemical stability and possesses 

hydrophobic properties. These characteristics contribute to the material’s biocompatible 

and inert properties. Due to its hydrophobic nature bodily fluids are less likely to adhere 

to the surface thereby reducing the risk of encrustation. Furthermore, the chemical and 

thermal stability of the material allows for repeated sterilization and enables the material 

to withstand interactions with the host tissue (7).  

 

Silicone exhibits high flexibility due to its low glass transition temperature (Tg) of 

approximately -120˚C and is available in wide range of hardnesses. The hardness of 

silicone is commonly measured in a shore A hardness scale where a value of 0 

corresponds to a very soft material and a value of 100 corresponds to a hard, rigid 

material (7).  

 

Silicone elastomers is classified based on their crosslinking mechanism into two main 

types, addition cure systems or condensation cure systems. For medical applications, 

addition cured silicones are generally preferred. Because condensation cured silicones 

release byproducts, which is undesirable in applications involving contact with biological 

tissue (8).  

 

A common type of addition cure silicone is platinum cured silicone, which utilizes a 

platinum-based catalyst to initiate crosslinking. These silicones are widely used in 
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medical grade applications due to their high purity and lack of byproduct formation. 

Platinum catalyzed silicones are available in different curing systems. Some cure at room 

temperature commonly referred to as room temperature (RTV), while other require 

elevated temperatures for curing (8). Two component RTV silicones (RTV2) can be 

formulated as medical grade due to their addition curing mechanism. However these 

materials are often very soft and typically exhibit low Shore A hardness (9). 

 

Heat cured platinum cured silicones are available with a higher Shore A hardness and are 

commonly used in medical grade applications (8). These silicones are generally 

categorized into Liquid silicone rubbers (LSR) or a high consistency rubber (HCR). The 

main difference between these materials is the viscosity of the uncured silicone which 

affects the processing methods. LSR silicones have a low viscosity and are therefore well 

suited for injection or casting processes whereas HCR silicones have a more solid, clay 

like consistency and are typically processed through compression or extrusion techniques 

(8). 

 

Platinum cured silicones are known to be sensitive to certain contaminants that inhibit the 

curing reaction. Materials used in SLA such as photopolymer resins may contain residual 

photoinitiators, monomers or oligomers if not fully cured. These substances can interfere 

with the crosslinking reaction and prevent complete curing of the silicone. In addition, 

residual solvents from post-processing such as alcohol may also affect the curing process. 

This present a challenge when using SLA printed molds for silicone casting(10).    

2.2.2. Biocompatibility 

Biocompatibility is a critical consideration for nasal septal button implants as they are in 

long term contact with the mucosa tissue. It is therefore essential that the material used is 

nontoxic and does not cause adverse reactions in the patient. Biocompatibility of 

materials are evaluated using the ISO 10993 standard series (11).  

 

Medical grade silicones are considered biocompatible materials; however, 

biocompatibility is classified according to the duration of tissue contact. According to 

ISO 10993 biological contact is divided into three categories; limited exposure which 

allows less than 24 hours of contact with mucosal tissue, skin or breached tissues; 

prolonged exposure, which allows contact for over 24 hours and up to 30 days; and 

permanent exposure, which involves contact for more than 30 days. Materials intended 

for prolonged and permanent exposure material require more extensive biological 

evaluation. Prolonged exposure materials require testing for genotoxicity, toxicity, intra 

muscular implantation with histopathology and hemolysis while materials intended for 

permanent exposure require additional testing including developmental toxicity, 

carcinogenicity and chronic toxicity (11).   
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2.3. Additive manufacturing 

Additive manufacturing (AM) is a manufacturing technique which has rapidly evolved 

and expanded across several industries including healthcare, aerospace and automotive, in 

recent years. AM is a fabrication method that is based on a layer-by-layer approach which 

enables the production of complex and customized geometries that are difficult or 

impossible using conventional manufacturing techniques. Material waste is also reduced 

with AM since components are fabricated directly and intricate designs can be produced 

with minimal material usage. AM is well suited for low volume production where 

flexibility and quick production time is prioritized over high throughput manufacturing. 

Implementation of AM in healthcare enables more patient-specific solutions thereby 

improving patient care. In medical applications AM is often combined with imaging data 

such as computed tomography (CT) enabling the fabrication of patient-specific devices 

(12).  

 

There are several different AM technologies allowing use of different material classes. 

Polymer based printing is most widely used today, however metals and ceramics can also 

be processed using AM. Material options for AM continue to evolve enabling an 

increasingly wide range of applications. Among polymer-based techniques extrusion-

based printing and Vat polymerization (VP) are the most frequently used (12).  

2.3.1. Extrusion printing 

Extrusion printing is one of the most widely used AM technologies, largely due to its 

relatively low cost and ease of use. Extrusion based printing operates by extruding 

material through a nozzle and depositing it layer by layer. This technology is commonly 

used with thermoplastic polymers but are available for more advanced materials such as 

silicones and bioinks (12). 

 

There are different types of extrusion-based printing technologies, however the most 

frequently used is Fused Filament Fabrication (FFF). FFF uses a thermoplastic filament 

as feedstock which is melted and extruded by a nozzle. The extruded material is deposited 

on a build platform where it solidifies with the decreasing temperature. Poly Lactic Acid 

(PLA) is one of the most frequently used material due to its ease of printing and low cost 

but there are other materials available such as acrylonitrile butadiene styrene (ABS) and 

polycarbonate (PC) (13). 

 

Direct Ink Writing (DIW) is another extrusion-based additive manufacturing technology. 

In DIW a liquid feedstock is contained in a reservoir and extruded through a nozzle by 

applied pressure. This is a versatile technique in which the ink exhibits flow behavior 
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during extrusion and solid like behavior after printing to retain its shape. Silicone is 

commonly used material in DIW printing (13). 

 

The resolution of the print is primarily dependent on the layer height and nozzle diameter. 

Features smaller than the nozzle diameter cannot be produced which makes it challenging 

to fabricate very small and detailed features using this technique (12).  

2.3.2. Vat polymerization 

Vat polymerization is a commonly used AM technology. It operates by curing a 

photosensitive resin using Ultraviolet (UV) light. The UV light selectively cures each 

layer within a vat of liquid resin forming the desired geometry layer by layer. The light 

source can vary depending on the specific technique, in stereolithography (SLA) a laser 

traces the geometry of each layer while in Digital light projection (DLP) the entire layer 

is projected and cured simultaneously. The resolution of the print is determined by the 

laser spot size or the pixel size in the projection. Compared to other printing techniques it 

is possible to achieve a very high resolution when using vat polymerization making it an 

ideal for applications when small, detailed features is desired (12).  

 

A wide range of materials is available for vat polymerization, with acrylic based resin as 

one of the most common ones (12). More advanced materials such as silicones or ceramic 

filled material can also be processed using this technique. However, the material 

formulation must contain photo initiators to enable curing. This requirement represents 

one of the limitations of using this technique, as it is not possible to print chemically pure 

materials. In medical applications this can be a constraint since photo initiators and other 

resin components may limit the biocompatibility of the material compared to 

conventional medical grade polymers (11).  

2.4. 3D Modeling of anatomical structures 

Computer tomography (CT) is an imaging technology that allows three-dimensional 

visualization of anatomical structures. During a CT scan the patient is imaged using X-

rays acquired from multiple angles which then are reconstructed by a computer, 

generating a three-dimensional representation of the scanned region. CT is a valuable tool 

for visualizing patient anatomy and pathological conditions and is widely used as a basis 

for patient-specific modeling and medical device design (14).  

 

CT imaging is a non-invasive technique that eliminates the need for invasive casting 

methods. Earlier casting approaches using impression materials such as alginate were 

used to get comprehension of the patient’s anatomy. This casting technique was used for 

fabrication of patient-specific septal buttons. This method requires topical anesthesia and 

carries a risk of discomfort as well as potentially worsening of the patient’s condition due 
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to the septum’s sensitive tissue. An alginate mass can be poured into the patient’s nasal 

cavities making an impression of the perfusion. The use of CT imaging reduces patient 

discomfort and provides a more efficient approach for anatomical assessment (4). 

2.5. Previous studies 

In 2016 the article, “Three-dimensional Printing of Large Nasal Septal Perforations for 

Optimal Prosthetic Closure”, was published in the American Journal of Rhinology and 

Allergy. In this study patient-specific silicone nasal septal buttons were fabricated using 

3D printing as part of the manufacturing process. CT images were acquired and used to 

generate anatomical models which were 3D printed and cast in dental impression material 

to create a mold capable of withstanding elevated temperatures. A lost wax technique was 

then used for fabrication of the silicone septal buttons. This fabrication method was 

applied to 21 patient cases (6). 

 

Another research, conducted at the Department of Prosthodontics and Digital Technology 

at Stony Brook University School of Dental Medicine, was published in 2019 under the 

title “Custom Nasal Septum Prosthesis Fabricated from a 3D-Printed Working Model: A 

Clinical Report”. In this study a 3D printed model of the patient’s anatomical structure 

was generated based on CT imaging. Using this model a wax-up of the septal button was 

created. A mold was fabricated, and a two-piece septal button was produced using acrylic 

material. Magnets were attached and used as a locking mechanism for the septal button. 

The study was presented as a single patient clinical case report (5). 

  

In 2020 the article “Quality-of-life changes following three-dimensional printing of 

prosthesis for large nasal septal perforations-Our experience of 13 patients” was 

published based on a study conducted at Liverpool University Hospital. In this study 

patient-specific nasal septal buttons were fabricated using 3D printed anatomical 

constructs derived from CT imaging. A two-part mold was created from the 3D printed 

structure, using the lost wax technique after which silicone was cast to form the septal 

button. The study focused on symptom reduction and improvements in quality of life 

which were evaluated using the Sino-Nasal Outcome test (SNOT-22) questionnaire to 

assess symptom progression (3).  

 

Previous studies have demonstrated the feasibility of fabricating patient-specific nasal 

septal buttons using CT based design and additive manufacturing as part of the workflow. 

However, the reported approaches rely on indirect additive manufacturing involving 

multiple fabrication steps and traditional manufacturing methods. Optimizing the 

workflow using a more direct design and manufacturing approach has the potential to 

improve overall efficiency and thereby increasing availability for the patients.  
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3. Materials and methods 

3.1. Design of study 

3.1.1. Literature research  

The project began with a comprehensive literature review with the aim of gaining a 

deeper understanding of current research within the field and identifying existing 

fabrication methods of nasal septal buttons. Material options suited for the application 

were also investigated.  

 

The literature review was conducted using the PubMed and Google Scholar databases. In 

addition, general Google searches were performed to find companies offering potential 

fabrication technologies and materials suitable for medical applications.  

3.1.2. Workflow mapping and Clinical observation 

To further examine optimal device design and product workflow, meetings with clinical 

and administrative experts were conducted. The purpose was to gather information about 

the current fabrication process and implant design to identify potential areas of 

improvement.  

 

To map the existing clinical workflow a meeting was held with two medical secretaries 

from the ENT department. They are responsible for a part of the workflow; including 

sending the 3D printed anatomical models from the 3D Center to an extern production 

facility. They also manage the reception of the finished device and its distribution to the 

ENT physician.  

 

In addition, a meeting with an ENT physician and a nurse was conducted during a patient 

appointment for insertion of a patient-specific nasal septal button. Observing the insertion 

procedure and discussions with the ENT physician provided a deeper understanding of 

the clinical handling of the device as well as practical product requirements. Clinical 

input regarding device design and current workflow was collected from the healthcare 

professionals involved.  

 

A meeting was conducted at the production facility of the septal button with the dental 

technician responsible for its fabrication. Observing the manufacturing process and 

discussion with the technician provided valuable insight into materials used, design and 

fabrication of the septal button.  
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3.1.3. Workflow 

To analyze and optimize the potential workflow for fabricating patient-specific nasal 

septal buttons, workflow charts were created. One chart maps the current fabrication 

process (Figure 1) while a second chart illustrates a proposed optimized workflow 

enabling in-house fabrication at the 3D center at Karolinska University Hospital (Figure 

2). The charts provide an overview of the production process, allowing potential points of 

improvement to be identified.  

 

3.1.4. Product and process requirements  

To ensure a structured and reproducible development process product requirements were 

defined prior to prototype fabrication. These requirements were based on gathered 

information during the literature research and discussion with experts and clinicians. 

These requirements were categorized into biological, geometric, functional and 

mechanical criteria. The defined requirements guided both the design process and 

evaluation of the device.  

 

 

Figure 1: Current workflow for fabrication of 

patient-specific septal button. 
Figure 2: Optimized workflow for in-house 

fabrication of patient-specific septal button. 
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Table 1: Product requirements for patient-specific septal button. 

ID Category Requirement Rationale Verification 

PR-01 Biological Material must be biocompatible 

for > 30 days mucosal contact. 

Intranasal 

implantation. 

Technical datasheet / 

ISO 10993  

PR-02 Geometric Device must correspond to CT 

derived perforation dimensions. 

Patient-specific fit. 3D model comparison. 

PR-03 Functional Device must occlude perforation 

without leakage. 

Restore airflow. Fit test in anatomical 

3D model. 

PR-04 Functional Device must have bilateral 

flanges that ensure a secure fit. 

Prevent migration. Fit test in anatomical 

3D model. 

PR-05 Functional The device shall incorporate a 

visible orientation indicator to 

distinguish anterior and 

posterior sides. 

Prevent incorrect 

insertion orientation. 

Visual inspection and 

orientation assessment 

during insertion in 

anatomical model. 

PR-06 Mechanical Device must be flexible enough 

for safe insertion. 

Avoid mucosal 

trauma. 

Insertion test in 3D 

anatomical model. 

PR-07 Mechanical The material shall allow 

modification by trimming during 

clinical insertion to enable 

adjustments to patient-specific 

anatomy. 

Ensure proper 

anatomical fit and ease 

of insertion. 

Manual deformation 

and cutting test. 

 

To evaluate the feasibility of implementing in-house production, manufacturing workflow 

requirements were defined. These requirements address equipment limitations, 

reproducibility, regulatory considerations and clinical practicality. 

 

Table 2: Manufacturing requirements for fabrication of septal buttons. 

ID Requirement Rationale Evaluation 

MR-01 Process must be executable using 

equipment available at the 3D 

Center. 

Enable in-house production. Equipment availability 

assessment. 

MR-02 The workflow shall allow for 

standardized parameter 

documentation (curing time, 

temperature) 

Enable reproducibility and 

protocol validation. 

Process documentation 

review. 
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MR-03 Fabrication process shall be 

adaptable for each patient case. 

Enable patient-specific 

production. 

Test fabrication of septal 

buttons based on different 

anatomical prototype 

models. 

MR-04 Total production time per device 

shall be clinically feasible for in-

house implementation. 

Practical and clinical 

adoption. 

Time measured during 

fabrication. 

MR-05 Materials used shall have accessible 

technical and safety documentation. 

Support future regulatory 

evaluation. 

Manufacturer 

documentation review. 

 

3.2. Prototype development 

Three steps of prototype development were conducted during this research. The first one 

was mold design, prototypes of anatomical models of a NSP were designed. The second 

step was testing the functionality of the molds for silicone casting. The last step was to 

utilize a direct printing approach when fabricating a septal button. This was to get 

understanding of available fabrication techniques and their applicability.  

3.2.1. Mold design 

No patient-specific data was used in this study, instead prototype models inspired by 3D 

anatomical representations of the nasal septal and NSPs were developed.  

 

Using the Computer Aided Design (CAD) software Fusion 360, anatomically 

representative models of the nasal septal were designed (Figure 3). Different perforation 

geometries were designed to simulate a range of clinical scenarios. The models were 

designed as a two-part mold, with a rectangular base geometry measuring 40 x 50 x 7.5 

mm. One part contained the negative geometry of the NSP while the second part 

functioned as the base of the mold enabling silicone casting. Several mold configurations 

and locking mechanisms were designed and evaluated to identify the most suitable design 

for the intended research application. Five different NSP designs were defined to 

represent varying perforation geometries and corresponding models were numbered 1-5.  

 

From the CAD designed anatomical representative models a negative model was created 

using Fusion 360. The negative version, which corresponds to the geometry of the septal 

button for the specific model were generated for all final anatomical prototype models 

(Figure 3, images A-E).   
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3.2.2. Printing of molds 

The anatomical representative models were sliced using the software Bambu Studio. The 

models were then 3D printed with PLA using a Creality CR-10 V1 FFF printer. 

 

When an optimal mold design had been achieved, Mold 1 was printed using Formlabs 

Form 3B+ SLA printer with resin. After the resin was postprocessed according to 

associated manufacturing guides, starting with removing from the build plate using a 

scraping tool. The mold was then washed in a Formlabs wash unit containing Isopropyl 

alcohol (IPA) and left to dry at room temperature for 30 minutes before being post-cured 

in a Formlabs post-curing unit.  

 

Support structures were carefully removed using pliers. To achieve a smoother surface, 

the molds were filed at the contacts points between the support structures and the mold 

surface using an electric file.  

3.2.3. Silicone casting 

Two LSR silicone materials from Wacker, Elastosil Vario 40 and Elastosil Vario 15, 

were used. Both were two-part component silicones utilizing the same catalyst, Elastosil 

Cat Vario. The silicone base and the catalyst were weighed in a plastic container at a 10:1 

ratio. The two components were mixed for approximately two minutes using a spatula. 

The container holding the silicone mixture was gently tapped against a flat surface to 

reduce air bubbles. Using a spatula the silicone was slowly poured into the molds. The 

silicone was cured at room temperature overnight. In the initial trials, silicone was cast in 

the FFF printed molds while in later trials silicone casting was also conducted with the 

SLA printed molds.  

 

Figure 3: CAD design of anatomically representative models with different geometries designed in Fusion 360. Numbered 1 to 5 

and corresponding negative models, septal buttons labeled a to A to E. 
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The cast silicone septal buttons were evaluated based on four parameters: ease of 

demolding as an indicator of mold design performance, dimensional accuracy in 

comparison to the CAD model, ease of insertion and removal in the anatomically 

representative models and perceived material hardness. The evaluation was conducted 

through visual inspection and qualitative tactile evaluation. 

3.2.4. Silicone curing inhibition evaluation 

To evaluate curing inhibition effects when using Formlabs resins for molding platinum 

catalyzed silicones, a silicone curing inhibition test was conducted. A test schedule was 

established to assess the effects of different postprocessing procedures. The post-

processing techniques investigated included extended post curing, thermal treatment, and  

aging.  

 

A mold was designed in the CAD software Fusion 360 and labeled A-K. The mold design 

consisted of a two-part rectangular geometry with the dimensions 30 mm x 40 mm x  7 

mm (Figure 4), providing full surface contact between the mold and the cast silicone.  

 

The molds were initially fabricated using a Formlabs Form 3B+ printer with the BioMed 

Clear resin. After printing, the molds were thoroughly washed for 20 minutes until clean 

and post cured according to the manufacturing guide. Additional post-processing steps, as 

described in Table 3, were then applied.  

 

In Table 3, extended post curing conditions (2x and 3x) are defined as two and three 

times the manufacturer’s recommended UV post curing duration. UV post curing in water 

refers to post curing of the printed molds while submerged in a transparent, water filled 

container for a defined duration, prior to subsequent curing under standard or extended 

conditions. Thermal treatment was performed by placing the printed molds in an oven at 

60 °C for a defined duration. Aging was performed by storing the printed and post 

processed molds at room temperature for a defined duration prior to silicone casting.  

Figure 4: Mold design for silicone Inhibition test, in Fusion 360. Image A show outer part of the mold design, with letters on 

top part varying from A-K. Image B show inner part of mold design. 
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Silicone casting was performed using Elastosil Vario 40 and the samples were left to cure 

at room temperature for 24 hours. After curing, the cast samples were evaluated through 

visual inspection and qualitative tactile assessment. Curing was classified as uncured, 

partially cured, mostly cured and fully cured.  

 

To enable comparison between different resin materials mold A, B, I and J were also 

fabricated using BioMed White resin. These molds were postprocessed according to the 

manufacturing guide, after which the additional postprocessing steps described in Table 

3, were applied. The silicone casting procedure was then repeated for these molds. 

 

In the final inhibition test, mold K was printed using both BioMed White and BioMed 

Clear resins. The BioMed Clear version of Mold K was fabricated using both a Formlabs 

Form 3B+ printer and a Formlabs Form 4B printer. In addition, mold A was printed in 

BioMed clear using the Form 4B printer to serve as a reference sample. 

 

Table 3: Silicone curing inhibition test schedule. 

Mold 

ID 

UV Cure duration  UV post curing in 

water (min) 

Thermal treatment (h) Aging (h) 

A Standard Not applied Not applied 0 

B 2x Not applied Not applied 0 

C 3x Not applied Not applied 0 

D Standard Not applied 2 0 

E Standard Not applied 4 0 

F Standard Not applied Not applied 24 

G 2x Not applied Not applied 24 

H Standard Not applied 2 24 

I Standard 10 Not applied 0 

J Standard 20 Not applied 0 

K 2x 60 4 0 

 

 

 



 

 

 Design and Fabrication of a Patient-Specific Septal Button Using 3D Modeling and Additive Manufacturing  23(48) 

3.2.5. Direct printing 

The septal button prototypes were fabricated using a Formlabs Form 3B+ printer with 

BioMed Elastic 50A resin. After printing the septal buttons were postprocessed according 

to the corresponding manufacturing guide. First, they were washed in IPA using a 

Formlabs wash unit for 20 minutes, followed by drying at room temperature for 30 

minutes.  

 

Support structures were carefully removed using a scalpel. The septal buttons were then 

post-cured in a transparent beaker containing water in a Formlabs post-curing unit for 20 

minutes at 70°C.  

3.3. Final septal button fabrication  

Following prototype development, fabrication of the final septal button was conducted. 

The fabrication process consisted of two main steps, mold fabrication and silicone 

casting. The selected fabrication approach was based on the results obtained during the 

previous prototype development phase.  

3.3.1. Final mold fabrication 

In the initial stage of the final mold fabrication, the anatomical geometry represented by 

Mold 1 (Figure 3) was printed using a Formlabs Form 3BL printer with BioMed White 

resin. Two mold designs based on the anatomical representative geometries 1-5 (Figure 

3) from previous part of the study were fabricated. 

 

The first design consisted of a two-part mold with an upper part containing the 

anatomical representative geometry and a lower part, both incorporating a locking 

mechanism to enable over molding. This design corresponded to the mold design 

previously used during prototype development. The second design consisted of a one-part 

mold containing only the anatomical representative geometry with an extended base 

allowing the mold to stand upright during casting. Based on this design, molds 

representing all five anatomical geometries (Figure 3) were fabricated. 

 

After printing, the molds were washed in IPA using a Formlabs Form Wash L V1, 

according to the corresponding manufacturing guides and subsequently left to air dry for 

one hour. Additional post-processing was then performed according to the post-

processing schedule established for mold K (Table 3).  

The molds were first post-cured while submerged in a transparent water filled container 

using a Formlabs Form cure L V1 at 60°C for one hour. After drying, the molds 

underwent standard post-curing at 60°C for two hours. A subsequent thermal treatment 

was then performed at 60°C for four hours using the pre heat function on the Formlabs 
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Form cure L V1. Following post-processing, the support structures were removed using 

pliers.  

3.3.2. Final silicone casting 

The final fabrication of the septal buttons was conducted using two different types of 

medical grade silicone materials. One material was a high consistency silicone elastomer 

(HCR), while the other was a liquid silicone rubber (LSR). Due to the differences in 

material consistency and processing requirements, two separate fabrication approaches 

were used.  

3.3.2.1. Fabrication using High Consistency Silicone Rubber  

The HCR used in this study was NuSil MED-4050. This is a two-component silicone 

material requiring mixing at a 1:1 ratio.  

 

A piece of Part B, corresponding to half of the total required silicone amount, was cut 

using scissors and weighed on a scale. The material was then softened by repeatedly 

passing it through a pasta roller, starting with a wider gap setting and gradually reducing 

the gap. After each pass, the flattened silicone was folded and then passed through the 

roller again. This process was repeated for ten passes. The prepared Part B was then set 

aside and the same procedure was repeated for Part A. 

 

Once both components had been softened, Part A and Part B were combined and passed 

through the roller together. The same folding and rolling procedure were used, with the 

material being folded and passed through the roller repeatedly for twenty passes to ensure 

complete mixing. 

 

The mixed silicone was then shaped into a ball and manually formed into a septal button 

directly on the printed mold (Figure 5).  
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Figure 5: Process of shaping HCR silicone onto the 3D printed mold. 

 

 

Figure 6: HCR silicone shaped onto Mold 1-5, before thermal curing. 

. 

Once desired the desired geometry was achieved the mold containing the silicone (Figure 

6) was placed in an oven at 115°C for ten minutes. The mold was then removed from the 

oven and allowed to stabilize at ambient temperature and humidity for three hours, after 

which the septal button was then demolded.  

3.3.2.2. Fabrication using Liquid Silicone Rubber 

The LSR used in this study was NuSil MED-4950. This silicone is a two-component 

silicone supplied in a 50ml side-by-side cartridge system, allowing automatic mixing 

through a static mixing tip, thereby eliminating the need for manual mixing. A deposition 

tip was attached to the cartridge system, which was then placed in a dispensing gun to 

enable controlled silicone deposition.  

 

The silicone was deposited into the printed mold. Prior to closing the mold, a small 

amount of silicone was applied to the lower flange regions of the septal button geometry. 

The mold was then closed, and additional silicone was deposited through the upper 

opening of the mold. A knife was subsequently used to level the silicone at the mold 

opening to ensure complete filling. The filled mold was placed in an oven at 150°C for 7 

minutes. After heating, the mold was removed from the oven and allowed to stabilize at 

ambient temperature and humidity for three hours. 
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The septal button was then demolded by first loosening the flanges from the upper part of 

the mold followed by opening the mold halves.  

4. Results & Discussion 

4.1. Mold design and prototyping 

4.1.1. Printing of molds 

The molds were successfully fabricated with both FFF printing using PLA (Figure 7) and 

SLA printing using resin-based materials (Figure 8). The SLA printed molds exhibited a 

noticeably smoother surface finish compared to the FFF printed molds. This observation 

was expected based on the higher resolution achievable with SLA printing. 

 

 

 

To minimize the impact of support structures on the casting surface, the molds were 

printed with an orientation that reduced the number of supports in contact with critical 

areas. As a result, the influence of support structures on the final cast silicone parts were 

minimal.  

4.1.2. Mold design & Casting 

The initial mold design printed in PLA enabled silicone casting; however, leakage of 

silicone occurred at the interface of the two mold halves. The first locking mechanism 

Figure 7: FFF printed molds fabricated using PLA, Mold 1 (left) ordered to 

Mold 5 (right). 

Figure 8: Mold 1 fabricated with SLA using BioMed Clear resin (left), Surgical 

Guide resin (center) and BioMed White resin (right). 
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consisting of four cylindrical pins and corresponding holes did not provide sufficient 

sealing, silicone leaked out on the sides of the mold. To address this issue the mold 

design was modified in a second design iteration. The locking mechanism was redesigned 

by introducing a flange structure, allowing the lower part of the mold to function as a 

container that more effectively retained the silicone during casting. Different dimensions 

of the locking features were tested to achieve a secure fit while maintaining appropriate 

tolerances between the two mold components.  

 

Two silicone materials with different hardness values, 40 Shore A and 15 Shore A, were 

tested with the first mold design. The results initially indicated that the 15 Shore A 

silicone was too soft to be suitable for use as a septal button. In contrast the 40 Shore A 

silicone produced a more structurally stable prototype and was considered more 

appropriate for this application. When molding smaller buttons, it was observed that a 

softer material is desirable for some geometries and that the desired hardness might vary 

depending on size of the button. 

 

Molds with varying anatomical geometries numbered 1-5, were designed to get a 

comprehensive overview of different patient cases. Both large and small NSPs were 

simulated. The results showed sufficient silicone casting for most sizes and geometries. 

Casting with mold 4, which has a very small geometry, proved to be problematic during 

demolding. In the first iteration of casting mold 4, the septal button broke off at the center 

due to the flanges being too large and stiff to fit through the hole. Mold 4 was therefore 

recast using the softer silicone, Elastosil Vario 15 with a shore A hardness of 15, to see if 

this would resolve this demolding issue. The softness of the material allowed demolding 

without damaging the septal button. The flaps on the button were very soft, allowing both 

removal from the mold but also insertion of the button. The mechanical stability of the 

button was lower due to the softness of the material which had been recognized during 

the first casting iteration. The larger buttons require higher mechanical stability while the 

smaller buttons do not. Due to the smaller size, the button is still secure while exhibiting 

lower mechanical stability.  

 

The casting trials demonstrated that due to leakage between the two molds halves, a 

larger volume of silicone, than initially expected to produce a sufficiently solid septal 

button, was required. During casting in mold 2, an insufficient amount of silicone was 

used, resulting in a weak septal button with thin flanges on the pouring side of the mold 

and almost a hollow center.  

 

For all silicone castings the flanges required trimming with scissors after demolding. This 

was necessary both due to silicone leakage between the mold halves and due to thin edges 
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of the flanges on the pouring side of the mold. These observations also indicated that a 

larger volume of silicone than initially anticipated is required during casting to produce a 

structurally stable septal button. 

 

The surface quality of the cast septal buttons was observed to be poorer on the bottom 

surface compared to the sides and top part. Surface structures from the bottom part of the 

mold were transferred to the cast silicone parts which is correlated to the relatively rough 

surface finish of FFF printed parts. The results indicate that using a printing technique 

with a higher resolution would be preferable for mold fabrication to achieve a smoother 

surface on the final septal button. 

4.1.2.1. Casting using SLA printed molds 

Following the initial prototyping step using PLA printed molds silicone casting was also 

conducted using SLA printed molds. During the first casting iteration, mold 1 fabricated 

in BioMed Clear resin was used together with Elastosil Vario 40 silicone. The results 

showed insufficient curing after being left overnight. In contrast, previous casting trials 

using PLA printed molds resulted in complete curing under the same conditions. The 

silicone cast in the BioMed Clear mold appeared partially cured at the surface on the 

pouring side while the internal structure remained largely uncured upon demolding. A 

thickening in consistency of the silicone could be seen internally but it was overall largely 

uncured. The mold was then left undisturbed for three additional days to evaluate if 

further curing would occur. After three days the silicone was cured at the surface but 

remained incompletely cured internally. The mold was then opened and left exposed to 

the surrounding environment for one additional day, allowing the inner regions of the 

silicone to interact with ambient conditions. This resulted in complete curing of silicone.  

 

These observations suggest that curing inhibition occurred when using the SLA printed 

molds. It is established that residual photoinitiators, monomers or other contaminants 

present in photopolymer resins can inhibit the curing of platinum catalyzed silicones. 

This is likely the cause of the insufficient curing observed with the BioMed clear mold.  

 

To attempt to address this issue the mold was subjected to an additional post-curing step. 

The mold was post-cured again for 30 minutes at 60°C in a Formlabs post-curing unit. 

This was done to further polymerize any remaining photoreactive substances in the resin 

and thereby reduce their inhibitory effect on the silicone curing process. In addition, mold 

1 was fabricated using two alternative resins, BioMed White and Surgical Guide Resin, to 

evaluate their effect on silicone curing. 
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Subsequent casting trials using Elastosil Vario 40 silicone showed that the mold printed 

with BioMed White resin achieved sufficient curing whereas the other two molds did not. 

The BioMed clear mold demonstrated improved curing compared to the initial trial 

indicating that additional post-curing had a decreasing effect on the inhibition. However, 

curing remained incomplete in regions where there was full contact between the silicone 

and the mold.  

 

The mold printed using the Surgical Guide Resin exhibited the poorest curing 

performance. While the silicone at the pouring side was fully cured the lower regions 

remained largely uncured upon demolding. Almost no thickening of the silicone in full 

contact with the mold could be seen as indication that curing had happened.  

 

BioMed clear and BioMed white resins are chemically similar, the main difference being 

the presence of pigment in the BioMed white resin. The improved curing observed in 

BioMed white may therefore be due to the presence of pigment. The pigment could have 

enhanced the polymerization due to light absorption or scattering during printing and 

postprocessing. However, this explanation remains speculative and would require further 

investigation.  

4.1.3. Direct printing 

Direct printing of septal button prototypes was conducted using the flexible material 

BioMed Elastic 50A from Formlabs. All five button designs were successfully printed 

(Figure 9). However, post-processing of the printed parts proved to be challenging. 

Removal of residual resin from the surface was difficult due to the high viscosity of the 

resin and multiple wash cycles were required to achieve satisfactory results.  

 

 

Figure 9: Direct printed septal buttons fabricated from CAD geometries presented in Figure 3, 

corresponding to designs A-E. 

 

Removal of support structures resulted in visible surface marks on the printed structure 

(see Appendix A). Due to the soft and flexible nature of the material further postprocess 

to improve surface quality was limited. In addition, the flange edges of the buttons were 

very thin and were damaged during the washing process resulting in uneven edges.  
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The results from direct printing revealed several limitations for the implementation of this 

manufacturing approach. Firstly, the material used is only allowed for short-term contact 

with mucosa tissue, less than 24 hours. As septal buttons are intended for long term 

implantation this represents a significant limitation. Furthermore, the material exhibited a 

relatively high stiffness which could complicate the insertion of the septal button and 

reduce patient comfort. The postprocessing challenges also resulted in uneven surface 

quality and irregular edges. Such surface imperfections are undesirable in clinical 

applications as they may cause further damage to the patient’s septum, and the uneven 

surface could also cause accumulation of biological materials. 

 

Based on these finds, direct 3D printing of septal buttons using currently available 

materials does not appear to be a viable manufacturing approach. This is primarily due to 

limitations in biocompatibility as well as challenges related to surface quality and 

postprocessing.  

4.1.4. Silicone inhibition test 

To evaluate silicone curing inhibition associated with SLA printed parts a silicone curing 

inhibition test was conducted. During the test, different additional post-processing steps 

were investigated (Table 3) to determine whether these could reduce or prevent the 

inhibition effects caused by the resin.  

 

A control sample (A) processed only according to the manufacturing guide was included 

in each test to enable comparisons between standard and additional post-processing. The 

results were evaluated based on surface curing, internal curing, demolding behavior, 

shape fidelity and summarized as an overall curing result. The test was conducted using 

molds printed in both BioMed Clear resin (Table 4) and BioMed White resin (Table 5). In 

addition, two different printers were evaluated for the BioMed Clear resin to assess any 

potential influence on the results.  

4.1.4.1. Inhibition of BioMed Clear Resin 

During the first iteration of tests mold A, B and C were printed using the Formlabs Form 

3B+ printer with BioMed Clear resin. These molds differed in post curing duration, mold 

A was cured once, mold B twice and mold C three times. This was done to evaluate 

whether extended post curing could reduce inhibition effects caused by residual uncured 

resin. No significant differences in curing behavior when casting silicone were observed 

between these samples. All samples exhibited clear signs of curing inhibition (Table 4). 

The silicone remained tacky with no stable or well-defined geometry formed. Although 

slight thickening of the material was observed, the silicone remained largely liquid. These 

results indicate that extended post curing alone was not sufficient to prevent curing 

inhibition. 
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Mold A was also fabricated using the Formlabs Form 4B printer, in BioMed Clear resin 

to evaluate whether the printing system influenced silicone curing inhibition. Compared 

to the corresponding Mold A sample printed with the Formlabs Form 3B+, reduced 

curing inhibition was observed. The main distinction between the printers is their light 

exposure systems with the Form 3B+ utilizing a laser-based system and the Form 4B 

utilizing a backlight-based exposure system. In the Form 4B sample the silicone surface 

remained uncured while internal regions showed partial curing. This partial internal 

curing was not observed in the corresponding sample printed using Form 3B+, where 

curing inhibition appeared more extensive.  

 

Mold D and E were also printed using the Formlabs Form 3B+ printer with BioMed Clear 

resin. In this iteration of tests, thermal treatment at 60°C was investigated as an additional 

post-processing step. Mold D was treated for 2 hours while mold E was treated for 4 

hours. The thermal treatment was applied to promote evaporation of residual solvents and 

inhibitory substances. The samples showed improved curing compared to the previous 

iteration. Sample D exhibited a tacky surface with a soft but solid core. Upon demolding 

the silicone detached from the edges, indicating poor shape fidelity. Sample E 

demonstrated further improvement in curing. The surface remained slightly tacky but less 

than in previous samples. The core was solid and more rigid compared to sample D. 

Upon demolding, improvements in shape fidelity were observed with the edges largely 

retaining their intended geometry. These results indicated that thermal treatment reduced 

the degree of silicone curing inhibition, with longer treatment durations resulting in 

further improvement.  

 

In the next iteration of the test mold F, G and H were also printed using the Form 3B+ 

printer with BioMed Clear resin. In this set of experiments the effect of aging the molds 

prior to casting was investigated. Mold F was processed in the same manner as mold A 

and subsequently aged 24 hours. Mold G was post processed in the same manner as mold 

B and then aged for 24 hours, mold H was post processed in the same manner as mold D 

and aged for 24 hours. Sample F showed reduced curing inhibition compared to mold A, 

indicating that aging for 24 hours improved curing behavior. The sample exhibited a 

tacky surface with a partially solidified core. Sample G also showed a tacky surface, but a 

significantly more solid core compared to both sample F and sample B. This indicates 

that the combination of extended post curing and aging resulted in improved curing 

behavior, suggesting that both post-processing steps contributed to reducing inhibition. 

Mold H demonstrated further improvement compared to both mold D and mold G. The 

surface was largely solid with minimal tackiness, and the core was more rigid and fully 

cured compared to previous samples. Upon demolding the edges largely retained their 

intended shape indicating improved shape fidelity. Overall, these results indicate that 
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aging of the mold reduces inhibition effects. Furthermore, combining aging with other 

postprocessing techniques results in a more pronounced reduction in inhibition. 

 

In the next iteration of testing, molds I and J were printed using the Form 3B+ printer and 

BioMed Clear resin. In this set of experiments, UV post-curing in water was investigated 

as an additional post-processing step. Mold I was post-cured in water for 10 minutes prior 

to standard post-curing. Mold J was post-cured in water for 20 minutes followed by 

extended post-curing(2x). The purpose of curing in water was to reduce the interaction 

between the printed surface and ambient air during the curing process, minimizing the 

risk of oxygen inhibition. Sample I exhibited a tacky surface but a solid core, indicating 

improved curing compared to previously tested samples. Upon demolding the sample 

could retain part of its geometry, representing a significant improvement compared to 

sample A, which was processed in a similar manner but without water-assisted curing.  

Sample J showed similar results to sample I, with a tacky surface and a largely solid core. 

These results indicate that initiating the post-curing process underwater reduces the 

inhibition effects of the resin.  

 

Table 4: Results from Silicone curing inhibition test using BioMed Clear resin. 

Mold ID Printer Surface curing Internal 

curing 

Demolding 

behavior 

Shape 

fidelity 

Overall curing 

result 

A Form 

3B+ 

Uncured Uncured Not possible Poor Inhibited 

A Form 

4B 

Uncured Partially cured Not possible Poor Inhibited 

B From 

3B+ 

Uncured Uncured Not possible Poor Inhibited 

C Form 

3B+ 

Uncured Uncured Not possible Poor Inhibited 

D Form 

3B+ 

Uncured Partially cured Not possible Poor Partial 

E Form 

3B+ 

Partially cured Mostly cured Possible Moderate Near complete 

F Form 

3B+ 

Uncured Partially cured Not possible Poor Inhibited 

G Form 

3B+ 

Uncured Partially cured Not possible Poor Partial 
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H Form 

3B+ 

Mostly cured Fully cured Not possible High Near complete 

I Form 

3B+ 

Partially cured Mostly cured Difficult Moderate Partial 

J Form 

3B+ 

Partially cured Mostly cured Difficult Moderate Partial 

K Form 

3B+ 

Fully cured Fully cured Easy High Near complete 

K Form 

4B 

Fully cured Fully cured Easy High Near complete 

 

4.1.4.2. Inhibition of BioMed White Resin 

Further testing was conducted using BioMed White resin. Molds made with the BioMed 

White resin showed overall improved results compared to BioMed Clear. Sample A with 

no additional post-processing exhibited improved curing when using BioMed White. 

Although the results were not optimal, increased curing, particularly in the core region, 

was observed. Sample B, which had undergone double post-curing, showed the most 

pronounced improvement during first iteration of testing. This sample exhibited a mostly 

cured surface and a solid core. Compared to previous molding trials using PLA the results 

still indicated some material softening in material and residual surface tackiness. This 

suggests that the mold material continues to influence the curing behavior of silicone. 

Further improvements in curing behavior could be seen in sample I and J cast in BioMed 

White, especially when combined with extended post-curing, which was observed in 

sample J. UV post-curing in water contributed to a reduction in inhibition, however when 

applied as the sole additional postprocessing step it was not sufficient to fully eliminate 

the inhibition effects.  

 

Table 5: Results from Silicone curing inhibition test using BioMed white resin. 

Mold 

ID 

Surface curing Internal curing Demolding 

behavior 

Shape fidelity Overall curing 

result 

A Uncured Partially cured Difficult Low Partial 

B Mostly cured Fully cured Possible High Near 

complete 

I Uncured Mostly cured Difficult Moderate Partial 

J Partially cured Mostly cured Difficult Moderate Partial 

K Fully cured Fully cured Easy High Complete 
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4.1.4.3. Combined post-processing strategy  

The final iteration of testing involved mold K which consisted of a combination of the 

previously tested postprocessing steps. None of the individual postprocessing steps had 

shown sufficient results on their own, however improvements in curing behavior were 

observed. A combined approach was therefore evaluated. Mold K included extended 

post-curing, UV post-curing in water, thermal treatment and aging.  

 

Sample K, cast in molds printed in both BioMed Clear and BioMed White resins 

exhibited complete curing (Table 4 and Table 5). Mold K, fabricated in BioMed Clear 

with both the Form 3B+ and Form 4B printer. Both samples showed complete internal 

curing although a slightly tacky surface remained indicating some remaining curing 

inhibition. The sample produced from the Form 3B+ printed mold exhibited slightly more 

surface tackiness compared to the Form 4B printed sample. Mold K printed with the 

BioMed white resin showed complete curing with no observable signs of inhibition. 

  

Across multiple test iterations, BioMed white consistently demonstrated improved curing 

performance compared to BioMed clear. As base chemistry of the resins is similar 

according to available safety datasheet, the observed differences may be attributed to the 

presence of pigment. However, this interpretation remains speculative.  

4.2. Final silicone septal button 

For the final fabrication of the septal button both mold designs were successfully printed. 

BioMed White resin was selected as the mold material based on the results from the 

previous stages of the study. During prototype development and silicone inhibition testing 

the BioMed White resin was successfully printed and consistently demonstrated the 

lowest degree of silicone curing inhibition.   

 

The molds were post-processed according to the Mold K post-processing schedule (Table 

3), as this was the only post-processing combination that previously resulted in complete 

silicone curing without observable signs of inhibition when using BioMed White resin. 
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4.2.1. Fabrication using Liquid silicone rubber  

A septal button was fabricated using the NuSil MED-4950 silicone. Two casting attempts 

were made to achieve a final product. The resulting septal button was fully solidified 

however; several fabrication related imperfections were observed (Figure 10). 

During the first casting attempt, the center region of the septal button remained uncured, 

likely due to insufficient curing time in the oven. In the second attempt the curing was 

extended to 7 minutes, resulting in a fully cured septal button.  

 

In the second casting attempt, the surface of the lower region of the septal button, which 

had been in contact with the mold exhibited slight tackiness. This may indicate either 

incomplete curing or residual silicone inhibition caused by the mold material, as similar 

effects were observed in previous inhibition tests.  

 

The LSR exhibited higher viscosity in its uncured state than initially anticipated. Since an 

over molding technique was used, a lower viscosity material would likely have been more 

suitable. The silicone retained the geometry of the extruded strands during deposition 

resulting in an uneven surface. Surface leveling using a knife was tested and resulted in 

some improvement, however due to the tacky nature of the material, achieving a smooth 

and clinically desirable surface remained difficult.  

 

Due to the shape retention of the uncured silicone, the material also folded onto itself 

during deposition, trapping air and creating air bubbles within the structure. As a result, 

optimal fabrication results were not achieved using LSR in combination with the selected 

fabrication method. These findings suggest that the fabrication approach would need to be 

adapted to better match the rheological properties of the material to achieve improved 

results.  

Figure 10: Final septal buttons cast with NuSil MED-4950. A) First casting 

attempt, B) Second casting attempt. 
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4.2.2. Fabrication using High consistency rubber  

A septal button was fabricated using NuSil MED-4050. Two fabrication attempts were 

conducted to evaluate and optimize the fabrication method.  

 

During the first casting attempt a functional septal button was successfully fabricated. 

Both the fabrication process and the resulting product showed promising outcomes. The 

clay like material was easily shaped into the desired septal button geometry and no signs 

of curing inhibition were observed.  

 

Figure 11: Final septum buttons fabricated with NuSil MED-4050. Geometries 1-5 correspond to Figure 3. 

During the second fabrication attempt, molds representing five anatomical geometries 

(Figure 3) were printed and used for silicone casting (Figure 11). The variation in shapes 

and geometries provided the possibility to evaluate the applicability of the fabrication 

method for future patient-specific septal buttons. The handling properties of the material 

made it straightforward to shape the flanges for optimized insertions and adapt the 

geometry to the specific perforation size and shape. Using sculpting tools, the material 

could be continuously adjusted until the desired geometry was achieved.  

 

Compared to the previously tested LSR, the HCR was considerably easier to handle 

during fabrication. Due to its clay-like consistency the design freedom was greater than 

with LSR used in the previous fabrication approach. The use of a one-part mold as a 

shaping base allowed the septal button and its flanges to be manually adjusted in terms of 

shape, size and thickness, making the method highly adaptable to different perforation 

geometries.  

 

The mold designs used with HCR were also simpler and less time-consuming, both in 

terms of CAD design and printing time. Although the material preparation time for HCR 

was longer than for LSR, as the two components required manual softening and mixing, 

the overall time difference became less significant when considering the complete 

fabrication workflow including shaping and mold preparation.  



 

 

 Design and Fabrication of a Patient-Specific Septal Button Using 3D Modeling and Additive Manufacturing  37(48) 

 

Some air bubbles were observed in the final septal buttons. These likely originated during 

the mixing and folding process where air was trapped between material layers. While air 

inclusions are not desirable in a final implant this issue could likely be resolved through 

more controlled mixing.  

 

The hardness of the cured material appeared suitable for most tested geometries. The 

flexibility of the flanges could be easily adjusted by modifying their thickness. By 

varying the thickness of both the flanges and the central region of the septal button, the 

design could be adapted to provide increased stability in areas requiring structural support 

while maintaining flexibility where needed for insertion and anatomical adaptation.  

4.3. Product and manufacturing requirements  

Fabrication of the final septal button was evaluated against the predefined product and 

manufacturing requirements established at the beginning of the study. Requirement 

fulfillment was classified into three categories; fulfilled, partially fulfilled and not 

fulfilled. The evaluation results are presented in Table 6 and Table 7. 

 

Table 6: Product requirement fulfillment. 

ID Requirement Fulfilment Comments 

PR-01 Longterm mucosa 

biocompatibility 

Partially fulfilled Nusil MED-4050 selected, 

approved for implantation <29 

days. 

PR-02 CT-based anatomical fit Fulfilled Patient-specific geometries can be 

fabricated based on anatomical 

models. 

PR-03 Effective perforation 

occlusion 

Partially fulfilled Geometry suggests sufficient 

occlusion, but functional leakage 

testing was not performed. 

PR-04 Secure bilateral flange 

fixation 

Fulfilled Bilateral flanges were 

successfully manually shaped and 

integrated into the final design. 

PR-05 Clear orientation 

identification 

Not fulfilled No dedicated orientation marker 

was implemented in the final 

design. 

PR-06 Safe insertion flexibility Fulfilled Material flexibility and flange 

thickness could be adjusted. 
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depending on anatomical 

requirements. 

PR-07 Clinical adjustability Fulfilled The selected silicone material 

allows manual trimming during 

clinical insertion. 

 

Of the seven predefined product requirements four of them were fulfilled, two were 

partially fulfilled and one was not fulfilled. Product requirement 01 was classified as 

partially fulfilled as the selected material was approved for implantation for up to 29 

days, while the requirement specified biocompatibility for more than 30 days of mucosal 

contact. In the available technical documentation, no information regarding the extent of 

approved mucosal tissue contact was provided. Although the material is approved for 

implantation further investigation is required to determine whether this requirement can 

be considered fully fulfilled.  

 

Product requirement 03 was also classified as partially fulfilled. The geometry of the 

fabricated septal buttons suggests effective occlusion the perforation however, functional 

testing would be required to confirm that leakage does not occur under clinical 

conditions.  

 

Product requirement 05 was not fulfilled, as no orientation marking was incorporated into 

the final design. During the research there was no available suitable material that was 

both biocompatible and capable of adhering reliably to the septal button surface for use as 

a marker. With additional development time and access to alternative materials this 

requirement may be achievable. One possible approach would be the incorporation of 

pigment into the silicone material to create an integrated orientation marker, however this 

was not explored within the scope of the present study. 

 

Table 7: Manufacturing requirement fulfillment. 

ID Requirement Fulfillment Comments 

MR-01 3D Center 

equipment 

compatibility 

Fulfilled All fabrication steps were 

performed using equipment 

available at the 3D Center. 

MR-02 Standardized 

process parameters 

Fulfilled Fabrication parameters such 

as curing temperature and 

duration were defined and 

documented. 
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MR-03 Patient-specific 

process adaptability 

Fulfilled The fabrication workflow 

allowed adaptation of 

geometry, flange design and 

material shaping for different 

anatomical cases. 

MR-04 Clinically feasible 

production time 

Partially fulfilled In-house fabrication was 

demonstrated but full clinical 

workflow timing was not 

quantitively evaluated. 

MR-05 Accessible material 

documentation 

Fulfilled Technical datasheets, 

processing instructions and 

safety documentation were 

available for all selected 

materials. 

 

Of the five predefined manufacturing requirements four were fulfilled and one was 

partially fulfilled. Manufacturing requirement 04 was classified as partially fulfilled as no 

complete evaluation of the total production time was conducted. While the fabrication 

time at the 3D Center was documented the lead time associated with the clinical 

workflow was not evaluated. As a result, further investigation would be required to 

determine whether the total production time is clinically feasible for full in-house 

implementation. 

4.4. Final workflow  

Through in-house fabrication of patient-specific septal buttons the workflow can be 

significantly simplified. During this study in-house fabrication of patient-specific septal 

buttons was successfully demonstrated showing the feasibility of replacing the current 

external manufacturing step.  

 

The current workflow for fabrication of patient-specific septal buttons is presented in 

Figure 1. This process involves communication and transfer of physical models between 

departments within the hospital and an external manufacturing facility contribution to 

extended lead times.  

 

A proposed optimized workflow is presented in Figure 2, where the external fabrication 

step is removed and manufacturing is instead performed in-house. By eliminating the 

need to transport anatomical models and finished products between facilities the overall 

lead time can be reduced. In addition, reducing the number of stakeholders involved may 
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decrease the risk och miscommunication while enabling closer collaboration between 

clinical and technical personnel, potentially resulting in a more optimized final product.  

 

Based on the findings of this study, the proposed workflow presented in Figure 2 appears 

to be a feasible approach for implementing in-house fabrication of patient-specific septal 

buttons at Karolinska University Hospital. The fabrication methods and workflow 

developed in this study indicated that such an implementation is practically achievable.  

5. Conclusion 

In this study a fabrication method for in-house production of patient-specific septal 

buttons at the 3D Center was established. A final septal button fulfilling majority of the 

predefined product and manufacturing requirements were successfully fabricated.  

 

Through iterative prototyping, silicone curing inhibition testing, evaluation of direct 

additive manufacturing and final fabrication evaluation a compatible manufacturing 

approach were investigated. While direct 3D printing demonstrated potential as a 

simplified fabrication route, limitations related to material properties and post-processing 

prevented it from fully meeting the predefined requirements. The final manufacturing 

method therefore utilized BioMed White resin as the mold material in combination with 

the HCR NuSil MED-4050, resulting in a customizable septal button suitable for different 

perforation geometries.  

 

The study demonstrates that in-house fabrication of patient-specific septal buttons is a 

feasible alternative to external manufacturing with the potential to improve workflow 

efficiency, reduce lead times and increase adaptability in the fabrication of patient-

specific septal buttons.  

6. Future research 

To enable clinical implementation of in-house fabrication of patient-specific septal 

buttons further optimization of both the device and the fabrication workflow is required. 

 

First the final device would require biocompatibility testing to comply with the Medical 

Device Regulation (MDR) requirements for implantation. For the septal button to be a 

clinically feasible long-term solution, the material must be approved for mucosal contact 

durations exceeding 30 days. This would require additional material testing and 

regulatory evaluation.  
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In this study no patient data was used. To establish a full clinically applicable workflow 

the fabrication method should be validated using real patient CT data and segmentation 

workflows. While the anatomical models used in this study were inspired by real septal 

perforation geometries, validation using actual patient-specific anatomical data would 

increase the clinical relevance and reliability of the proposed workflow.  

 

The final device utilized a silicone material with a shore A hardness of 50. Further 

investigation of alternative hardness levels could provide valuable insight into 

optimization of the device design. During the prototype stage, softer silicone materials 

appeared advantageous when fabricating septal buttons with smaller geometries, 

suggesting that material hardness may need to be adapted depending on the anatomical 

case.  

 

Further investigation is also needed regarding orientation marking of the septal button. A 

clear orientation indicator would be important to support correct clinical insertion of the 

device. Pigments compatible with NuSil MED-4050 can be a feasible solution for 

integrating such marking directly into the silicone material.  

 

Finally, collaboration with ENT clinicians would be valuable for further optimization of 

the final product. Clinical feedback regarding insertion, handling and functional design 

could support refinement of the septal button to better meet clinical requirements.  
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Appendix 

Appendix A: Directly printed septal buttons 

 

 

Figure A1: Directly printed septal button fabricated using SLA, design obtained from Mold 1. Left image 

shows the bottom surface, center image shows the top surface with support contact points, and right image 

shows a side view. 

 

 

 

 

 

Figure A3: Directly printed septal button fabricated using SLA, design obtained from Mold 3. Left 

image shows the bottom surface, center image shows the top surface with support contact points, and 

right image shows a side view. 

 

Figure A3: Directly printed septal button fabricated using SLA, design obtained from Mold 3. Left 

image shows the bottom surface, center image shows the top surface with support contact points, and 

right image shows a side view. 

Figure A2: Directly printed septal button fabricated using SLA, design obtained from Mold 2. Left image 

shows the bottom surface, center image shows the top surface with support contact points, and right 

image shows a side view. 

 

Figure A2: Directly printed septal button fabricated using SLA, design obtained from Mold 2. Left image 

shows the bottom surface, center image shows the top surface with support contact points, and right 

image shows a side view. 
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Figure A4: Directly printed septal button fabricated using SLA, design obtained from Mold 4. Left image 

shows the bottom surface, center image shows the top surface with support contact points, and right 

image shows a side view. 

 

Figure A4: Directly printed septal button fabricated using SLA, design obtained from Mold 4. Left image 

shows the bottom surface, center image shows the top surface with support contact points, and right 

image shows a side view. 

Figure A5: Directly printed septal button fabricated using SLA, design obtained from Mold 5. 

Left image shows the bottom surface, center image shows the top surface with support contact 

points, and right image shows a side view. 

 

Figure A5: Directly printed septal button fabricated using SLA, design obtained from Mold 5. 

Left image shows the bottom surface, center image shows the top surface with support contact 

points, and right image shows a side view. 
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Appendix B: Fabrication protocol for patient-specific septal 

button 

 

Mold fabrication: 

1. Segment the septal perforation from the CT data. 

2. Print the mold using a Formlabs Form 3BL printer with BioMed White resin. 

3. Wash the printed mold in a Form Wash L V1 containing IPA for 20 minutes, or 

until clean. 

4. Allow the mold to air dry for 1 hour. 

5. Place the mold in a transparent plastic container and fill it with water until the 

printed part is completely submerged (Figure B1). 

 

 

Figure B1: Mold is submerged in water and then UV-cured. 

 

6. Cure the submerged mold in a Formlabs Form cure L V1 at 60℃ for 1 hour. 

7. Remove the mold from the water and dispose of the water in the designated 

container. Allow the mold to air dry at room temperature or dry it using a hot air 

dryer.  

8. Post-cure the mold in the Formlabs Form cure L V1 at 60℃ for 2 hours.  

9. Thermally treat the mold using the preheat mode in the Formlabs Form L V1 at 

60℃ for 4 hours. 

10. Remove supports using pliers.  

 

 

Casting of silicone: 

Using NuSil MED-4050 high consistency silicone elastomer(HCR).  
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Mixing ration: 1:1 ratio (Part A and Part B). 

 

1. Cut a piece of Part B using scissors and weight on a scale (Figure B2). The 

weight should correspond to half the total desired silicone amount.  

 

Figure B2: Silicone is cut and weighed. 

2. Pass the silicone through a pasta roller to flatten the material. Fold the flattened 

piece and pass it through the roller again (Figure B3). Repeat this process 10 

times, or until the material has softened. 

 

Figure B3: Silicone is softened by passing through pasta roller and folding of the material. 

3. Repeat steps 1-2 for Part A. 

4. Combine Part A and Part B (Figure B4) and pass the material through the pasta 

roller. Fold the flattened material and pass it through the roller again. Repeat this 

process 20 times to ensure homogenous mixing.  
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Figure B4: Part A and Part B are combined. 

5. Roll the mixed silicone into a ball by hand and then place it onto the printed mold 

(Figure B5).  

6. Shape the silicone manually, using hands and sculpting tools as needed, until 

desired shape, size and thickness of the septal button are achieved. 

 

Figure B5: Silicone is shaped after mold using hands and sculpting tools. 

7. Place the mold containing the silicone in a preheated oven at 115℃ for 10 

minutes. 

8. Remove the mold from the oven. 

9. Allow the mold to stabilize at ambient temperature and humidity for 3 hours.  

10. Carefully demold the finished septal button.   

 

 

 

 

 


