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Abstract

:

Featured Application


The proposed models can be used to train general practitioners in minor surgery courses in primary care centers.




Abstract


In order to increase the efficiency of the Spanish health system, minor surgery programs are currently carried out in primary care centers. This organizational change has led to the need to train many general practitioners (GPs) in this discipline on a practical level. Due to the cost of the existing minor surgery training models in the market, pig’s feet or chicken thighs are used to practice the removal of figured lesions and the suture of wounds. In the present work, the use of 3D printing is proposed, to manufacture models that reproduce in a realistic way the most common lesions in minor surgery practice, and that allow doctors to be trained in an adequate way. Four models with the most common dermal lesions have been designed and manufactured, and then evaluated by a panel of experts. Face validity was demonstrated with four items on a five-point Likert scale that was completed anonymously. The models have obtained the following results: aesthetic recreation, 4.6 ± 0.5; realism during anesthesia infiltration, 4.8 ± 0.4; realism during lesion removal, 2.8 ± 0.4; realism during surgical wound closure, 1.2 ± 0.4. The score in this last section could be improved if a more elastic skin-colored filament were found on the market.
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1. Introduction


Additive manufacturing is a manufacturing process by which parts are generated directly from a three-dimensional (3D) model, usually using a single machine (3D printer). These 3D printers manufacture the part layer by layer, using a raw material (resin, powder, filament) and an energy source [1]. The fused deposition modeling (FDM) 3D printing technique is used in different sectors [2]: automotive, aeronautics, medicine, architecture, or art.



There are several 3D printing techniques [3]: stereolithography (SLA), polyjet (PJ), selective laser sintering (SLS), and binder jetting (BJ). However, the most commonly used technique today is the fused deposition modeling (FDM) technique [4,5,6,7]. This technique has several advantages [8]: machines and filaments have low costs; it is easy to find information on the internet about this technique; the learning curve is short; and there is a large catalog of filaments available on the market, with multiple qualities and applications [9].



This paper focuses on the use of 3D printing in primary care centers. For years, the FDM technique has been used at the hospital level in different services and areas, with different objectives [10,11]: (i) to train students and residents during their training period [12,13,14]; (ii) to explain the interventions to patients before the operation [15,16]; (iii) to prepare the intervention, when it is complex [17,18]; (iv) to manufacture custom prostheses [6], among other uses. Despite the increasing use of 3D printing in hospitals [19], the authors have not found any work related to the use of 3D printing in primary care. In the present work, we propose the use of 3D printing to train general practitioners in minor surgery.



In Spain, with the development of primary care, the competencies of general practitioners (GPs) have been expanded with the aim of increasing the efficiency of the health system [20]. As in other European countries, the development of one of these competencies led to the creation of minor surgery programs in health centers [21]. In them, interventions for common lesions (dermal nevus, seborrheic keratosis, or epidermal cyst) are carried out [22].



GPs should learn these skills during their resident internal doctor-training period. However, due to the shortage of skilled adjunct professionals, practical training in this field is not adequate [23]. To make up for this lack, GPs interested in developing these aspects of their professional competence have to be trained through specific courses [24].



In minor surgery courses, the different phases of an intervention are taught [25]: (i) infiltration of anesthesia at the local level, (ii) removal of the lesion, and (iii) closure of the surgical wound. There are training models on the market that allow some of these phases to be practiced; however, these models have several handicaps: they do not have all the typical lesions in minor surgery, they do not faithfully reproduce the lesions of minor surgery, and they have a high cost. For these reasons, courses traditionally use pig’s feet, chicken thighs or bacon to practice the removal of figured lesions and suturing of wounds.



The purpose of this project is to design, manufacture (via the FDM 3D printing technique), and evaluate models for minor surgery courses in primary care centers. For this purpose, the most common lesions in minor surgery have been selected and modeled in 3D. These models have been manufactured using a double extruder printer, equipped with flexible filament. The models thus manufactured have been evaluated by a panel of experts in minor surgery. In addition, the models have been uploaded to an open standard tessellation (STL) file-exchange platform so that they can be used or improved by any interested person.




2. Materials and Methods


The methodology followed during this work has been the following (Figure 1): (i) in a first phase, it was decided which lesions were going to be modeled, the photographs to be taken as reference were selected, and some preliminary sketches were elaborated; (ii) then, the different lesions were modeled, using a parametric software of 3D design; (iii) the third phase consisted of importing the STL file from the slicing software, and selecting the print parameters necessary to generate the corresponding numerical control program; (iv) the different lesions were then printed; (v) once manufactured, the models were evaluated by a panel of experts; (vi) finally, the models were uploaded to an STL file-exchange platform.



2.1. Initial Stage


The first stage of the work corresponds to a series of meetings of the research team. The first decision made during this stage was which lesions were to be modeled (Figure 2): seborrheic keratosis, epidermal cyst, dermal nevus, and ingrown toenail. These lesions were chosen because they are the most frequently occurring in minor surgery patients.



During this stage, sketches of the lesions were drawn. In addition, important decisions were reached about the size of the models, the most suitable position for printing, the entities that make up the model, and use of the different materials or densities needed. These decisions are important as they have a direct impact on the manufacturing process (Table 1) [26]. At this stage, it was also agreed to fix the models to the table, so that they are firmly tied to the table during the intervention simulations.




2.2. 3D Modeling


From photographs (Figure 2), and from the sketches created in the previous stage (Figure 3a), 3D models of the lesions were made. The parametric software SolidWorks [27] was used for this purpose (Figure 3b). Once the lesion was modeled, the file was exported in STL standard, which is the format accepted by the slicing software.



The models corresponding to the dermal nevus, seborrheic keratosis and epidermal cyst were modeled with dimensions of 80 × 60 × 6 mm3. The model to reproduce the ingrown toenail was modeled to a realistic size.




2.3. Slicing


A numerical control (NC) code, which tells 3D printers what to do at any given moment, was needed. These NC codes are generated by slicing software from the STL files (Figure 3c). The 3D printer used in this work has been manufactured by FlashForge [28]. This company has developed its own slicing software for its 3D printers called FlashPrint [29]. In this software, it is necessary to indicate which material is going to be used, and which values for printing parameters are going to be selected [8]: extrusion temperature, layer height, print speed, among others. The values used in the present work are shown in Table 2.




2.4. 3D Printing


A FlashForge Creator Pro printer was used for the printing process. This machine has a hot bed (dimensions 225 x 125 mm2) and is equipped with two extruders (Figure 4). Several filaments have been used to print the models: a skin-resembling thermoplastic elastomer (TPE), Recreus brand (for the skin); a skin-resembling TPE, Tianse brand (for the inner sphere of the epidermal cyst and the nail); and a black TPE, Smart Materials 3D (for the seborrheic keratosis, Figure 3d).




2.5. Assessment


Once the models were printed, they underwent evaluation by a panel made up of five experts in minor surgery. The members of the evaluation panel are general practitioners, who work in rural primary care centers belonging to the Andalusian Health Service, and who each have more than 15 years of experience. These general practitioners perform interventions at least once a week.



It is difficult to find general practitioners who are experts in minor surgery. Although the number of experts may seem insufficient, according to [30] the results obtained with the use of a panel of five experts are adequate.



Each expert performed an operation simulation using each of the models. Subsequently, the experts filled out a survey, wherein they were asked their opinion on four main aspects of realism in the training models: aesthetics, infiltration of the anesthesia, removal of the lesion, and closure of the surgical wound. In this survey, the Likert 5-point scale was used (1—very disagreeable; 5—very agreeable). For additional information, the experts wrote a paragraph in relation to each of the aspects evaluated.




2.6. Sharing the Models


After the evaluation, the STL models were uploaded to Thingiverse [31]. Thingiverse is a repository for sharing 3D pieces. The idea is to share the designs developed during this project through creative commons license, so that anyone interested in performing practice in minor surgery can print them at home or at a primary care center.





3. Results


In the present work, models that reproduce lesions typical of minor surgery were designed and manufactured using 3D printing in order to train GPs in practical courses in this discipline. Once printed, the models were evaluated by a panel of experts. The aspects evaluated were: the aesthetic recreation of the models, realism during the infiltration of the anesthesia, realism in the removal of the lesion, and realism during the closure of the surgical wound. After the evaluation, the models were uploaded to Thingiverse [31] so that they can be used by any interested user (Figure 5).



3.1. Aesthetic Recreation Level


The score obtained by the models in this aspect was 4.6 ± 0.5. The panel of experts agreed that the models realistically recreate the most common injuries in minor surgery (Figure 6). One of the experts especially valued the effort made, as he said that the work is not easy. Another expert confessed that this work opens a very hopeful door to the teaching of minor surgery, which is as important as it is unknown to most GPs working in the field of primary care.




3.2. Realism During Anesthesia Infiltration


The score obtained by the models in this aspect was 4.8 ± 0.4. On this issue, the panel of experts agreed that the feel of the infiltration realistic (Figure 7a,b); it is especially realistic in the lesion of seborrheic keratosis and in the toe. One of the experts indicated that an improvement of the models would involve the possibility of injecting water with red dye to simulate blood, if not in the entire model, then at least around the lesion. In the case of the toe, a rigid tube could be added in the center to simulate the bone and a small ‘pipe’ on both sides to simulate the blood vessels.




3.3. Realism During Removal of the Lesion


The score obtained by the models in this aspect was 2.8 ± 0.4. In this third question, the panel of experts agreed again: in general, the sense of touch is not very similar to reality (Figure 7c). The material used is harder than human skin. There is even the risk of cutting yourself with the scalpel. One of the experts recommended using a material like silicone.



On the other hand, in the lesion of the cyst, the ‘skin’ should completely cover the cyst capsule. It is necessary to paint it to delimit the lesion and it is also necessary to have superficial material so that once the capsule has been removed, the skin can be sutured (bringing the edges of the wound closer together).




3.4. Realism During Surgical Wound Closure


The score obtained by the models in this aspect was 1.2 ± 0.4. In the case of seborrheic keratosis and fibroepithelioma, the wound would not be sutured but cauterized with the electric scalpel (Figure 7d). In the case of the cyst and toe, the silk suture would be used. However, the material is too hard, and the suture is very difficult to perform. The toe and nail do not reproduce the lesion well, so their intervention is not viable. The nail should be a thinner sheet and in the proximal part should be included ‘inside the skin’.




3.5. Cost of Models


The technology of fused filament deposition modeling has a low cost: printers are becoming cheaper and have a low electrical consumption; on the other hand, filaments cost between 25 and 60 euros/kilo, depending on the type of material.



From the data shown in Table 3, the cost of the different models manufactured has been calculated (Table 4). The price of labor has not been included in this calculation, as it is understood that the supervision of a printer could be carried out by resident internal doctors as part of their training. The price of each model is around 6 Euros (the ingrown toenail is cheaper because it has less material). The cost of a commercial training model is 38 Euros.





4. Discussion


In this work, 3D models that reproduce the most frequent lesions in minor surgery have been modeled, manufactured and evaluated. These models are representative of realistic lesions, since they are intended to be used to train GPs in primary care centers.



Manufactured training models cost less than commercial ones and faithfully reproduce injuries and lesions. In addition, they have been developed under an open-source license, so that anyone interested can download and print them from their home or primary care center.



The models have been evaluated by a panel of experts in minor surgery. Four aspects were assessed: the level of aesthetic recreation, realism during infiltration of the anesthesia, realism during removal of the lesion, and realism during closure of the surgical wound.



The panel of experts valued the level of recreation of the lesions positively, as well as the realism during the infiltration of the anesthesia. The removal of the lesion is more laborious than in real interventions, due to the density selected as the printing parameter and the qualities of the material used. It is not possible to close the surgical wound because the material is not elastic enough.



From the results obtained, the following statements can be made:




	
Primary care centers can now access 3D printing. In hospitals, 3D-printed models have been used for several years to train surgeons [11,19]. Waran et al. [17] have found that the use of training models manufactured using 3D printing increases the success rate in major surgery operations and reduces the time spent on each intervention. Driven by this reality, the authors propose the use of this methodology in primary care centers, to carry out practical courses that serve to initiate GPs in minor surgery.



	
The cost of the proposed models is low. FDM 3D printing allows healthcare resources to be manufactured at a low cost [32]. The training models proposed in this work have a cost of 6 Euros, compared to 38 Euros for commercial training models. This detail is important in a public health system such as the Spanish one, or in developing countries [33]. In addition, the proposed process allows a user to customize the models, and to manufacture those that have interest in each geographic point [34].



	
The proposed models have a high level of aesthetic recreation. In major surgery, when lesions have some complexity, images taken by computed tomography (CT) and magnetic resonance imaging (MRI) are used to model the lesion in 3D [35]. In this case, the models have been performed in parametric design software from photographs and drawings made by one of the authors, an expert in minor surgery. However, the panel of experts have positively assessed the level of aesthetic recreation in the models.



	
The models have been shared on Thingiverse. In the ‘maker’ world it is common to share designed models. This is one of the main attractions of 3D printing. Thingiverse is a widely used platform for sharing general models, although there are specific platforms for biomedical models, such as one developed by the National Institutes of Health of United States (NIH 3D) [36].



	
FDM 3D printing technology is suitable for this purpose. There are 3D printing technologies that can print models of great complexity [37], although their cost cannot be borne by a primary care center. In the present work, the use of FDM technology has been proposed, which is the cheapest technology, and which provides a surface finish suitable for the intended use.



	
The filament used is not elastic enough and it is not possible to close the surgical wound. It is necessary to look in the market for more elastic filaments that are available in skin color to overcome this handicap.









5. Conclusions


The present work proposes the use of the FDM technique of 3D printing to manufacture models of typical lesions in minor surgery. It is intended to use these models to train general practitioners in primary care centers. The models have been manufactured and evaluated by a panel of experts. The models have been approved in three of the four categories evaluated. In addition, the models have been uploaded to Thingiverse for anyone to download and use.
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Figure 1. Diagram summarizing graphically the stages followed during the execution of the work: initial phase, where the sketches of the models were generated; the 3D modeling of the different models; slicing of the models and configuration of the 3D printer; the 3D printing of the models and post-processing tasks; evaluation of the models; uploading of the standard tessellation (STL) files to Thingiverse. 
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Figure 2. Images of the most common lesions in the minor surgery practice: dermal nevus (a); seborrheic keratosis (b); epidermal cyst (c); ingrown toenail (d). 
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Figure 3. Modeling and manufacturing of the seborrheic keratosis training model: draft developed in initial stage (a); the 3D model generated by SolidWorks software (b); the imported model in FlashPrint slicing software (c); the 3D printed lesion (d). 






Figure 3. Modeling and manufacturing of the seborrheic keratosis training model: draft developed in initial stage (a); the 3D model generated by SolidWorks software (b); the imported model in FlashPrint slicing software (c); the 3D printed lesion (d).



[image: Applsci 09 05212 g003]







[image: Applsci 09 05212 g004 550] 





Figure 4. FlashForge Creator Pro 3D printer used in the project (left); rear of the printer, with two bobbins of skin-resembling thermoplastic elastomer (TPE) filament (right). 
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Figure 5. User web page created in Thingiverse to upload the models of minor surgery injuries. Any interested user can download these standard tessellation (STL) models for free and print them in their home or primary care center. 
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Figure 6. Models of minor surgical lesions: dermal nevus (a); seborrheic keratosis (b); epidermal cyst (c); ingrown toenail (d). 
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Figure 7. Stages of the intervention performed on the dermal nevus model: preparation of the necessary material (a); infiltration of the anesthesia (b); removal of the lesion (c); outcome (d). 
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Table 1. Relationship between initial decisions and the designing and manufacturing process.






Table 1. Relationship between initial decisions and the designing and manufacturing process.





	Initial Decisions
	Have Influence on





	Size
	Print time



	Print position
	Possibility of printing

Surface roughness



	Entities that make up the model
	Procedure to model the lesion in 3D



	Combination of materials
	Using the two 3D printer extruders



	Print density
	Flexibility of the model

Print time



	Pattern
	Flexibility of the model
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Table 2. Parameter values used during printing.
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	Print Parameter
	Value





	Extrusion Temperature
	225 °C



	Bed Temperature
	50 °C



	Layer Height
	0.18 mm



	First-Level Layer Height
	0.27 mm



	Retraction Length
	3.7 mm



	Fill Density
	90%



	Fill Pattern
	Hexagon
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Table 3. Parameter values used during costing.
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	Parameter
	Value





	Cost of plastic (€/kg)
	60



	Cost of electrical energy (€/kWh)
	0.15



	3D Printer power (kW)
	0.500



	Cost of the 3D printer (€)
	599



	Amortization period (years)
	1



	Days active per year
	250



	Hours per day (h)
	8



	Failure rate (%)
	5
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Table 4. Cost of printing the training models manufactured (not including the cost of labor, as the printing could be supervised by internal doctors’ residents as part of their training process).
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	Parameter
	Dermal Nevus
	Seborrheic Keratosis
	Epidermal Cyst
	Ingrown Nail





	Workpiece mass (kg)
	0.06
	0.05
	0.06
	0.01



	Printing time (h)
	5.9
	5.80
	6.00
	2.01



	Cost of plastic material (€)
	3.61
	3.10
	3.61
	0.98



	Cost of electricity (€)
	0.44
	0.44
	0.45
	0.15



	Equipment amortization cost (€)
	1.77
	1.74
	1.80
	0.60



	Cost of failures (€)
	0.29
	0.26
	0.29
	0.09



	Total (€)
	6.11
	5.53
	6.15
	1.81
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