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Abstract 

Objective: Appropriate wound debridement plays a key role in wound management and healing. In 

this study, we developed and evaluated a novel clinic-related in-vitro test system for detailed analysis 

of mechanical wound debridement procedures. The acquired knowledge can be used to improve 

existing products and processes, or to develop completely new ones. 

Approach: The application-oriented in-vitro simulation system for wound debridement comprises 

debridement process tracking and a robotic debridement simulation device together with artificial 

wounds. 

Results: Wound debridement movements, number of movement cycles, velocities as well as contact 

forces of medical experts were recorded in real-time by the debridement tracking device and 

reproduced with the robotic system. Mechanical debridement products were tested on developed 

artificial wounds and evaluated regarding certain parameters such as efficacy of wound debridement 

and product uptake. Reproducibility and statistically significance of obtained in-vitro results verified 

the functionality and suitability of our system. 

Innovation: The system represents an innovative and objective tool for a variety of product and 

process analysis in an application-oriented test arrangement, and challenges traditional assumptions 

that exclude real-time individuality. Obtained data can be used for optimization of wound 

debridement strategies.  

Conclusion: The semi-automated robotic system allows an effective learning process, from real-time 

tracking to in-vitro testing and finally back to real-time application. This new approach provides a 

strong link between in-vitro analysis and clinical applications. 
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Introduction 

    Wound debridement plays a key role in the management and healing of wounds. The debridement 

process involves the removal of contaminated, adherent, or necrotic tissue impeding the natural 

healing process of the wound 1. A lack of appropriate wound treatment may result in inflammation 

and bacterial colonization 2. The debridement procedure as well as suitable debridement products 

must be selected considering the individual wound conditions. The result of debridement is strongly 

related to product properties combined with application skills and experience of the user. 

    Due to the high variability of wounds 3, it is a challenge to provide and reproduce defined conditions 

in order to test wound debridement strategies in a systematic and comparable way. Apart from 

classical debridement basic products and procedures, the medical personnel usually deploy some 

preferred products 4 and carries out individual procedure variants. As Gillespie et al. (2014) showed in 

a study, wound management decisions in daily clinical work tend to be practice-based and strongly 

intuitive 5. 

    A quite simple form of a semi-automated in-vitro test setup to analyze wound debridement 

performance was published by University Medical Center Jena and Lohmann & Rauscher 6, 7, 8, 9, 10. This 

setup consists of a one-dimensional motor-driven device together with an inserted glass plate covered 

with a protein-containing mixture as wound simulation. It allows the simulation of a simple, linear 

debridement process with a mechanical debridement product under a defined contact force, realized 

by using a weight. Further linear debridement test setups were published by Wilkinson et al. (2016) 11 

and Gafford et al. (2016) 12. 

    A small robot arm for debridement tests, executing simple, two-dimensional patterns on structured 

plates, was published by Igwebuike and Hoeier Nielsen in 2019 13 . Another robot arm-based 

application targeting wound treatment was presented in the publication from Karnam and Asokan 

(2013) 14 . The proposed system is based on an image processing component that identifies the 
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location and critical parameters of the wound, and a robotic arm for mechanically treating the wound. 

Schoeb et al. (2018) published a robot-based application of wound debridement simulation, deploying 

a robot arm with nine degrees of freedom 15. In 2019, Schlenk et al. demonstrated a robotic waterjet 

system suitable for wound debridement applications 16. A wound debriding and medicine application 

robot is also disclosed in patent CN109276801A, published in 2019 17. 

    An open issue with these existing systems is the lacking connection between clinical applications 

and in-vitro testing. To solve this problem, we developed a system fulfilling all necessary requirements, 

including a tracking device to record real-time data, a robotic device for the execution of in-vitro 

debridement simulation as well as a series of artificial wounds.  

In this study, we evaluated the suitability of our semi-automated robotic system for detailed analysis 

of mechanical wound debridement procedures with the aim of both improving already existing 

products and processes as well as developing completely new ones. 
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Innovation 

    Traditional debridement analysis systems exclude the fact of real-time application individuality in 

the clinic. Our developed system includes tracking and integration of real clinical debridement 

characteristics (Fig 1), thus providing a strong link to clinical applications. It enables reproducible, valid 

comparisons of products and processes, opening the possibility to develop target-oriented treatments 

for different wound conditions. In its entirety, the system could serve as the basis for prospective test 

standards. Due to the unique combination of real-time procedures and in-vitro analysis, the new 

approach offers great advantages for patients, users, and companies in the field of medical 

consumables and beyond.   

 

Figure 1. Innovation process. The semi-automatic robot system comprises a repeating input-output process. 

Inputs are generated by real-time tracking of debridement procedures simulated by wound care professionals. 

The recorded data are technically processed to feed the debridement parameters into the robot, which 

reproduces them. After execution of the debridement process by the robot on simulated wounds, the obtained 

output is evaluated. Clinical wound debridement processes can be optimized based on the acquired knowledge.  
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Clinical Problem Addressed 

    Wound debridement processes are characterized by different parameters, such as velocity, 

movement pattern or contact force. The variability of these parameters during debridement processes 

leads to a high degree of individuality in real-time applications. In order to apply and combine the 

parameters as efficiently as possible, it is necessary to simulate the individual real-time parameters 

within in-vitro tests to learn about their mode of action and influence. Furthermore, it is essential to 

know the functionality of debridement products in detail, to tune their properties and thus achieve 

maximum efficacy in treatment. Our in-vitro test system offers the possibility to simulate defined 

debridement and wound conditions, thus allowing detailed analysis of mechanical debridement 

processes and products in a valid, reproducible way. 
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Material and Methods 

    The application-oriented robotic wound debridement simulation system consists of the 

debridement procedure tracking device named “DebriTrack” and the robotic debridement simulation 

device “DebriSim”. The debridement performance is evaluated on artificial wounds examining 

parameters such as efficacy of wound debridement and product uptake. 

 

Debridement parameter acquisition with „DebriTrack“ 

    To replicate wound debridement processes as closely as possible, relevant parameters are acquired 

and subsequently transferred to the robot with our developed tracking device DebriTrack. The device 

represents a simplified wound and offers the possibility to measure and display real-time user 

movement patterns, velocities and contact forces during simulated wound debridement procedures 

(Fig 2, Mov S1).  

    Data are recorded, processed, and displayed on a tablet PC (Microsoft Surface Pro 5; Microsoft Corp., 

US) using a software application created with the LabVIEWTM (National Instruments Corp., US) 

development environment. Debridement force is measured by four force gauges (TE Connectivity Ltd., 

CHE) integrated in a sensing platform, which is placed beneath the tablet PC and connected via USB. 

Debridement products are made locally conductive to record the movement pattern on the capacitive 

screen of the tablet PC. For this purpose, a conductive mesh (NASAFES®, US) was integrated into the 

fabric structure (Fig 2). The simplified representation of a wound area, visualized in red, corresponds 

to the wound models to be inserted into the DebriSim robot. DebriTrack registers the movements 

during debridement on the touchscreen and records timestamps, positions, contact pressures and 

velocities. Afterwards, the captured debridement procedure parameters can be replayed on 

DebriTrack in an itemized form, serving for subsequent visual analysis and comparisons of different 
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debridement sessions. The tracked debridement data sets can be modified and exported to be used 

either for execution on DebriSim or for external data analysis.   

 

Figure 2. DebriTrack. The device includes  a force sensing platform (not shown here), a test surface 

depicting a virtual wound and modified debridement test products, equipped with a conductive 

mesh (front and back side shown). The force sensing platform and the tablet PC are connected via 

USB.  
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Debridement simulation device „DebriSim“ 

    The core component of DebriSim (Fig 3, Mov S2) is a tabletop robot model IAI TTA-C (IAI 

Industrieroboter GmbH, GER) that can perform movements along the x-, y- and z-axis. The range of 

velocity is defined to be 20 – 160 mm/s. The vertical force that can be applied by the robot ranges 

from 5 to 19 kg (corresponding load). For lower loads (0.75 to 5 kg) a floating mass module was added 

to the robotic arm. The velocity and load ranges are based on clinical measurements. The robot 

memory is programmed with a set of movement parameters derived from clinical procedures (e.g., 

Fig 4 – Fig 6).  

 

    The robot is operated by a custom-made control panel. It allows the selection of various pre-

programmable debridement patterns, the control of loads and velocities, pattern repetitions as well 

as program initiation and termination. An implemented top-view digital camera (Canon GX5, Canon 

Inc., JP) is remotely controlled and automatically documents the debridement progress. In addition, a 

manual shutter release for the camera is implemented on the control panel to provide individual test 

documentation. An LED ring light can be used to ensure constant ambient lighting. 
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Figure 3. DebriSim. Schematic representation of the robot construction with inserted artificial 

wounds and an attached test sample on the gripper. 

 

    Various holders were developed enabling the attachment of different debridement products to the 

robot arm. The holders differ in their contact surface shape to simulate different product handling 

techniques. Products are fixed on the holder either by hook tape or by holding clamps. The standard 

holder is a 3D printed block of 80 x 80 mm size with rounded corners, equipped with hook tape 

(Velcro®, UK). 

    Before starting a test procedure, a corresponding artificial wound must be inserted into the robotic 

system. 
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Artificial wounds 

    The wound models consist of an acrylic base plate with a central circular area, structured by a laser 

cutter (VersaLASER VLS3.50; Universal Laser Systems GmbH, AT), to ensure adequate adhesion of our 

developed wound fluid or coating simulations. 

    The size of treated wounds is an important factor for the wound debridement process. Sizes of the 

simulated wound areas determined in an internal survey among Lohmann & Rauscher customers 

(2013) reach from wound areas smaller than 25 cm² (19 % of the wounds) to wound areas bigger than 

225 cm² (32 % of the wounds), with most wounds (49 %) between these borders.  

    To simulate different wound sizes, we designed two wound dimensions: models with a plate size of 

80 x 80 mm, displaying a circular wound of 60 mm diameter (≙ 28 cm² wound area), and models with 

a plate size of 150 x 150 mm with a wound diameter of 120 mm (≙ 113 cm² wound area).  

    Finally, our developed simulations of exudate, fibrin coatings, burns and necroses, which are 

described in the results chapter, must be applied on the circular wound area. On the small wound 

models 4 ml of simulation must be applied and on the large wound models 16 ml.  
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Results 

 

Determination and reproduction of real-time debridement movement patterns 

 

Recording of debridement patterns performed by wound care professionals 

Compactness and transportability of the DebriTrack enables uncomplicated collection of real-time 

application data. We recorded a series of wound debridement patterns at the Leg Ulcer Clinic - Day 

Hospital, Deeside Community Hospital in Wales, UK (example shown in Fig 4).  

 

  

Figure 4. Sample of a hypocycloid movement pattern from a real-time recording created by a 

medical wound manager. Red circle = wound area, black line = recorded track (center of the 

debridement product served as contact area)  
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Mathematical translation to robot compatible data sets 

    Based on individual working preferences of test persons, we tracked various debridement patterns. 

The tracked patterns revealed regularities.  

    An in-depth visual analysis of recorded patterns made it possible to trace them back to a series of 

simplified mathematical patterns. A frequently observed movement pattern resembled a rosette, or, 

from a mathematical point of view, hypocycloids (Fig 4). The movement of a point on the rolling circle 

can be described by the following parametric equations (Fig 5): 

 

𝑥(𝑡) = (𝑅 − 𝑟) cos (
𝑟

𝑅
𝑡) + 𝑟𝑝 cos ((1 −

𝑟

𝑅
) 𝑡) ,   𝑦(𝑡) = (𝑅 − 𝑟) sin(

𝑟

𝑅
𝑡) − 𝑟𝑝 sin((1 −

𝑟

𝑅
)𝑡) 

(1) 

 

  

Figure 5. Graphical illustration for the generation of a hypocycloid for point P . 
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    Using these equations discrete points were calculated and loaded into the robot controller memory. 

Fig 6 shows one of the resulting cycloids: 

  

 

  

Figure 6. Example plot of calculated discrete position points used to program the robot . Axis values 

in millimeters; grey marks the area covered by the used debridement product . 
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Determination of real-time debridement forces  

    To investigate contact forces applied during debridement processes, physicians with professional 

experience in wound care were included in an exemplary analysis. They were given the task to imitate 

real mechanical wound debridement processes on a scale, either directly via DebriTrack or, in the high 

weight range, on a common scale. The measurements revealed a wide load range. Low forces are 

preferred in order to perform the treatment as gently and painless as possible. These can be sufficient 

for the removal of exudate or fibrin. High loads, with peak values in the double-digit kilogram range, 

become necessary for effective debridement of burns and necroses. To cover necessary debridement 

forces for the entire spectrum of wounds, the system was designed for a load range between 0.75 kg 

and 19 kg. 

 

Replication of real wound fluids and coatings 

    Simulations of exudate, fibrin coatings, burns and necroses, representing the physical behavior of 

real wounds, were developed in our laboratories. Their comparability with reality in terms of physical 

properties was examined by experienced clinicians.  

    Various formulations were developed to simulate different wound exudate phases of infection and 

healing, ranging from serous to viscous. To reproduce serous exudates, a water-based 10 % egg white 

powder protein solution was developed. For the simulation of transitional exudate forms, the viscosity 

of the solution can be increased in stages by raising protein content (from 20 % egg white powder to 

24 % egg white powder plus 10 % milk powder). To achieve an even more viscous stage, fatty additives 

(2 %), like beef fat powder, can be added. Furthermore, fibrinous exudate is simulated by adding solids, 

such as lipo-particles or wheat bran (2.4 %).  

    Fibrin coatings can be simulated by using gelatin (for jelly-like properties) and collagen (for grip to 

the surface and viscosity) in different proportions (3:4, 1:1, or 4:3), leading to diverse physical 
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properties. Additives, such as transglutaminase (for structural binding), can be added to gelatin and 

collagen (1:1:2) for adjustment of the physical properties. Ingredients are dissolved in water (gelatin 

to water 1:4, collagen to water 3:4, transglutaminase to water 2.5:10) and mixed on a heat plate at 

50 °C. For all described mixtures, Ringer's solution can be used as an alternative to water. Duration of 

drying time determines the hardness of coatings. 

    Burns and necroses can be simulated by a mixture of paraffin (for waxy structure) and cellulose (to 

loosen up the structure). The proportions of the two components determine the properties (4.3:1; 

5.4:1, or 7.2:1). To facilitate visualization and presentation for documentation purposes, all 

formulations can be dyed red using a colorant (Ponceau 4R, 0.05%). 

 

Application of the semi-automated robotic system 

    To verify our test system in its entirety, test series were performed (Fig S1 – S4). A selection of 

velocities and contact forces were applied with a hypocycloid movement (Fig 6) based on clinical 

records (Fig 4). A commercial fiber debridement product was used for debriding the artificial wounds. 

Efficacy of wound debridement and product uptake was analyzed. 

    The test execution worked correctly from the technical point of view. Data analysis was performed 

via weight measurements of simulated wounds and debridement products before and after the 

simulated debridement process (Fig S1 – S4) using statistics software R (R Core Team/AT, Version 3.6.2) 

18, 19.  

    Adjusting parameters such as contact force (Fig S1 – S2) or velocity (Fig S3 – S4) resulted in 

significantly different data. Obtained data showed a low coefficient of variation as well as a low 

standard deviation. Images taken before and after debridement support the data visually. Images of 

the individual debridement steps (data not shown here) as well as overview images were taken (Fig 

7). Results are consistent within multiple test series (data not shown here), which proves 



Publication 

Debridement 2.0 

 
 

 

Dateiname Version Datum Status Vorlage Seite 

Publication DebriSim_V1.docx 1 30.01.2023 Gültig FO_002 V3 17 / 26 

 

reproducibility. Electronic notebook platform was not used. Data are currently not publicly available 

or accessible. 

 

 

Figure 7. Visualized results (overview image): wound plates with serous exudate and fiber debridement 

products before (above images) and after (bottom images) debridement procedure. Analyzed under different 

DebriSim settings; 1.) 2,5 kg, 20 mm/s, hypocycloid movement, 1 cycle; 2.) 0,75 kg, 20 mm/s, hypocycloid 

movement, 1 cycle; 3.) 5 kg, 20 mm/s, hypocycloid movement, 1 cycle; 4.) 2,5 kg, 160 mm/s, hypocycloid 

movement, 1 cycle. 
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Discussion 

    The presented system enables a detailed analysis of mechanical debridement procedures and 

wound debridement products in a semi-automated, clinic-oriented, and reproducible way. Patients of 

all ages with both chronic and acute wounds can benefit from the enhanced wound debridement 

strategies provided by our approach. Optimized wound care leads to a higher quality of life by 

addressing problems such as intense pain, malodor, decreased mobility, long treatment times, and 

increased mortality. In addition, optimized wound management saves resources by reducing time-

consuming, costly, and waste generating treatment steps. 

 

    It is estimated that more than 13 million people in the world are affected by chronic wounds each 

year 20. Around half of chronic wounds treated with standard procedures fail to heal within one year 

21. Due to population ageing, the total number of affected people will increase further. It is forecasted 

that 20–60 million people worldwide will suffer from chronic skin wounds by 2026 22. According to a 

market analysis, the global wound debridement market size is anticipated to reach USD 6.97 billion by 

2025 23. Our test system can be used to develop and promote high-performance products that are 

essential to cover the future demand of wound treatment. With our setup technologies can be 

evaluated objectively and products on the marked become comparable. 

 

    Combining “DebriTrack” (Fig 2, Mov S1) and “DebriSim” (Fig 3, Mov S2) allows for the first time to 

record real debridement patterns (e.g., Fig 4) and to teach the robot these sequences. Artificial 

wounds that simulate various wound characteristics complete our test system. Moreover, wound 

surrounding skin, including its physical properties, can be simulated as well (data not shown here). 

Wound models described in the past often exclusively simulate a healthy surface 24  or are not 

sufficiently realistic 25, 26. Biological wound models, e.g., based on pig skin 15 , have a short shelf life, 



Publication 

Debridement 2.0 

 
 

 

Dateiname Version Datum Status Vorlage Seite 

Publication DebriSim_V1.docx 1 30.01.2023 Gültig FO_002 V3 19 / 26 

 

are restricted to guidelines, and are subjected to natural variations that may result in low data 

reproducibility. We showed that the adjustment of parameters, such as contact force (Fig S1 – S2) or 

velocity (Fig S3 – S4), on DebriSim results in significant changes in debridement success. Low variation 

coefficient as well as low standard deviation of our obtained data indicate the reliability of our system, 

which allows reproducible tests to be performed. 

 

    Previous technical test systems were limited to simple movements and low loads 6, 7, 9, 10, 11, 12, 13. 

However, contact forces during real clinical debridement processes can reach high values. Also, the 

medical staff applies different and individually modified patterns for adequate wound debridement 

procedures (e.g., Fig 4; further data not shown here). Due to its flexible parameter settings, our robotic 

system can reflect the full range of realistic debridement parameters. Besides the possibility of 

procedure analysis in clinics, the robot also enables an assessment of wound treatment procedures 

recommended in training literature 27 , 28 . Obtained data supports the user to perform wound 

debridement in an advanced manner, tailored to individual wound situations. Wound management 

trainings based on our test system could be offered.  

 

    The closed loop between real-time applications and in-vitro analysis is the core element of our test 

system. It can be transferred to various application areas, such as tests of abrasion, adhesion, 

disinfection, peeling and fiber release. Moreover, cleaning proofs or analysis to prevent smearing of 

infectious wound fluids could be conducted. 

 

    Our test system has the potential to become an internationally renowned test standard, enabling 

reproducible multi-site investigations in a very short time. Expanded testing capabilities support 

scientific progress that may lead to new approaches revolutionizing modern wound debridement. 
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    Moreover, our robotic test system has the potential to replace a substantial part of extensive and 

expensive in-vivo studies, such as tests of product performance on humans 29 or animals. Animal 

testing is associated with high suffering and should be prevented wherever possible. It is important to 

note that for some scientific questions an in-vitro approach is even more suitable than an in-vivo test. 

This fact may lead to a paradigm shift in medical device testing 30.  

 

    In the future, real debridement application data can be continuously loaded into the robot's 

memory. To support and relieve medical staff, the robotic system could be further developed to 

perform optimized debridement procedures directly on the patient. This includes wound analysis by 

a specifically developed scanning system, followed by a debridement program tailored to the 

evaluated wound situation. Our models and test procedures will be continuously optimized, resulting 

in a circular improvement process (Fig 1). The constantly growing spectrum of analysis options for 

wound debridement products and processes enables continuous optimization of debridement 

procedures. In its entirety, our developed test system strongly supports the overall goal of clinical 

benefit.  
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Figure Legends 

Figure 1. Innovation process. The semi-automatic robot system comprises a repeating input-output process. 

Inputs are generated by real-time tracking of debridement procedures simulated by wound care professionals. 

The recorded data are technically processed to feed the debridement parameters into the robot, which 

reproduces them. After execution of the debridement process by the robot on simulated wounds, the obtained 

output is evaluated. Clinical wound debridement processes can be optimized based on the acquired knowledge.  

 

Figure 2. DebriTrack. The device includes  a force sensing platform (not shown here), a test surface 

depicting a virtual wound and modified debridement test products, equipped with a conductive 

mesh (front and back side shown). The force sensing platform and the tablet PC are connected via 

USB.  

 

Figure 3. DebriSim. Schematic representation of the robot construction with inserted artificial 

wounds and an attached test sample on the gripper. 

 

Figure 4. Sample of a hypocycloid movement pattern  from a real-time recording created by a 

medical wound manager. Red circle = wound area, black line = recorded track (center of the 

debridement product served as contact area)  

 

Figure 5. Graphical illustration for the generation of a hypocycloid for point P.  

 

Figure 6. Example plot of calculated discrete position points used to program the robot. Axis values 

in millimeters; grey marks the area covered by the used debridement product.  

 

Figure 7. Visualized results (overview image): wound plates with serous exudate and fiber debridement 

products before (above images) and after (bottom images) debridement procedure. Analyzed under different 
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DebriSim settings; 1.) 2,5 kg, 20 mm/s, hypocycloid movement, 1 cycle; 2.) 0,75 kg, 20 mm/s, hypocycloid 

movement, 1 cycle; 3.) 5 kg, 20 mm/s, hypocycloid movement, 1 cycle; 4.) 2,5 kg, 160 mm/s, hypocycloid 

movement, 1 cycle. 

 

Figure S1. Wound debridement efficacy of fiber debridement products under different weight 

settings. Serous exudate simulation on large wound plates (base plate = 150 x 150 mm, circular 

diameter of simulated wound area = 120 mm) was used to mimic the wound situation (environmental 

conditions: 21.5 °C, 42,8 % RH). For data analysis, wound plates were weighted before and after 

simulated debridement procedure with DebriSim. Parameter settings were either 0.75 kg, 2.5 kg or 

5 kg paired with 20 mm/s, applying a hypocycloid movement without repetition. Statistical analysis 

was performed using R (version 3.6.2) 18, 19. F-Test was used to analyze the equality of the variances 

between the groups together with t -test to compare the means of the groups. P values < 0,05 were 

considered significant (*), < 0,05 very significant (**) and < 0,05 highly significant (***). All data are 

presented as mean ± standard deviation.  

 

Figure S2. Product uptake of fiber debridement products under different weight setting s. Serous 

exudate simulation on large wound plates (base plate = 150 x 150 mm, circular diameter of simulated 

wound area = 120 mm) was used to mimic the wound situation (environmental conditions: 21.5 °C, 

42,8 % RH). For data analysis, products were weighted before and after simulated debridement 

procedure with DebriSim. Parameter settings were either 0.75 kg, 2.5 kg or 5 kg paired with 20 mm/s , 

applying a hypocycloid movement without repetition. Statistical analysis was performed using R 

(version 3.6.2) 18, 19. F-Test was used to analyze the equality of the variances between the groups 

together with t-test to compare the means of the groups. P values < 0,05 were considered significant 

(*), < 0,05 very significant (**) and < 0,05 highly significant (***). All data are presented as mean ± 

standard deviation. 
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Figure S3. Wound debridement efficacy of fiber debridement products under different velocity 

settings. Serous exudate simulation on large wound plates (base plate = 150 x 150 mm, circular 

diameter of simulated wound area = 120 mm) was used to mimic the wound situation (environmental 

conditions: 21.5 °C, 42,8 % RH). For data analysis, wound plates were weighted before and after 

simulated debridement procedure with DebriSim. Parameter settings were either 20 mm/s or 160 

mm/s paired with 2.5 kg, applying a hypocycloid movement without repetition. Statistical analysis 

was performed using R (version 3.6.2) 18, 19. F-Test was used to analyze the equality of the variances 

between the groups together with t -test to compare the means of the groups. P values < 0,05 were 

considered significant (*), < 0,05 very significant (**)  and < 0,05 highly significant (***). All data are 

presented as mean ± standard deviation. 

 

Figure S4. Product uptake of fiber debridement products under different velocity settings. Serous 

exudate simulation on large wound plates (base plate = 150 x 150 mm, circular diameter of simulated 

wound area = 120 mm) was used to mimic the wound situation (environmental conditions: 21.5 °C, 

42,8 % RH). For data analysis, products were weighted before and after simulated debridement 

procedure with DebriSim. Parameter settings were either 20 mm/s or 160 mm/s paired with 2.5 kg , 

applying a hypocycloid movement without repetition. Statistical analysis was performed using R 

(version 3.6.2) 18, 19. F-Test was used to analyze the equality of the variances between the groups 

together with t-test to compare the means of the groups. P values < 0,05 were considered significant 

(*), < 0,05 very significant (**) and < 0,05 highly significant (***). All data are presented as mean ± 

standard deviation. 


