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PREFACE 

 Instruments made of Stainless steel are usually believed to be extremely strong and perfect 
for usage to any amount of time. But the truth is that any material despite the robust nature 
and the wonderful technical properties and capacities can be negatively influenced by 
improper handling of the instrument, especially in connection with the cleaning, 
disinfection and sterilization. The need to measure the effectiveness of cleaning and biofilm 
repellence is very essential. Good efficient cleaning can only be ensured when the substrate 
permit proper wetting, spreading and adherence of the liquid on the surface. But for 
repellence, the solid should not encourage attachment of fluids to its surface.  And for this 
to occur, the surface must exhibit some wetting properties which is very necessary to 
investigate so as to enable basis for the design of such surfaces.  

The thesis entails the study of different specifications of stainless steel by taking 
measurements of the surface parameters as well as the contact angle measurements. Based 
on the result and findings obtained from the measurements, would correlate it to the 
wetting properties of the surfaces investigated to facilitate better surface control. The 
master’s project is in collaboration with Getinge Group AB, conducted at Halmstad 
University with the supervision of Dr Cecilia Anderberg and Prof. BG Rosén. 

The report consists of various sections like the literature review, the method employed and 
alternative methods, presentation of the experimental results and the conclusions based on 
the discussion and analysis. 

 

 

   Ugochi Chimezie                                                                               Akhila Srinivas Gurram 
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ABSTRACT 

Systematic pre cleaning, disinfection and sterilization of medical equipment used in 
examination and treatment of patients are very important for safe care of the patients and the 
staff handling these instruments. Due to the technical properties of stainless steel, its 
hygienic experience and the sophisticated look of the stainless steel, it has dominated the 
medical health care environments for decades. The wetting properties of stainless steel 
surfaces are presumed to be essential for the process of clean ability and for a wide variety 
of bio compatibility.  

In collaboration with the topical company for this thesis, the idea is to find the correlation 
between the surface properties of various stainless steel in relation to their wetting and 
spreading ability to enable efficient cleaning of the surface. For a substrate surface to be 
thoroughly cleaned of any debris or soil, it should be able to allow proper adherence of the 
liquid across its surface to a certain degree good enough to ensure good wettability of the 
surface and conversely easy and proper removal of any attached soil on the surface. Higher 
demand on cleaning, disinfection and sterilization processes became more and more pressing 
due the development of complex medical equipment. 

Different stainless steel (316L) surface finishes and some surgical equipment are 
investigated using the state of the equipment at Halmstad University. Using the imaging 
interferometer and mapping software, Mountain Map, the results obtained is controlled 
readings and classification of the various surface parameters. Contact angle measurements 
were carried out on each surface with three polar (Distilled water, Glycerol and Ethylene 
glycol) and one non polar (Olive Oil) probe liquids with a drop volume of 3µm using Theta 
Optical Tensiometer and One Attention Software for the analysis. The impact and 
correlations of the surface parameters on wettability was later compared from the 
measurements obtained. 
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1. INTRODUCTION 

Many autoclave manufacturing companies including Getinge infection control are 
currently longing for a method to measure biofilm, a self-repellence biofilm material and 
surfaces which at the same can be easily cleaned if contaminated. On-going researches 
are going on polymers and composites in search of an easy to clean and anti-bacterial 
material other than stainless steel which has dominated in the medical devices 
applications to ensure maximum safety needed in the hospital environment. Getinge 
already has started its first step by introducing Corian in the front panel which is a non-
porous and stain resistant. But due to the robust and hygienic experience of stainless steel, 
Getinge Infection Control better still are looking for the better surface material 
specifications that can meet up with the company needs.  

 Topography and surface chemistry determine the surface property. “Sa is considered as 
the surface texture property closely connected in the topical company standards to 
legislative demands on bacterial resistance, and clean ability” (Bergman et al, 2013; 
Bergman et al, 2014). Based on previous studies by (EU, report 2013) Sa value for a 
given surface < 0.8 on a stainless steel is considered ok in terms of cleanability.  Getinge 
existing surfaces and other surfaces and other surfaces is examined to obtain the most 
suitable surface properties for better cleanliness and hygienic properties. The results 
obtained will be a determinant in their choice of material surfaces. 

1.1 BACKGROUND 

Stainless steels are defined as Iron (Fe) based alloys containing at least 10.5% chromium 
(Cr), and a maximum of 1.2% carbon (C) (EN 10088-1: 2014). Currently, stainless steel 
has a broad range of applications which includes those where human health may be 
involved. Despite the application whatsoever, they are expected to be easy to clean.  
Compared with other materials, stainless steel surfaces have greater cleanability, lesser 
concentration of disinfection to achieve expected hygiene and conversely more 
environmental friendly due to reduction in effluent release (Ronner and Wong, 1993). 
Although, numerous studies have been done on stainless steel, but much work still need 
to be done on its surface properties to actually find out those properties which might in 
one way or the other have effect on the wetting and spreading ability. The wetting of solid 
substrate by liquid is a fundamental phenomenon related to many applications, including 
lubrication, coating, printing etc.   
 
The functionality of a tool depends critically on its surface finish (texture), most 
especially when they are designed for the production of surgical equipment and 
biomedical. Surfaces have basically important functional properties. The processes in 
which a material pass through during manufacturing determines its surface finish. 
Topography unavoidably has a major impact on the properties and qualities of many 
surfaces. “It appears to be correlation between the arithmetical mean height Sa-value and 
a cleaner surface (the cleaner surface the lower Sa-value). However, there are more 
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parameters in the ISO 25178:2011 and4287:1997 that could have an impact on the 
cleanability.” (Bergman et al, 2014). Contact angle measurement is one of the most 
efficient surface characterization techniques. It is a method to study how a liquid wets a 
solid. Getinge is actually looking for a surface finish which is self-repellence of biofilm 
and at the same time easy to clean. But currently the topical company (Getinge) is using 
316L stainless steel material on their autoclaves/sterilizers. In this study request for 
concentration on the different surface finishes of the material as well as some surgical 
equipment surfaces, to actually do a correlation study between the selected surfaces and 
to identify what surface properties is impacting wettability, hydrophilic/hydrophobicity. 
The main reason is to find a parameter(s) to specify the surfaces texture that would 
guarantee good cleanability. The result obtained would determine if they will change or 
maintain the present surface finish in 
use now. 

1.1.1 PRESENTATION OF CLIENT 

Getinge group is a world leading company in medical research, business supplying 
equipment for safe pharmaceutical and efficient health care. Getinge AB is a leading 
global provider of equipment and systems that contribute to quality enhancement and cost 
efficiency within health care and life science. Founded in Sweden in 1904.The group is 
made up of three business areas: Infection control, extended control and Medical systems. 
 
This thesis is incorporation with Getinge infection control business consisting of 
healthcare and life sciences. The entire group focuses on state-of –the-art medical 
technology. Globally, it is ranked as one of the leading producers of exterminators and 
autoclaves. Found all over the world with over 36 subsidiaries on six continents and over 
230 distributors and partners’ companies in sales and services representing Getinge 
Infection Control. 

1.2 AIM OF THE STUDY 

For a surface to be easy to clean there should be some parameters affecting the contact 
angle. Getinge has requested that a method should be established to evaluate those 
parameters by concentrating on the correlation between the surface parameter and the 
contact angle method that could lead to a better surface clean ability. The aim of the 
project is to develop a method to rank different surfaces of stainless steel 
hydrophilicity/hydrophobicity property using liquid water and three other liquids with 
known surface tension. And this will enable the design of medical equipment with high 
cleanability properties. 

1.2.1 PROBLEM DEFINITION 

In this thesis 4 different stainless steel surface textures and 5 surgical instruments will be 
investigated to establish method to evaluate and improve hygienic properties from the 
contact angle measurements on the same surfaces. This includes filtering, characterization 
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and appropriate selection of the surface parameters to analyze the measurements from the 
contact angle. How the surface specification affect cleanability is of paramount concern? 
Sa alone is not enough to determine the hygienic surfaces, what other surface parameters 
(features) are affecting contact angle wettability. 

1.3 LIMITATIONS 

The limitations in this project thus: 
• Investigate only stainless steel surface finishes 
• Only four probe liquids to be used 
• Static contact angle reading taken only due to incomplete apparatus to perform the 

dynamic measurements. 
• Concentration on wetting properties only 

1.4 INDIVIDUAL RESPONSIBILITY 

This thesis is carried out by two master’s students due to the work content. Considering 
the critical nature of the project, to gain more knowledge and for optimum result, it was 
deemed more beneficial to work together in each phase of the research, both in taking the 
readings, analysis and report writing. The thesis was supervised by both the academic 
supervisor from Halmstad University and from Getinge AB group. 

1.5 STUDY ENVIRONMENT 

An emerging need to develop a method to evaluate hygienic and easy to clean stainless 
steel surfaces to preserve the health of patients, the staff and work environment, has led to 
the development of this research study which was performed in collaboration with 
Getinge AB group at Halmstad University premises. Vibration and noise could affect the 
readings obtained from the measurements. Therefore, the Optical Interferometer and 
Optical Tensiometer equipment was carefully and securely installed in one of the 
laboratories that can be easily accessed by the research group in the University having in 
mind of all the likely external influence factors. 
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2. METHOD 

In this work, different method for contact angle measurements regarding cleanliness was 
analyzed through literature research of books, websites and published scientific articles. 
There are different methods established to measure contact angles. Neumann and Good 
(1997) have reviewed in details the classic techniques. The geometry (flat plate, fiber, 
powder etc.) of the solid plays a major role in determining which method to employ. 
Usually direct methods such as sessile drop and Captive bubble method are often used for 
flat surfaces. In order to determine the advancing and receding contact angles on flat 
(plate) surfaces and fibers, the Wilhelmy plate technique and the Wilhelmy gravitational 
method are used respectively. Wicking (column wicking and thin layer) method are used 
for powder.  Heat immersion/calorimetric technique can as well be applied to powder. In 
this study only techniques such as: captive bubble method; vibrations method; Wilhelmy 
plate method; pendant drop method and sessile drop method were investigated so as to 
choose the best method to be applied in this study. The sessile drop method measures the 
contact angle of a sessile static drop, and it is one of the commonly used methods 
(Marmur, 2009). 

2.1 ALTERNATIVE METHODS 

2.1.1 CAPTIVE BUBBLE METHOD: 

Unlike the sessile drop method where liquid is formed above the solid sample surface, an 
air bubble can be formed below the solid surface, which is immersed in the probe liquid 
known as the “Captive bubble method”. In this method, a little quantity of air about 
0.05ml is administered into the liquid of interest to form an air bubble beneath the solid 
surfaces. Just like the sessile drop method, the needle should remain in the bubble, to 
avoid disturbing the balancing of the advancing angle and as well maintaining the bubble 
from flowing over the solid surface should in case the plate is not completely flat (Yuan 
and Randall,2013). This method is particularly good for solids with high surface free 
energy on which liquids spreads out (Zhang et al., 1989). The main advantage of this 
method is that it reduces the effect of unexpected contamination (Adamson, 1990). 
Another advantage of this method is that the temperature can be easily monitored and 
controlled, conversely possible study of the temperature dependence of the contact angle. 
Again, it has the advantage of ensuring contact between the surfaces with a saturated 
atmosphere. The disadvantage is that there could be problem of swelling or dissolved film 
on the solid due to prolonged soaking of the solid in the testing liquid. Also, the method 
requires big quantity of liquid. (Biolin Scientific). Great affinity has been observed 
between sessile drop and captive bubble contact angle on clean smooth polymeric 
surfaces (Zhang et al., 1989). 
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Figure 1: Air bubble on contact lens surface (Biolin scientific) 

 

2.1.2 VIBRATIONS: 

A vibration method is an alternative approach to search for the apparent contact angle 
corresponding to the global energy minimum (GEM), which is the lowest energy out of 
all the possible metastable states (Meiron et al., 2004). The occurrence of ranges of 
apparent contact angles is usually the main difficulty in wettability characterization.  
Before measuring the contact angle, the sample is vibrated after the droplet has been 
applied to reach the GEM. By so doing, the droplet can easily find the most stable 
position to reach the most ideal contact angle. This can be achieved by monitoring the 
shape of the drop during and after a certain period of vibration until the most symmetric 
shape is reached, since most drops in the most stable state is axisymmetric (Noblin et al., 
2009). Or by taking the measurement of the same contact angle reached by applying 
vibrations from the advancing and the receding position after a drop is formed and 
relaxed.  In order to fully confirm the optimal vibrations conditions, the actual ranges for 
the system parameters (drop volume, vibration time, and frequency of vibrations and 
amplitude of vibrations) should be determined (Meiron et al., 2004). The method is 
commonly used on rough surfaces due to the ability to penetrate the grooves upon 
vibration. And Wenzel equation is used to calculate the contact angle if the drop is 
sufficient. The demerit of this method is that the systems parameters must be correct, and 
it is very hard to establish a GEM without having effect on the droplet shape.  The merit 
is that it is not easily affected by roughness of the surface. 

2.1.3  WILHELMY PLATE METHOD: 

The Wilhemy plate method is an indirect force method. It is mostly used for materials 
with a well- known length, in order to enable the possibility of calculating the contact 
angle from the measured capillary force. The change in a vertical plate when brought in 
contact with a liquid is detected by a balance. The technique in this method is based on 
the geometry of a fully wetted plate in contact with, but not submerged in the liquid. The 
advancing and the receding contact is gotten from immersion and emersion of the vertical 
plate while continuously measuring force it registers acting on the plate to calculate the 
surface tension as shown in the fig 2 below. The advantage of this method is that the 



6 
 

measured force at any given depth of immersion is automatically an averaged value. 
Again, the measuring angle is reduced to just the length and weight measurements usually 
of high accuracy. This method might not be easy to come about since the material/plate 
has to be uniform in order to get a valid value on the advancing contact angle. Sometimes, 
it is difficult to measure the perimeter and the wetted length.  It also requires sufficient 
volume of liquid which might lead to swelling of the material (Biolin Scientific 2014; 
Shang et al., 2008). 

 

Figure 2: A complete cycle for Wilhelmy measurement. [Biolin Scientific] 

  

2.1.4 PENDANT DROP METHOD: 

Pendant drop is one of the methods developed to determine the liquids surface tension 
and contact angle. The drop shape analysis can be used to measure surface and interfacial 
tension. The measurements are carried out on a liquid-liquid interface as well as on a 
liquid-vapor interface. The shape of a drop of liquid suspended from a syringe tip is 
determined from the forces which include the surface tension of the liquid. The surface 
tension can be measured based upon the Young- Laplace equation for any pendant drop 
where the densities of the two fluids in contact are known.  By using computer software, 
the necessary information is collected and analyzed. In terms of both ease and accuracy 
from the traditional method, this technique is a very important advancement. The 
advantage of this method is that it is able to use very small volume of liquid, measure 
very low interfacial tensions and can as well measure molten material quickly. The major 
drawback is that the densities of the liquids in question have to be proposed to the same 
level of accuracy expected for the surface tension data being measured. (Biolin Scientific 
2014; del Rio and Neumann 1977) 
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Figure 3: Pendant drop method [Biolin Scientific, 2014] 

2.1.5  SESSILE DROP METHOD (STATIC AND DYNAMIC): 

In sessile drop method liquid is formed on the surface of the solid by placing a droplet 
and the image of the drop is recorded. Static contact angle is then defined by fitting 
Young-Laplace equation around the droplet, other fitting methods such as circle or 
polynomial can be used as well. (Biolin Scientific, 2014). Statics contact angle provide 
important information about the properties of the surface (Ramé-hart instrument co. 
2015). The main advantages of sessile drop method are speed and convenience (Johnson 
and Dettre, 1993). 

Using two different approaches, dynamic contact angles can be used. The first method is 
by changing the volume of the droplet as shown in fig (4a) below. First, a small droplet is 
formed and placed on the solid surface. By bringing the needle close to the surface, the 
volume is gradually increased and the same time recording the advancing contact angle. 
As the volume of the droplet is gradually decreased, the receding angle is measured. The 
other approach is shown in the fig (4b) known as the tilting cradle. The droplet is placed 
on the solid surface which is gradually tilted. The advancing angle is measured just before 
the droplet starts to move at the front of the droplet, while the receding contact angle is 
measured at the same time at the back of the droplet (Biolin Scientific). When the 
receding angle is subtracted from the advancing angle, the result obtained is called the 
contact angle hysteresis (Ramé-hart instrument co. 2015). This method enables the use of 
almost all the liquid to determine the contact angle. But the shape of the drop could be 
affected by the syringe which invariably can affect the contact angle readings. More 
accurate results are obtained here since the drop shape is by the syringe. But disadvantage 
of this approach is that some liquid resists the tendency to move due to high wettability 
factors. 
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Figure 4: schematics of contact angle measurements by using (a) volume changing method (b) tilting cradle (Biolin 
Scientific) 

2.2 CHOSEN METHODOLOGY FOR THIS PROJECT 

Different techniques have been carefully studied. In regards to the aim of this project, 
which is concentrating on the wetting properties on the substrates, the static and dynamic 
approaches is employed together with the optical interferometer for a more detailed and 
reliable results as well as for the successful completion of the research. 

The MicroXAM shift phase Optical interferometer is used in taking the surface parameter 
values which is then imported into the Mountains Map software for surface imaging and 
analysis of the readings obtained. The parameter results obtained are taken out into 
Microsoft Excel for further investigations. While, Theta Optical Tensiometer included 
with the one Attention software (for analysis of the readings obtained) is used in taking 
the contact angle measurements. The sessile static technique is simply performed by 
placing a droplet on the substrate by applying single droplets of the various probe liquids 
on the selected stainless steel samples with the contact angle being monitored. The 
software by fitting the Young-Laplace equation around the surface droplet determines the 
static contact angle. 

2.3 PREPARATION AND DATA COLLECTION 

The preparation and data collection for this thesis started with the literature review studies 
regarding wetting properties on solid substrate, the required solid sample specifications, 
the probe liquids and different methods of contact angle measurement so as to choose the 
most suitable method(s) to employ using the right equipment. The experiment set up is 
discussed in section (4). The state of art equipment meant to carry out this research was 
tested and confirmed prior to the main experiment to make sure that they are in good 
working condition. 
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3. THEORY 

In this chapter the instruments as well as the software used in carrying out this project 
were described. Also explained here is the review of the literature study in respect to the 
problem and brief explanation of the materials on which the experiments were carried on 
results part. 

3.1 DESCRIPTION OF THE INSTRUMENTS USED 

3.1.1 OPTICAL INTERFEROMETER (Whitehouse, 2010) 

Optical interferometry is a technique of combining light from multiple sources in an 
optical instrument in order to make various precise measurements. 

Optical interferometer is an excellent metrology instrument for obtaining surface 
roughness and texture data on precision machined surfaces, integrated optical circuits, 
wave guides, optics and fibers, ceramics, thin films, MEMS devices and numerous other 
industrial measurements. Interferometer actually divides a number of beams that travel 
unequal paths and whose intensities, when reunited, interfere with each other. This 
interference formed appears as a pattern of light and dark bands called fringes. The 
information derived from these fringes is used for precise wavelength determinations, 
measurement of very small distances and thicknesses, the study of spectrum lines, and 
determination of refractive indices of transparent materials.  

MicroXAM INTERFEROMETER: 

The microXAM-1200 3D non-contact profilometer is a surface characterization solution 
for a wide range of applications and industries. This non-contact profilometer uses white 
light interferometry to generate high resolution 3D images that provide the industry’s 
highest vertical resolution with excellent repeatability and precision, and also superior 
reliability measurements. The magnifications available in this instrument are 50X, 20X, 
10X, 5X and 2.5X. 
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Figure 5: MicroXAM 1200 3D profilometer (Krishna and Reddy, 2015) 

This optical interferometer is used in wide application range. Some of them are as 
follows: 

• Medical Devices: the instrument is used in various ways and some of them are 
surface texture, defect inspection, wear volume measurement and film thickness 
measurement of medical implants such as heart-valves, artificial joints, dental 
implants and stents. 

• Precision Machining: this is the area where microscope plays a major role such 
as to examine the wear on cylindrical surface, grain structure analysis, surface 
roughness characterization and form measurement. 

• Data Storage: the instrument is used to examine the surface texture as substrate 
roughness monitoring, media roughness, waviness, laser texture, laser 
bump/scribe metrology, and disk roll-off height 

• LED: Sapphire substrate roughness, waviness and edge roll-off; patterned 
sapphire bump height and width; defect characterization, and step height for photo 
resist and metallization 

• Semiconductors and Electronics: Wafer inspection including height of through 
silicon via and bond pads, height of deposition and etch steps film thickness, 
critical dimension measurement  

• Optics: Surface pattern and feature dimensions of holographic elements, micro-
lens arrays, gem surface facet surface analysis and critical dimensioning, fiber 
optics connector end-face, etch performance and mask quality. 

• MEMS: Shape, surface detail and defect features of MEMS sensors, actuators, 
deformable optics and pumps. Non-contact process allows in situ measurement of 
activated structures. 
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3.1.2 MOUNTAINSMAP SOFTWARE: (digital surf) 

The results from the interferometer will be examined in Mountains Map to get a picture 
of how the surface looks like and provide information regarding the surface parameters. 

Mountains map is surface imaging and metrology software and is the product of digital 
surf company. 

The main application is micro-topography, the science of studying surface texture and 
form in 3D at the microscopic scale. It is compatible with all 3D optical microscopes 
using confocal, interferometry, focus variation, holography or structured light projection 
techniques. It provides a cutting edge surface imaging, analysis and metrology software. 

The main benefits of this software when using any optical microscopes are as follows: 

• Surface flyovers 
• 3D reconstruction with multi-focus image stocks 
• Powerful filters that helps in removing anomalies, carry out smoothing and so on 
• Overlay of color images and intensify images on 3D surface topography to speed 

up detection of surface features 
• High quality real time imaging of 3D surface topography, with a wide range of 

renderings, user-definable color palettes and image enhancement tools. 
• It evens helps in analyzing sub-surfaces also 
• The most popular 2D and 3D surface texture parameters are available in this 

software such as ISO 25178, ISO 4287, ASME B46.1, EUR 15178 and 
DIN(Germany), JIS(japan) and some more equivalents of ISO parameters. 

3.1.3 ISO STANDARDS: (www.iso.org)  

ISO 25178 standards are used to study different parameters like height parameters, 
functions and related parameters, spatial parameters, hybrid parameters etc., 

Height parameters: 

Height parameters are a class of surface finish parameters that quantify the Z-axis 
perpendicular to the surface. The reference plane for the calculation of these parameters is 
the mean plane of the measured surface. 
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Figure 6: the view of specimen with height parameters in software (mountains map software) 

 

 

ISO 25178 
Sq Root mean square height • Standard deviation of the height of the 

distribution, or RMS surface roughness. 
 

𝑆𝑆𝑆𝑆 = �1
𝐴𝐴
�𝑧𝑧2

𝐴𝐴

(𝑥𝑥,𝑦𝑦)𝑑𝑑𝑥𝑥𝑑𝑑𝑦𝑦 

• This parameter computes the standard 
deviation for the amplitudes of the surface. 

Ssk Skewness • It determines the skewness of the height 
distribution. 

𝑆𝑆𝑆𝑆𝑆𝑆 =
1
𝑆𝑆𝑆𝑆3

�
1
𝐴𝐴
�𝑧𝑧3(𝑥𝑥,𝑦𝑦)𝑑𝑑𝑥𝑥 𝑑𝑑𝑦𝑦
𝐴𝐴

� 

• The third statistical moment qualifies the 
symmetry of the height distribution. 

• This parameter is very sensitive to the 
sampling and to the noise of the 
measurement because of the big exponent 
used. 

Sku Kurtosis • It determines the kurtosis of the height 
distribution. 
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𝑆𝑆𝑆𝑆𝑆𝑆 =
1
𝑆𝑆𝑆𝑆4

�
1
𝐴𝐴
�𝑍𝑍4(𝑥𝑥,𝑦𝑦)𝑑𝑑𝑥𝑥 𝑑𝑑𝑦𝑦
𝐴𝐴

� 

• It is the fourth statistical moment 
qualifying the flatness of the height 
distribution 

Sp Maximum peak height • It determines the height between the 
highest peak and the mean plane 

Sv Maximum pit height • It determines the depth between the mean 
plane and the deepest valley 

Sz Maximum height • It determines the height between the 
highest peak and deepest valley 

Sa Arithmetical mean height • this is the mean surface roughness of the 
specimen 

𝑆𝑆𝑆𝑆 =
1
𝐴𝐴
� |𝑧𝑧(𝑥𝑥,𝑦𝑦)|𝑑𝑑𝑥𝑥𝑑𝑑𝑦𝑦
𝐴𝐴

 

• This parameter is deprecated and shall be 
replaced by Sq in the future. 

Table 1: the explanation of height parameters 

Functional parameters: 

Functional parameters are calculated from the Abbott-Firestone curve obtained by the 
integration of height distribution on the whole surface. 

Abbott-Firestone curve: (Michigan metrology) 

The Abbott-Firestone curve presents the bearing ratio curve, i.e. for a given depth, the 
percentage of material traversed in relation to the area covered. This function is the 
cumulating function of the amplitude distribution function. The horizontal axis represents 
the bearing ratio (in %) and the vertical axis the depths (in the measurement unit). 
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Figure 7: Abbott- firestone curve (mountains map software) 

 
Functional parameters 
Smr Areal material 

ratio 
• It determines the bearing area ratio at a given height 

 

 
• Smr is expressed as a percentage and it is the ratio 

between the area of the material at a specified height 
‘c’ and the evaluation area. 

• This parameter is included in both ISO 25178 and 
EUR 15178N and is calculated in the same way but 
with a different cut level. 
 

Smc Inverse areal 
material ratio 

• It is the height c, which gives the specified material 
ratio p. 

• The height can be measured from the best fitting least 
squares mean plane or as a depth down from the 
maximum point of the areal material ratio curve. 
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Sxp, 
Sdc 

Extreme peak 
height 

• Difference in height between q% and p% material 
ratio. This parameter must be configured with the two 
thresholds entered in %. 

𝑆𝑆𝑥𝑥𝑆𝑆 = 𝑆𝑆𝑆𝑆𝑆𝑆(𝑆𝑆%) − 𝑆𝑆𝑆𝑆𝑆𝑆(𝑆𝑆%) 
 

 
• In EUR 15178N, Sdc parameter can be used with any 

value but where as in ISO 25178 the values are 
initialized to ISO default values as p= 2.5% and 
q=50%. 

Table 2: Explanation of Functional parameters 

SPATIAL PARAMETER: 

Spatial parameters describe topographic characteristics based upon spectral analysis. 
They quantify the lateral information present on the X- and Y-axes of the surface. 

 

Figure 8: The surface view of specimen with Spatial Parameters (mountains map software) 

 

These parameters involve the spatial periodicity of the data, specifically its direction. 
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Sal Autocorrelation 
length 

• This parameter expresses the content in 
wavelength of the surface. A high value indicates 
that the surface has mainly high wavelengths and 
low frequencies 

𝑆𝑆𝑆𝑆𝑆𝑆 = min
𝑡𝑡𝑡𝑡,𝑡𝑡𝑡𝑡∈𝑅𝑅

�𝑡𝑡𝑥𝑥2 + 𝑡𝑡𝑦𝑦2  𝑤𝑤ℎ𝑒𝑒𝑒𝑒𝑒𝑒 𝑅𝑅

= {(𝑡𝑡𝑥𝑥, 𝑡𝑡𝑦𝑦):𝐴𝐴𝐴𝐴𝐴𝐴(𝑡𝑡𝑥𝑥, 𝑡𝑡𝑦𝑦) ≤ 𝑆𝑆} 
Str Texture-aspect ratio • Ratio of the horizontal distance of the 

autocorrelation function (tx, ty) which has the 
fastest decay to a specified value s to the 
horizontal distance of the autocorrelation 
function (tx, ty) which has the slowest decay to s, 
with 0≤ s < 1 

• This parameter has a result between 0 and 1. If 
the value is near 1, we can say that the surface is 
isotropic, i.e., has the same characteristics in all 
directions. If the value is near 0, the surface is an 
isotropic, i.e., has an oriented and/or periodical 
structure. 

Std Texture direction • This parameter calculates the main angle for the 
texture of the surface, given by the maximum of 
the polar spectrum. This parameter has a 
meaning if Str is lower than 0.5. 

• The angle is given by 0º and 360º 
counterclockwise, from a reference angle. The 
reference angle may be set to another value than 
0º 

 
• In both ISO 25178 and EUR 15178N, Std 

parameter is calculated the same way, but the 
angle is given differently. 

Table 3: The explanation of Spatial parameters 
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HYBRID PARAMETERS: 

Sdq Root-mean square 
gradient 

• It represents the root-mean square slope of the 
surface 

𝑆𝑆𝑑𝑑𝑆𝑆 = �1
𝐴𝐴
���

𝜕𝜕𝑧𝑧(𝑥𝑥,𝑦𝑦)
𝜕𝜕𝑥𝑥

�
2

+ �
𝜕𝜕𝑧𝑧(𝑥𝑥,𝑦𝑦)
𝜕𝜕𝑦𝑦

�
2

� 𝑑𝑑𝑥𝑥𝑑𝑑𝑦𝑦
𝐴𝐴

 

                      With A being the definition area 
 

Sdr Developed 
interfacial area ratio 

• It represents the ratio of the increment of the 
interfacial area of the scale limited surface within 
the definition area, over the definition area. 

𝑆𝑆𝑑𝑑𝑒𝑒 =
1
𝐴𝐴
�����1 + �

𝜕𝜕𝑧𝑧(𝑥𝑥,𝑦𝑦)
𝜕𝜕𝑥𝑥

�
2

+ �
𝜕𝜕𝑧𝑧(𝑥𝑥,𝑦𝑦)
𝜕𝜕𝑦𝑦

�
2

� − 1�𝑑𝑑𝑥𝑥𝑑𝑑𝑦𝑦� 

                 With A being the definition area 
• The developed surface indicates the complexity of 

the surface and thanks to the comparison of the 
curvilinear surface and the support surface. A 
completely flat surface will have an Sdr near 0%. 
A complex surface will have Sdr of some percent. 

Table 4: The explanation of hybrid parameters 

FUNCTIONAL VOLUME PARAMETERS: 

Functional volume parameters are typically used in tribological studies. They are usually 
calculated using the Abbott-firestone curve (areal material ratio curve) which is 
calculated on the surface. 

 

Figure 9: The view of specimen with functional parameters (mountains map software) 
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Figure 10: The volumetric parameters graph taken on the surface of specimen (mountains map software) 

Vm (p) Material volume • It is the volume of the material at a material 
ratio p in % 

𝑉𝑉𝑆𝑆(𝑆𝑆) =
𝐾𝐾

100%
� 𝑆𝑆𝑆𝑆𝑆𝑆(𝑆𝑆) − 𝑆𝑆𝑆𝑆𝑆𝑆(𝑆𝑆)𝑑𝑑𝑆𝑆
0

 

Where K is a constant to convert to 
millimeters per meters squared. 

Vv (p) Void volume • It is the volume of the voids at a material 
ratio p (in %). 

𝑉𝑉𝑉𝑉(𝑆𝑆) =
𝐾𝐾

100%
� [𝑆𝑆𝑆𝑆𝑆𝑆(𝑆𝑆) − 𝑆𝑆𝑆𝑆𝑆𝑆(𝑆𝑆)]𝑑𝑑𝑆𝑆
100%

𝑝𝑝
 

Where k is a constant to convert to millimeters 
per meters squared. 

Vmp Peak material volume of 
the scale limited surface 

• It is the volume of material in the peaks, 
between 0% material ratio and a material 
ratio p (in %), calculated in the zone above 
c1. 

Vmp = Vm(p) 
Vmc Core material volume of 

the scale limited surface 
• It is the volume of material in the core or 

kernel, between two material ratios p and q 
(in %), calculated in the zone between c1 and 
c2. 

Vmc = Vm(q) - Vm(p) 
Vvc Core void volume of the 

scale limited surface 
• It is the volume of the void in the core or 

kernel between the material ratios p and q 
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(%), calculated in the zone between c1 and 
c2. 

Vvv Pit void volume of the 
scale limited surface 

• It is the Volume of the void in the valleys, 
between a material ratio p (in %) and 100% 
material ratio, calculated in the zone below 
c2 
Vvv=Vv (p) 

 
Table 5: The explanation of volumetric parameters 

FEATURE PARAMETERS:  

Spd Density of peaks • Number of peaks per unit area 
Spc Arithmetic mean peak 

curvature 
• Arithmetic mean of the principle curvatures 

of peaks within a definition area. 
• This parameter enables to know the mean 

form of the peaks: either pointed, either 
rounded, according to the mean value of the 
curvature of the surface at these points. 

S10z Ten-point height • Average value of the heights of the five 
peaks with the largest global peak height 
added to the average value of the heights of 
the five pits with the largest global pit 
height, within the definition area. 

S10z = S5p + S5 
S5p Five-point peak height • Average value of the heights of the five 

peaks with the largest global peak height, 
within the definition area 

S5v Five-point pit height • Average value of the heights of the five pits 
with the largest global pit height, within the 
definition area. 

Sda Closed dale area • Average area of closed dales 

Sha Closed hill area • Average area of closed hills 
Sdv Closed dale volume • Average volume of closed dales 
Shv Closed hill volume • It is the average volume of closed hills 

Table 6: The explanation of feature parameters 

 

3.1.4 OPTICAL TENSIONMETER: (Biolin Scientific-Attention products) 
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Attention Theta is used for highly accurate measurement for research (investigation of 
material properties such as: wettability, adhesion, homogeneity, surface roughness, 
spreading, cleanliness, printability, adsorption, emulsion and foam), development and 
industrial quality control (in areas such as chemical, pharmaceuticals, electronics, food, 
energy, paper and packaging). It  is an excellent and functional contact angle meter for 
highly accurate measurements of: static contact angle with the sessile drop, captive 
bubble and meniscus methods; dynamic contact angle with the tilted drop and sessile drop 
methods; surface free energy; surface/ interfacial tension with the pendant drop and 
reverse pendant drop methods;  3D surface roughness with the fringe projection phase 
shifting method, and in, surface free energy, surface and interfacial tension; and 
interfacial dilateral rheology with the pulsating drop method. Theta uses a monochromatic 
cold LED light source and smooth lighting integration sphere to reduce sample 
evaporation.  Image quality is assured with a high resolution digital camera and a high 
speed data transfer between the computer and the instrument. The main benefits and 
features are: Modularity and extensive services, unique innovative features and options 
(e.g. possibility to combine contact angle measurement with 3D topographical 
measurement), one attention software, and theta camera (with up to 3009 fps drop 
analysis of 1984 x 1264 pixels’ resolution). Theta optical tentiometer is shown in fig 11 
below. 

ONE ATTENTION SOFTWARE: 

One Attention is all-inclusive software which permits quick access to all measurements 
capabilities without any need of purchasing and installing separate software. One 
attention software is a modern and user and friendly control software for drop shape 
analysis. It uses for example, the Young – Laplace equation as a reference method and 
can fit the entire drop profile. The software platform allows easy implementation of 
customized features and functionality for special demand. Some of the significant 
advantages of this software are: 

• Fully automatic measurements that excludes user dependent variation and at the 
same time saves time. 

• Ability to select ready-made experiments recipes or create custom programs for 
quick and repeatable operations. 

• Automatic baseline detection and drop shape fitting 
• Contact angle on curved surfaces 
• Flexible and programmable frame per second rate recorded by the camera. 
• Intuitive user interface, live analysis, configurable user group and accounts and a 

pre-set liquid data base. 
• Easy exportation in depth analysis in few seconds. 
• Ability to select, transform, plot and analyze any data point or groups of data 

point. 
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Figure 11: Attention Theta from Biolin scientific 

3.1.5 WETTING PHENOMENA 

It is generally known that the surface topography of a solid appreciably affects its 
wettability.  Chemical composition and the roughness of the solid surface are the two 
factors that govern wetting behavior (Sheng et al, 2007). In terms of the contact angle 
‘θY’ between the liquid-solid, and liquid-gas interfaces, the wettability of an ideal flat 
surface is illustrated by Young ‘s equation (De Gennes et al, 2004; Synytska et al, 2008; 
Grundke et al, 2003) 

𝛾𝛾𝑆𝑆𝑉𝑉 =  𝛾𝛾𝑆𝑆𝑆𝑆 +  𝛾𝛾𝑆𝑆𝑉𝑉 𝑆𝑆𝑐𝑐𝑆𝑆 𝜃𝜃𝑌𝑌  

where  𝛾𝛾𝑆𝑆𝑆𝑆, 𝛾𝛾𝑆𝑆𝑉𝑉 , and 𝛾𝛾𝑆𝑆𝑉𝑉  represent the interfacial tensions of solid-liquid, liquid-gas, and 
solid-gas interfaces, respectively. 

In the absence of surface roughness, Young’s equation shows that the nature of wetting 
determined by the relative compatibility of the solid for the liquid or gas phases, as 
depicted by the difference between solid-gas and solid-liquid interfacial tensions in above 
equation. Young equation actually depicts that the interfacial tensions are the solely 
parameters governing wettability. The interfacial tensions intrinsic properties associated 
with a surface and can be controlled by chemical modifications are 𝛾𝛾𝑆𝑆𝑆𝑆 𝑆𝑆𝑎𝑎𝑑𝑑 𝛾𝛾𝑆𝑆𝑉𝑉. The 
interface where solid, liquid, and vapour coincide is referred to as the “three phase contact 
line” as shown in fig 12 (Yuan and Lee, 2013).  Wettability depends mainly on the mean 
surface roughness, and can be used as a characteristics parameter of the system, providing 
that a precursor film is not formed at the target surface during spread (Moita and Moreira, 
2003). A drop with a contact angle less than 90° (θ<90) is hydrophilic. This implies better 
wetting, good adhesiveness and higher solid surface free energy. While a drop with a 
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contact angle over 90° (θ>90) is hydrophobicity that means poor wetting, poor wettability 
and low surface free energy. But when the contact angle is equal to zero (θ=0), it 
indicates complete wetting of the solid. Surface roughness increases hydrophilicity. Super 
hydrophobicity surfaces are good self-cleaning surfaces like lotus leave. Water droplet is 
almost spherical on the plant leave and can be easily rolled off, thereby cleaning the 
surface in the process. Surface is super hydrophobic in an extremely difficult to wet 
condition like in the “lotus effect”, when a drop is greater than 150° (θ>150°) (Lafuma 
and Quere, 2003; Barthlott et al, 1997).  It is shown that surface roughness; minimized 
particle adhesion and water repellence is the key to the self-cleaning mechanism of many 
biological surfaces (Lafuma and Quere, 2003). 
 

 

Figure 12: Illustration of contact angles formed by sessile liquid drops on a smooth solid surface (Yuan and Lee 2013)  

Contact angle is commonly used to measure “cleanliness”. Usually organic contaminants 
will prevent wetting and result in higher contact angles on hydrophilic surfaces. As a 
surface is cleaned and treated to remove contaminants the contact angle typically will 
decrease as wetting improves and surface energy increases as shown in fig 13 below. 

               Contaminated surface                                        Clean surface 

 

Figure 13:  Cleanliness (Rame-hart instrument co) 

The earliest study on the wetting of rough substrates was addressed by Wenzel (Wenzel, 
1936; Peltonen et al, 2004) and later by Cassie and Baxter (Drelich and Miller, 1993; 
Wonjae, 2009). Wenzel assumed that the liquid filled up the grooves on the rough surface 
as shown in fig 14 and generalized Young’s equation to obtain the apparent contact angle 
θa. The apparent contact angle of the drops that wets the grooves is given by Wenzel’s 
formula (Wenzel,1949) while the apparent constant angle of a drop that sits on the 
roughness peak as shown in fig 14 is given by Cassie’s formula (Cassie, 1948). 
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Figure 14: Cassie and Wenzel State (Rame-hart instrument co) 

Of the two possible states, the one with a lower apparent contact angle has lower energy 
(Marmur, 2003; Lafuma and Quere, 2003). It is the geometric of the surface parameters 
roughness that determines whether Cassie or Wenzel drop has lower energy. All contact 
angles on rough surfaces are largely not considered useful in terms of Young’s equation 
(Neumann, 1974). They are different to Young’s contact angle. Young’s equation is 
applicable to ideal surfaces that are perfectly smooth.  
It is recommended that the solid surface should be prepared as smooth as possible and as 
inert to the liquids of interest as possible. This is because; there is no standard yet 
established to know how smooth a solid surface can be so that roughness will not have 
any impact on the contact angle (Yuan and lee, 2013). Some techniques can be used to 
prepare smooth homogeneous solid surfaces e.g. heat pressing (Nanayakkara et al, 2010) 
and others.  
 
Contact angle hysteresis: The angle observed when a liquid advance over a solid surface 
is called advancing contact angle denoted by ‘θa’. On the other hand, the angle observed 
when a liquid recedes from the surface is called the receding or retreating contact angle 
denoted by ‘θr’ (Chaudhary, 1984). Hysteresis is simply the difference between the 
advancing and receding angles (Good, 1979). 
H = θa - θr 
Two major causes of hysteresis are the roughness and surface chemical heterogeneity 
(Johnson and Dettre, 1964; Dettre and Johnson, 1965). Other causes could be impurities 
adsorbing on the surface or swelling as pointed out by Adamson (1990). According to 
Kwok et al (1998) θa and θr should be very close for ideally smooth and homogenous 
solid surfaces, though on heterogeneous surface this can be reasonably large. It is usually 
advisable to measure both θa and θr because there could be difference in the chemical 
information reading in both angles for the same solid surface (Good, 1992).  
The experimentally observed contact angle might not be equal to young’s contact angle 
θY due to intricacy of its phenomena (Neumann, 1974). There is contact angle hysteresis 
on ideal solid surfaces; conversely the experimentally observed contact angle is Young’s 
contact angle θY. On chemically homogeneous smooth solid surfaces, the experientially 
observed contact angle may not be equal to θY. But, the experimentally advancing 
contact angle might be expected to be a good approximation of θY (Neumann, 1974). 
When hysteresis occurs it is usually positive (i.e. θa>θr), indicating partial or complete 
residual wetting of the solid surface by the liquid of the retreating drop. Although on rare 
cases negative hysteresis (i.e. θa<θr) can occur (Giese and Van Oss, 2002). 
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3.2 CHOSEN TOPIC 

3.2.1 GETINGE PRESENT SCENARIO  

Getinge group is a world leading company in medical devices business supplying 
equipment for safe and efficient health care. One of its main business areas: Getinge 
Infection Control AB offers complete solutions for efficient cleaning, disinfection and 
sterilization within the areas of preventive care, health care and pharmaceutical company. 
The company products have very high functional surface requirements, especially in the 
chamber sterilization which maintain highly superior hygiene levels.  Currently the 
tropical company use sterilization chamber made of 316L stainless steel.  They need to 
improve surface specifications in order to remain competitive with the rising need in safe 
and efficient care in the medical sector. The project in collaboration with Getinge 
investigates various surface specifications to determine their wetting properties for easy 
clean ability. Figure 15 below shows the sterilization chamber made of 316L Stainless 
steel. 

 

 

Figure 15: Sterilization chamber [Getinge GSS 67H] 

 
 

 

3.2.2 CURRENT RESEARCH 

Upon development of medical equipment; biocompatibility, function and manufacturing 
requirements are usually identified, but in most cases the cleanability aspects and 
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requirements are not considered. Efficient pre cleaning, disinfection and sterilization of 
medical equipment used in diagnosing and treatment of patients are very important for 
safe care of patients. In regards to this scenario, Getinge has concentrated to employ the 
best surface finish of stainless steel with good wettability property for more easy to clean 
and hygienic purposes for their autoclaves. This would invariable amounts to a substantial 
cost saving because it automatically reduces the time and energy needed to complete the 
cleaning process. Therefore, four different brushes of stainless steel and some surgical 
equipment investigated using the state of art equipment in Halmstad university laboratory. 

3.2.3 COMPETITIVE ANALYSIS 

Some of the major players in infection control market such as: STERRIS Corporation 
(U.S), Belimed AG (Switzerland), MÜNCHENER MEDIZIN MECHANIK GMBH 
(MMM) (Germany), Tuttnauer, Lautenschläger, Steelco (U.S) predominantly uses 316L 
stainless steel on their autoclaves and sterilizers just like Getinge. 

3.2.4 MATERIALS USED FOR PROJECT 

The substrates that are being investigated in this thesis are 4 different brushes of 316L 
stainless steel and five used surgical equipment.  The four brushes of stainless steel are: 
2B, 3N, 4N and DB as shown in fig 16, While the five surgical instruments are: Towel 
clamp, Toothed tissue forceps, Plain thumb forceps, needle holder and Blunt /sharp 
scissors as shown in fig 17. 

 

Figure 16: brushes of stainless steel (Outokumpu deco range) 

   



26 
 

 

Figure 17: toothed tissue forceps, needle holder, towel clamp, blunt sharp scissor and plain thumb forceps 

Stainless steel brushes/polished Surface finish: 

2B: Smooth surface with low glows. Cold rolled, heat treated, prickled, skin passed. Ra 
ranges from 0.1-0.5 µm. 

3N: Wet ground finishes. It is produced by either mechanical rolling or polishing. Ra 
ranges from 0.4-0.6µm. 

4N: Wet ground polished finishes with a satin like look which provides for easy cleaning. 
Typical uses include interior surfaces and household appliances. The Ra ranges from 0.2-
0.4µm 

DB: Dry brushed finishes with sophisticated look and easy cleaning. Used mainly for 
household appliances and many applications seeking a decorative effect. The range of the 
Surface roughness Ra is 0.1 - 0.3µm.  

The different stainless steel brushes were ordered from Outokumpu Company (a world 
leader in stainless steel) which is a supplier to the Getinge infection control.  

Surgical Equipment: 

1) Toothed tissue forceps: Used for grasping and holding tissue, muscle or skin 
surrounding a wound. 

2) Needle holder: Used to hold and pass a suturing needle through tissue. 

3) Sharp/blunt scissors: Used to cut and dissect fascia and muscle. It has one blunt tip 
and one sharp tip. 

4) Plain thumb forceps (non-toothed forceps): Used to hold tissues in place while 
applying sutures and to gently move tissues out of the way during exploratory operations, 
as well as to insert packing into or remove objects from deep cavities. 

5) Towel Clamp: Used to secure towels and surgical draping during a procedure. 
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Seven surfaces out of the five equipment surfaces were investigated. The surgical 
equipment was borrowed from Halland Sjukhus Halmstad. The instruments were supplied 
to them by STILLE AB.  STILLE AB is a Swedish manufacturer of surgical instruments 
and equipment founded in 1841. The type of stainless steel used on their instruments 
could not be found online.  

Probe Liquids: 

The probe liquids for the contact angle measurements were distilled water 
(ϒ=72.800mN/m at 20°C), ethylene glycol (ϒ= 48mN/m at 20°C), glycerol 
(ϒ=63.4mN/m at 25°C) and olive oil (ϒ=32mN/m at 20°C).   
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4. RESULTS 
This section summarizes the results that are considered to be of prime importance in 
determining the wetting properties. 

In order to gets the information regarding the surface parameters, 100 measurements were 
taken at different locations on each sample of 2B, 3N, 4N and DB and the surgical 
instruments using 50X magnification respectively. To get better insight of the reading 
taken, the data collected was imported into the Mountain Map software and non-
measured points were filled as shown in appendix 3.  

To determine the changes in wetting properties of the various surfaces, contact angles of 
water, ethylene glycol, glycerol and olive oil were measure on the 4 brushes of the 
stainless steel, while on the medical equipment oil contact angle was not measured due to 
difficulty in getting a reliable result. Six different measurements were taken on each of 
the various surfaces with a consistent drop volume of 3µl and were recorded after 10 
seconds so as to ensure stability of the liquid spread before recording the values. While 
the drop shapes were shown in appendix 3. To avoid cross contamination between the 
tests liquid, a special unique set of tubes were set aside for each liquid as well as the 
syringes. For reproducible results, all the liquids were kept pure and uncontaminated by 
covering the tubes immediately after usage. Also consistent exposures of the investigated 
substrates were maintained all through the experiment. The samples were cleaned using 
microfiber fabric and acetone solvent prior to each measurement as well as between the 
changes of the liquids.  

The contact angle measurement is a method to study how a liquid wets a solid using every 
liquid and every solid. Though, the use of water as a probe liquid is prevalent in the 
literatures. However, in this study, other liquids were investigated as well so as to have a 
more comparative study of their contact angle behaviors on the same surfaces in the 
system.  The choice of water, glycerol, ethylene glycol and olive oil used were due to 
their availability and also necessary properties already installed in the software database 
which was used to carry out the experiment. Also second choice was based in terms of 
their polarity, water being the most polar liquid followed by glycerol then ethylene glycol 
and finally the olive oil which is a non-polar liquid.   

4.1 PRESENTATION OF EXPERIMENTAL RESULTS 

Appendix 1 and 2 shows all the surface parameters obtained from the 11 surfaces while 
Appendix 3 shows all the images obtained. 

From ISO 25178 standards, there are some parameters that can helps in studying the 
surface properties and helps in getting better contact angle and wettability. The 
parameters are from functional volumetric parameters, spatial parameters and few height 
parameters.  

FUNCTIONAL VOLUME PARAMETERS: 
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Studies have shown that volume parameters have good correlation with the functional 
requirements in several applications especially in adhesion. In the volumetric parameter 
study, two bearing ratio thresholds are predefined as p1=10% and p2=80%. p1 is used to 
define the cut level c1 and same with p2 that defines the cut level c2. 

 The Vmp (peak material volume) parameter characterizes the volume of the material 
situated on the highest peak of the surface and indicates how much material may be worn 
out for a given depth of the bearing curve The Vmc (core material volume) indicate how 
much material is available for load support once the top levels of a surface is worn out. 
The Vvc (core void volume) and Vvv (pit void volume) yields a measure of the void 
volume provided by the surface between several heights as established by the chosen 
material ratio values. The two parameters indicate how much fluid would fill the surface 
i.e. Vvv + Vvc.  

These volumetric parameters help in better study of the material properties like if the void 
volume(Vvv) is less than the peak volume(Vmp), then the material has more contact 
angle and vice versa.  

Figure 18 and 19 shows the graphical and illustration of the volumetric parameters of all the 
surfaces respectively while table 7 and 8 shows the mean value of the surfaces.  

 

   

   

 

 

2B 4N 



30 
 

 

 

 



31 
 

 

  

             

                                                                                                                                          

 

 

 

 



32 
 

 

                        PLAIN THUMB FORCEPS 

Figure 18: Graphical representation of volume parameters- roughness (Robust Gaussian filter, 80µm) for the different 
stainless steel surfaces. 

 

  Table 7: The volumetric parameters of the brushed specimen 
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  Table 8: The volumetric parameters of the surgical equipment  

 

Figure 19: Figure illustrating the mean values of the volumetric parameters for the different surfaces. 

 

HEIGHT PARAMETERS: 
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Height parameters are calculated by taking a mean value of the peaks and then comparing 
with other valleys and grooves heights. The Sa and Sq parameters represent an overall 
measure of the texture comprising the material surface. They are insusceptible in 
differentiating peaks, valleys and the spacing of the various texture features and may be 
misleading in that many surfaces with grossly different spatial and height symmetry 
features may have the same Sa or Sq, but function quite differently. But once a surface 
type is confirmed they may be used to show significant deviations in the texture 
characteristics. Typically Sq is used to specify optical surfaces while Sa is used for 
machined surfaces. Sz is the maximum height of the surface i.e. the sum of the height of 
the highest point of the surface (Sp) and height of the lowest point of the surfaces (Sv). 
Table 9 and 10 shows the height parameters of the stainless steel surfaces while figure 20 
and 21 shows the 3D pictures and the illustration of the mean values respectively. 

 

PARAMETERS DESCRIPTION 3N 
specimen 

4N 
specimen 

DB 
specimen 

2B 
specimen 

Sa (µm) Arithmetical 
mean height 

0.289 0.281 0.186 0.181 

Sq (µm) Root mean 
square height 

0.399 0.352 0.245 0.248 

Sz (µm) Maximum 
height 

5.083  3.123 2.963 4.028 

 TABLE 9: height parameters of the brushed sample 

PARAMETERS DESCRIPTION BLUNT 
SHARP 
SCISSORS 
INSIDE 
AREA 

BLUNT 
SHARP 
SCISSOR 
OUTSIDE 

NEEDLE 
HOLDER 

PLAIN 
THUMB 
FORCEP 

TOOTHED 
TISSUE 

FORCEP  

TOWEL 
CLAMP 
HEAD 
PART 

TOWEL 
CLAMP 
BODY 

Sa Arithmetical 
mean height 0.357 0.120 0.344 3.453 10.461 0.122 0.091 

Sq Root mean 
square height 0.464 0.194 0.447 5.346 15.723 0.192 0.138 

Sz (µm) Maximum 
height 3.975 3.214 4.323 160.076 248.364 3.536 2.424 

TABLE 10: height parameters of the surgical equipment 
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Figure 20: figure illustrating the mean values of the height parameters for the various surfaces. (Plain thumb forceps: Sz = 
Sz/500, Sa= Sa/100, Sq=Sq/100; Toothed tissue forceps: Sz= Sz /500, Sa=Sa/500, Sq=Sq /100; Others: Sz= Sz/100) 

 

 

 

                                      2B                                                                                                 4N  

0

0,1

0,2

0,3

0,4

0,5

0,6
M

ea
n 

he
ig

ht
 p

ar
am

et
er

s[
µm

] 

Stainless steel surfaces 

Sa

Sq

Sz



36 
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                                 TOWEL CLAMP (a)                                                                                      TOWEL CLAMP (b) 

 

 

 

                                                                PLAIN THUMB FORCEPS 

Figure 21: 3D view of all the samples. 

SPATIAL PARAMETERS  

Str is a measure of the spatial isotropy or directionality of the surface structure. It is 
useful in determining the presence of lay in any direction.  For applications where a 
surface is produced by multiple processes, it may be used to detect the presence of 
underlying surface modifications, and may find application in detecting subtle 
directionality on an otherwise isotropic texture. 

Sal is a quantitative measure as to the distance along the surface by which one would find 
a texture that is statistically different from the original location. Sal is useful in 
establishing the distance between multiple measurements made on the surface to 
adequately determine the general texture specification of the surface.  Sal may find 
application related to the interaction of electromagnetic radiation with the surface and 
also tribological characteristics such as friction and wear. 
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For a surface with a dominant lay, the Str parameter will tend towards 0.00, whereas a 
spatially isotropic texture will result in a Str of 1. Surface with Str value > 0.5 are 
considered a strong Isotropy while that with Str value < 0.3 are considered strong 
anisotropy (Blategron, 2013). The larger the Sal parameter value of the surface, the less 
the number of the contact points. Increase in the number of contact points increase the 
real area of contact. (Blategron, 2013).  Studies have also shown that the adhesive 
frictional force is proportional to the real area of contact, which implies that the adhesive 
friction behavior of a surface is inversely proportional to its Sal. Table 11 and 12 shows 
the mean values of the spatial parameters obtained in the brushed surfaces and surgical 
equipment respectively while figure 22 illustrates the mean values of the various surfaces. 

PARAMETERS DESCRIPTION 3N 
specimen 

4N 
specimen 

DB 
specimen 

2B 
specimen 

Sal (s = 0.2) Autocorrelation 
length 

6.300 2.912 2.759 
 

3.658 

Str (s = 0.2) Texture-aspect 
ratio 

0.026 0.029 0.042 0.374 

TABLE 11: spatial parameters of the specimens 

PARAMETERS DESCRIPTION BLUNT 
SHARP 
SCISSORS 
INSIDE 
AREA 

BLUNT 
SHARP 
SCISSORS NEEDLE 

HOLDER 

PLAIN 
THUMB 
FORCEP 

TOOTHED 
TISSUE 

FORCEP  

TOWEL 
CLAMP 
HEAD 

(a) 

TOWEL 
CLAMP 

(b) 

Sal (s = 0.2) 
Autocorrelation 
length 

7.572 3.192 7.656 6.006 6.545 9.212 8.701 

Str (s = 0.2) 
Texture-aspect 
ratio 0.140 0.282 0.447 0.269 0.284 0.39 0.403  

TABLE 12: spatial parameters of the surgical equipment 
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Figure 22: Figure illustrating the mean values of spatial parameters for the various surfaces 

 

4.2 PRESENTATION OF RESULTS BASED ON MODEL, SIMULATIONS 

The mean contact angles obtained for the various brushed samples are shown in table 13 
while that of the medical equipment are shown in table 14 while figure 23  illustrates the 
mean values obtained. Images of the drop shapes obtained from the contact angles of 
water and oil are shown in figure 24-25. 

 

CONTACT ANGLE READINGS 
SPECIMENS WATER ETHYLENE 

GLYCOL 
GLYCEROL OLIVE OIL 

2B 65.59 54.24 79.30 30.40 
3N 82.24 59.64 77.53 30.02 
4N 73.04 53.93 77.67 48.19 
DB 71.8 50.55 55.10 26.33 
TABLE 13: contact angle readings of the specimens 

SURGICAL EQUIPMENTS WATER ETHYLENE 
GLYCOL 

GLYCEROL 

Towel clamp (b) 78.90 64.87 79.79 
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Towel clamp  78.79 69.01 78.00 
Toothed tissue forceps 75.87 62.85 81.20 
Plain tissue forceps 74.07 58.58 74 
Needle holder 80.80 66.26 77.22 
Blunt sharp scissors 78.43 63.07 78.00 
Blunt sharp scissors (a) 89.77 83.75 88.52 
TABLE 14: contact angle readings of the surgical equipment 

 

 

 

 

Figure 23: Figure illustrating the mean values of the contact angle for the various surfaces. 
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Figure 24:  Drop shapes obtained from water  contact angle of the various surfaces 
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                    2B                                    4N                                       DB                                             3N 

Figure 25: Drop shapes obtained from oil contact angle of the various surfaces 

 

4.3 DISCUSSION: 

The contact angle and wetting properties depend on the surface properties of any 
particular material. Hydrophobicity and hydrophilicity plays a major role in this aspect. 
From different studies it is already conformed that contact angle will be less for 
hydrophilic surfaces and will be more for hydrophobic surfaces. 

A material surface is said to be hydrophilic in nature if the droplet spreads by wetting a 
large area of the surface as in the case of surfaces investigated in this research, which 
fulfills the criteria well known that untreated metals are hydrophilic in nature. But the 
same contact angle values are not expected on all the surfaces since they have different 
brushings and polishing on them as shown in the table 9 and 10 above.  

The values of Stainless steel brushings contact angle as shown in table 9 also fulfilled the 
criteria that roughness plays a major role in wetting and spreading. 3N having the highest 
Ra of 0.1µm to 0.6 µm showed the highest contact angle with water and ethylene glycol 
except in the case of glycerol and olive oil which deviated and might be as a result of one 
factor or the other. The DB Specimen is supposed to show the least contact angle since it 
is having Ra ranges from 0.1µm – 0.3µm but instead the 2B brushes are showing the least 
in both water and ethylene glycol. 

 The comparison always results in providing a pattern of variation between samples for 
selected parameters. From ISO 25178 standards, the comparison is being done on few 
parameters for the specimens given by manufacturer and also on the samples that are 
collected from the hospital. Volumetric parameters play a major role in understanding the 
surface properties. For a lower contact angle, the Vmp parameters value should be lower 
than Vvv parameter value and the same can be observed in the results that the entire four 
specimens contact angle are less than 90°. 

 The 3N specimen exhibited the highest mean value of Vmp among the brushed surfaces, 
indicating that a large percentage of the area would be removed while blunt sharp scissors 
inside exhibited the highest among the surgical equipment. The 3N exhibited the highest 
mean value of Vvc and Vvv among the brushed surfaces, indicating the surface which 
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would potentially retain the greatest amount of fluid while the blunt sharp scissors inside 
has the highest among the surgical equipment. 

The various surfaces exhibit predominance of valleys on their surfaces. The 3N shows the 
highest value of the Sa, Sq and Sz parameters among the brushed surfaces. The blunt 
sharp scissors shows the highest as well among the parameters except the toothed tissue 
forceps and plain thumb forceps which their values seem to be unrealistic. 

The type of surface commonly encountered in the industries has oriented surface (turned, 
ground or brushed surfaces) or a periodic structure i.e. anisotropic. All the samples 
showed anisotropic texture and high amount of directionality and dominant lay. 3N has 
the least Str value (0.026), therefore exhibits the highest of the above characteristics while 
2B and Towel clamp and exhibits less due to higher Str value which exceeds the 0.3 
criterions but not up to 0.5 to be classified as Isotropic. The medical equipment showed 
less adhesive frictional force as well as less real area of contact due to higher Sal values 
which quite contradicts the contact angles values realized. But the 3N values among the 
other brushed surfaces seem to be more realistic because it showed a higher contact angle 
having the least real area of contact. 

By comparing the values, it can be said that all the specimens of stainless steel are 
showing hydrophilicity nature with different liquid substances used among which 3N 
specimen is showing better contact angle among the brushed surfaces with most liquid  
which can be used for autoclaves. 

The experiment is carried out on the surgical equipment that are collected from the 
hospital to get an idea of the surface finish that is used and their properties. Many of the 
equipment show a nearer roughness parameters value and contact angles as that of 4N 
specimen except the inside part of the blunt sharp scissors which showed similar values as 
that of 3N specimen, while the needle holder deviated a bit. It can even be observed with 
the naked eye that the surface texture of the blunt sharps scissors inside is a bit rougher 
with grooves when compared to other areas and other equipment. It is showing almost 
hydrophobic conditions as the contact angle of the specimen at that region is around 
89.77° with water.  

 

 

 

 

                                                     5 .CONCLUSION 

5.1 CONCLUSION 
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The wetting Phenomena is quite a hard task to just conclude on a particular surface 
parameters as the main property that enhances or deters wettability of a solid substrate. 
This is as result of the wide range of parameters readings as shown in appendix 1 and 2. 
Though, a handful of studies were conducted through the literature review, so as to sieve 
out the likely parameters that in one way or the other contribute to the wetting of the 
surfaces. These are explained with the necessary values and figures in the discussion part. 

The relationship between roughness and wettability was defined already by Wenzel who 
stated that adding surface roughness will enhance the wettability caused by the chemistry 
of the surface. For example, if the surface is chemically hydrophobic, it will become even 
more hydrophobic when surface roughness is added and the same is observed in the 
experiment that was carried out. When comparing surface roughness parameters taken 
from ISO standards with the contact angle, it is observed the same result which is stated 
in the study.  It clearly proves that roughness parameters play a very important role for 
contact angle measurement and also to obtain a desired type of surface by changing the 
roughness values. 

In as much as the surface integrity plays a major role in the expected results, the 
reliability of the results obtained both in the surface parameter and contact angle readings 
are largely dependent at on the state or conditions of the surface when the experiment was 
carried out. For instance, the “Std parameter” values realized in the surgical equipment 
were far greater than what was obtained on the brushed surfaces. This is because the Std 
parameter is a convenient parameter on surfaces indicating orientation texture and 
scratches (Schulz et al, 2010; McGarigal et al, 2009). This is an indication that the 
surgical equipment surfaces must have been altered in the course of usage or handling 
since they are already in use before this investigation. In regards to this factor inconsistent 
and likely unrealistic values were observed in the roughness measurements parameters 
obtained, however, no clear correlation could be established with the contact angle values 
realized, except the blunt sharp (a) which shows consistent and more similar value with 
the brushed surfaces. Therefore the observations thus would be based on the brushed 
surfaces and the blunt sharp scissors a (BSSa ). 

The surface parameters that show likely correlations with the obtained contact angles are 
stated below in terms of the mean values obtained.  

• Sq :      BSSa  > 3N > 4N > 2B> DB 
• Sz :      3N  > 2B > BSSa > 4N > DB 
• Sa :      BSSa > 3N > 4N > DB >  2B 
• Vvv:    BSSa > 3N > 4N > 2B  > DB 
• Vvc:    BSSa > 3N > 4N > 2B >  DB 
• Sal:      BSSa > 3N > 2B > 4N >  DB 

As shown in table 13 and 14 for the mean contact angles values realized for the various 
liquids. 

• Water :                BSSa > 3N  > 4N > DB > 2B 
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• Glycerol:             BSSa > 2B > 4N > 3N > DB 
• Ethylene glycol : BSSa > 3N > 2B > 4N > DB 
• Olive Oil:              4N > 2B > 3N > DB 

From the above order of values realized from the surface parameters and their contact 
angles with water and other liquids on the different surfaces is an established procedure 
for evaluating the cleanability properties of the different surfaces. Using water as the 
reference liquid: BSSa shows the least hydrophilic property, followed by 3N, 4N, DB and 
2B respectively which as well followed the sequence of the values obtained in the Sq, Sa, 
Vvv, ,Vvc, Sal and Sz parameters, though deviated a bit in  the Sz parameters.  

Thus Blunt sharp scissors inside (BSSa) showed the best repellence property with water, 
glycerol and ethylene glycol and should be considered the best in terms of clean ability, 
though might not be the best easy to clean due to its highest void volume (Vvv and Vvc) 
parameter values, but still preferable since its Sa value is 0.35µm (Based on previous 
studies by (EU, report 2013) Sa value for a given surface < 0.8µm on a stainless steel is 
considered ok in terms of cleanability). A closer study of the results also showed that the 
3N surface finish showed a significant clean ability more than the other three brushes. 
This again shows that roughness had a significant effect on clean ability, because it is 
having the highest Ra value of 0.4µm -0.6µm more than others as clearly specified by the 
manufacturer. 

Noticeably, from figure 20 -21, olive oil and ethylene glycol has lesser surface tension 
(ϒ) of 32.000mN/m and 48mN/m respectively, and spreads more on the substrate, while 
water and glycerol tends to beads on the surface and they have higher surface tension of 
72.800mN/m and 63.400mN/m respectively. 

4.4 RECOMMENDATIONS FOR FUTURE ACTIVITIES 

Surface free energy (SFE) can provide valuable information on the wetting properties of a 
surface. This can be done by measuring the contact angle of the solid with at least two 
different probe liquid, (one polar and one non polar) Surface free energy experiment can 
be analyzed using the information obtained from the contact angle experiments, only that 
the software processes the data in a different way and thereafter providing the SFE of the 
substrate according to the most used theories. The one attention software enables easy 
SFE calculations simply by selecting the desired angle points and sending them to the 
SFE calculation window. The programming should be made available so that subsequent 
researchers can benefit from it. 

In practice, wettability and contact angle are not dependent on the chemistry of the 
studied material alone, but also on the topography. The surface roughness effect to 
contact angle and wetting properties can be studied by measuring surface topography and 
applying Wenzel’s equation. With attention theta and topography module, several 
multiple measurements in a single run can be carried out. The topography of multiple 
areas on the sample and then automatically do the contact angle measurements on the 
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exact area. In other to get more reliable results, the “optional 3D topography module” 
should be employed for use for continuity in this study. 

For the investigation of the dynamic contact angles (advancing and receding contact 
angle), the automated “tilting cradle module” and any other feature needed to make the 
dynamic contact angle measurements should be made available so as to get enough 
knowledge and prove the state of the art. Both methods for dynamic contact angle 
measurements i.e. tilting and drop in drop out should be weigh thoroughly in order to get 
better understanding on the surface characterization and properties. 

Contact angle measurements and surface energy coupled with roughness evaluation 
should be performed on a wider variety of materials as well as on different specifications 
in order to improve understanding on how best to improve surgical equipment clean 
ability.  
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6.  CRITICAL REVIEW 

9.1 ENVIRONMENTAL AND SUSTAINABLE DEVELOPMENT 

Good understanding of wetting properties of stainless steel plays an important role in 
industrial processes such as oil recovery, lubrication, liquid coating, printing etc. Also in 
hygienic surfaces like in food packaging, water piping system and medical devices where 
the surface should have good clean ability and prevents the formation of any medium in 
which bacteria can grow on, Conversely, will undoubtedly lead to the reduction in 
effluent release to the environment, because lesser concentration of disinfection would be 
required to achieve the expected hygiene of the material. Since product quality, 
performance and surface life depends on the roughness parameters where the surface is of 
interest like in adhesion, this research would lead to continuous sustainable design and 
development of products and equipment of such surfaces on other material other than the 
studied material with the already established parameters.   

9.2 ECONOMY, ETHICAL AND SOCIAL ASPECT 

To avoid errors in the readings which might affect the result, the research conducted on 
the material are carefully selected. The cost of preparing different surfaces in quest for 
better and more satisfactory functional surfaces to satisfy the required need in the 
industries and for customer’s satisfaction is quite high. Good understanding of the wetting 
properties of stainless steel surfaces would undoubtedly lead to the design of products 
with known wetting properties standard which would amount to a substantial cost saving 
and energy. It is very essential to have defined surface finish properties to work with. 
There are no special procedures/measures for handling such surfaces of stainless steels. 
Normal precautions should be should be taking to avoid physical injuries produced 
mainly by the sharp edges.  

6.3 OCCUPATIONAL HEALTH AND SAFETY 

Stainless steel generally is inert and non-reactive when employed correctly. Potential 
health and safety impacts are usually of a little significance. Thorough consideration of its 
surface wetting properties would bring about the design of products of easy - to – clean 
surfaces thereby less and milder cleaning agents can ensure the expected cleanliness, thus  
saving the workers from constant exposure to the harsh detergents and chemicals  could 
lead to skin irritation and allergy.  

6.4 EFFECTS OF LITERATURE, CHOSEN METHODOLOGY AND 
EQUIPMENT 

The literature survey prior to the commencement of the actual experimental stage in this 
research was a paramount aid to the success but so complicated to arrive at a conclusion 
due to different authors views. The methodology chosen was limited to the available 
modules which truncated further investigations in certain areas.  More commitment of the 
persons with experience in the functional surfaces of materials should be employed all 
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through the stages of measurements taking and possibly the supplier of the contact angle 
equipment technician and programmer to attend to any pressing need so as to avoid 
encountering different time intervals in taking the reading. Less human determinant in the 
results obtained from both the equipment could pose a threat in the reliability of the 
obtained results. 
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APPENDIX 

APPENDIX 1: ISO 25178 parameters readings for 4 specimens 

 

 

PARAMETERS UNITS DESCRIPTION 2B specimen DB specimen 3N specimen 4N specimen 

Sq µm Root mean square height 0.248 0.245 0.399 0.352 

Ssk no units Skewness -1.545 -0.832 -0.781 -0.674 

Sku no unit Kurtosis 7.764 5.625 6.429 3.432 

Sp µm Maximum peak height 1.587 1.099 2.651 1.453 

Sv µm Maximum pit height 2.441 1.864 2.432 1.670 

Sz µm Maximum height 4.028 2.963 5.083 3.123 

Sa µm Arithmetical mean height 0.181 0.186 0.290 0.281 

Smr % Areal material ratio 25.732 50.322 3.080 32.174 

Smc (p = 10%) µm Inverse areal material ratio 0.237 0.282 0.443 0.405 
Sxp (p = 50%. q = 
97.5%) µm Extreme peak height 0.704 0.573 0.988 0.874 

Sal (s = 0.2) µm Autocorrelation length 3.658 2.759 6.300 2.912 

Str (s = 0.2) no units Texture-aspect ratio 0.374 0.042 0.026 0.029 
Std (Reference angle = 
0°) ° Texture direction 12.239 18.294 4.101 34.670 

Sdq no units Root-mean square gradient 0.350 0.310 0.232 0.376 
Sdr % Developed interfacial area ratio 5.214 4.171 3.041 6.347 
Vm (p = 10%) µm³/µm² Material volume 0.006 0.009 0.017 0.009 
Vv (p = 10%) µm³/µm² Void volume 0.243 0.290 0.459 0.414 

Vmp (p = 10%) µm³/µm² Peak material volume of the scale 
limited surface 0.006 0.009 0.017 0.009 

Vmc (p = 10%. q = 
80%) µm³/µm² Core material volume of the scale 

limited surface 0.191 0.204 0.301 0.322 

Vvc (p = 10%. q = 
80%) µm³/µm² Core void volume of the scale 

limited surface 0.196 0.254 0.398 0.361 

Vvv (p = 80%) µm³/µm² Pit void volume of the scale 
limited surface 0.048 0.037 0.062 0.053 

Spd (pruning = 5%) 1/µm² Density of peaks 0.020 0.012 0.006 0.013 

Spc (pruning = 5%) 1/µm Arithmetic mean peak curvature 3.290 2.894 1.220 3.282 

S10z (pruning = 5%) µm Ten-point height 2.738 1.835 3.294 2.038 

S5p (pruning = 5%) µm Five-point peak height 1.038 0.666 1.609 0.994 

S5v (pruning = 5%) µm Five-point pit height 1.700 1.168 1.685 1.044 

Sda (pruning = 5%) µm² Closed dale area 122.573 68.061 504.808 131.317 

Sha (pruning = 5%) µm² Closed hill area 119.113 65.842 482.989 133.948 

Sdv (pruning = 5%) µm³ Closed dale volume 3.991 1.323 22.423 3.743 

Shv (pruning = 5%) µm³ Closed hill volume 4.091 1.352 19.535 3.498 
Sk (Gaussian filter. 
0.025 mm) µm Core functional depth 0.360 0.476 0.551 0.718 

Spk (Gaussian filter. 
0.025 mm) µm Reduced peak height 0.168 0.161 0.246 0.166 

Svk (Gaussian filter. 
0.025 mm) µm Reduced valley depth 0.389 0.285 0.327 0.354 

Smr1 (Gaussian filter. 
0.025 mm) % Peak material portion 8.874 8.309 10.725 6.748 

Smr2 (Gaussian filter. 
0.025 mm) % Peak valley portion 82.398 87.523 87.949 86.249 
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APPENDIX 2: ISO 25178 parameters for the surgical equipment 

 

 

PARAMETERS UNITS DESCRIPTION 

BLUNT 
SHARP 

SCISSORS 
INSIDE 
AREA 

BLUNT 
SHARP 

SCISSOR  

NEEDLE 
HOLDER 

PLAIN 
THUMB 
FORCEP 

TOOTHED 
TISSUE 

FORCEP  

TOWEL 
CLAMP 
HEAD 
PART 

TOWEL 
CLAMP 
BODY 

Sq µm Root mean square height 0.464 0.194 0.447 5.346 15.723 0.192 0.138 
Ssk no units Skewness -0.770 -2.402 -0.820 -2.398 -1.478 -2.609 -2.197 
Sku no unit Kurtosis 4.763 17.662 4.831 30.771 21.813 18.897 15.190 
Sp µm Maximum peak height 1.621 1.217 1.534 53.753 109.578 1.066 1.016 
Sv µm Maximum pit height 2.354 1.997 2.789 106.322 138.786 2.471 1.409 
Sz µm Maximum height 3.975 3.214 4.323 160.076 248.364 3.536 2.424 
Sa µm Arithmetical mean height 0.357 0.120 0.344 3.453 10.461 0.122 0.091 
Smr % Areal material ratio 15.851 44.078 16.632 93.439 88.047 58.924 59.058 

Smc (p = 10%) µm Inverse areal material 
ratio 0.530 0.159 0.549 4.846 13.746 0.155 0.117 

Sxp (p = 50%. q 
= 97.5%) µm Extreme peak height 1.146 0.547 1.086 14.056 43.873 0.577 0.381 

Sal (s = 0.2) µm Autocorrelation length 7.572 3.192 7.656 6.006 6.545 9.212 8.701 
Str (s = 0.2) no units Texture-aspect ratio 0.140 0.282 0.447 0.269 0.284 0.39 0.403 
Std (Reference 
angle = 0°) ° Texture direction 90.825 99.881 84.270 74.176 85.297 86.142 98.818 

Sdq no units Root-mean square 
gradient 0.499 0.357 0.531 0.108 0.089 0.209 0.179 

Sdr % Developed interfacial 
area ratio 9.971 5.316 10.854 0.562 0.592 1.753 1.448 

Vm (p = 10%) µm³/µm² Material volume 0.017 0.008 0.015 0.005 0.004 0.006 0.006 
Vv (p = 10%) µm³/µm² Void volume 0.547 0.167 0.534 0.066 0.008 0.161 0.123 

Vmp (p = 10%) µm³/µm² Peak material volume of 
the scale limited surface 0.017 0.008 0.015 0.005 0.004 0.006 0.006 

Vmc (p = 10%. q 
= 80%) µm³/µm² Core material volume of 

the scale limited surface 0.398 0.104 0.383 0.031 0.026 0.102 0.087 

Vvc (p = 10%. q 
= 80%) µm³/µm² Core void volume of the 

scale limited surface 0.475 0.127 0.465 0.047 0.037 0.119 0.095 

Vvv (p = 80%) µm³/µm² Pit void volume of the 
scale limited surface 0.072 0.040 0.069 0.019 0.010 0.042 0.028 

Spd (pruning = 
5%) 1/µm² Density of peaks 0.022 0.025 0.023 0.006 0.007 0.005 0.007 

Spc (pruning = 
5%) 1/µm Arithmetic mean peak 

curvature 4.351 4.094 5.324 2.207 1.318 6.112 3.938 

S10z (pruning = 
5%) µm Ten-point height 2.116 2.248 2.553 111.086 142.064 1.998 1.598 

S5p (pruning = 
5%) µm Five-point peak height 0.656 0.838 0.732 43.986 66.647 0.539 0.647 

S5v (pruning = 
5%) µm Five-point pit height 1.453 1.409 1.822 67.101 75.417 1.459 0.952 

Sda (pruning = 
5%) µm² Closed dale area 32.038 38.814 25.550 111.843 125.315 82.486 72.314 

Sha (pruning = 
5%) µm² Closed hill area 37.775 41.029 38.079 107.988 109.228 84.958 92.061 

Sdv (pruning = 
5%) µm³ Closed dale volume 0.566 0.503 0.495 0.495 0.413 0.535 0.495 

Shv (pruning = 
5%) µm³ Closed hill volume 0.561 0.517 0.597 0.416 0.284 0.721 0.555 

Sk (Gaussian 
filter. 0.025 mm) µm Core functional depth 0.622 0.599 0.599 5.288 12.971 0.104 0.096 

Spk (Gaussian 
filter. 0.025 mm) µm Reduced peak height 0.198 0.189 0.189 5.200 10.845 0.119 0.083 

Svk (Gaussian 
filter. 0.025 mm) µm Reduced valley depth 0.365 0.453 0.421 6.377 12.890 0.258 0.173 

Smr1 (Gaussian 
filter. 0.025 mm) % Peak material portion 7.588 7.5610 7.561 15.736 13.685 13.358 12.838 

Smr2 (Gaussian 
filter. 0.025 mm) % Peak valley portion 87.114 85.759 85.759 84.391 84.932 84.818 83.522 
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APPENDIX 3: THE IMAGES OF THE SPECIMENS TAKEN FROM INTERFEROMETER 

2B SPECIMEN: 

 

Initial image taken from interferometer   image from mountains map after applying filter 

 

3D view of 2B specimen 
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Volumetric parameters    ISO 25178 standards 
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CONTACT ANGLE IMAGES TAKEN FROM TENSIOMETER: 

 

 

4N SPECIMEN: 

  

Initial image taken from interferometer   image from mountains map after applying filter 
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3D view of the 4N specimen 

 

 
Graphical representation of volume parameters  list of ISO 25178 parameters 
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CONTACT ANGLE IMAGES TAKEN FROM TENSIOMETER: 

 

DB SPECIMEN: 

  

Initial image taken from interferometer   image from mountains map after applying filter 
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3D view of DB specimen 

 

 
Graphical representation of volume parameters  list of ISO 25178 parameters 
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CONTACT ANGLE IMAGES TAKEN FROM TENSIOMETER: 

 

3N SPECIMEN: 

  

Initial image taken from interferometer   image from mountains map after applying filter 
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3D view of 3N specimen 

  

Graphical representation of volume parameters  list of ISO 25178 parameters 



65 
 

CONTACT ANGLE IMAGES TAKEN FROM ONE ATTENSION: 

 

 

IMAGES TAKEN FROM BOTH INTERFEROMETER AND TENSIOMETER FOR THE SURGICAL 
EQUIPMENT: 

BLUNT SHARP SCISSORS: 

  
Initial image taken from interferometer   image from mountains map after applying filter 
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3D view of the specimen 
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Graphical representation of volume parameters  list of ISO 25178 parameters 

 

 

 

 

 

Volume parameters - Roughness (Robust Gaussian filter, 80 µm)
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CONTACT ANGLE IMAGES TAKEN FROM ONE ATTENSION: 

 

BLUNT SHARP SCISSORS OUTSIDE: 

  
Initial image taken from interferometer   image from mountains map after applying filter 
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3D view of the Specimen. 

 
Graphical representation of volume parameters  list of ISO 25178 parameters 
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CONTACT ANGLE IMAGES TAKEN FROM ONE ATTENSION: 

 

NEEDLE HOLDER: 

  

Initial image taken from interferometer   image from mountains map after applying filter 
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3D view of the Specimen 

 
Graphical representation of volume parameters  list of ISO 25178 parameters 

CONTACT ANGLE IMAGES TAKEN FROM ONE ATTENSION: 

Volume parameters - Roughness (Robust Gaussian filter, 80 µm)
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TOOTHED TISSUE FORCEPS: 

  

Initial image taken from interferometer   image from mountains map after applying filter 
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3D view of the Specimen 
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ISO 25178
Height Parameters

Sq 0.0638 µm

Ssk -2.94
Sku 18.8

Sp 0.478 µm

Sv 0.824 µm

Sz 1.30 µm

Sa 0.0361 µm

Functional Parameters

Smr 99.9 %

Smc 0.0443 µm

Sxp 0.191 µm

Spatial Parameters

Sal 16.1 µm

Str 0.596

Std 178 °

Hybrid Parameters

Sdq 0.0641

Sdr 0.185 %

Functional Parameters (Vol…

Vm 0.00342 µm³/µm²

Vv 0.0478 µm³/µm²

Vmp 0.00342 µm³/µm²

Vmc 0.0256 µm³/µm²

Vvc 0.0337 µm³/µm²

Vvv 0.0141 µm³/µm²

Feature Parameters

Spd 0.00354 1/µm²

Spc 1.41 1/µm

S10z 0.835 µm

S5p 0.146 µm

S5v 0.689 µm

Sda 118 µm²

Sha 95.5 µm²

Sdv 0.323 µm³

Shv 0.178 µm³

Functional Parameters (Str…

Sk 0.0278 µm

Spk 0.031 µm

Svk 0.0631 µm

Smr1 12.8 %

Smr2 84.7 %

Spq 0.0146

Svq 0.295

Smq 98.3
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Graphical representation of volume parameters  list of ISO 25178 parameters 

CONTACT ANGLE IMAGES TAKEN FROM ONE ATTENSION: 

 

TOWEL CLAMP: 

  

Initial image taken from interferometer   image from mountains map after applying filter 
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3D view of the specimen 

 

ISO 25178
Height Parameters

Sq 0.242 µm Root-mean-square height
Ssk -1.51 Skewness
Sku 5.54 Kurtosis
Sp 1.08 µm Maximum peak height
Sv 2.53 µm Maximum pit height
Sz 3.61 µm Maximum height
Sa 0.185 µm Arithmetic mean height
Functional Parameters

Smr 54.0 % Areal material ratio
Smc 0.214 µm Inverse areal material ratio
Sxp 0.700 µm Extreme peak height
Spatial Parameters

Sal 10.3 µm Autocorrelation length
Str 0.511 Texture-aspect ratio
Std 93.0 ° Texture direction
Hybrid Parameters

Sdq 0.266 Root-mean-square gradient
Sdr 2.58 % Developed interfacial area ratio
Functional Parameters (Volume)

Vm 0.00505 µm³/µm² Material volume
Vv 0.219 µm³/µm² Void volume
Vmp 0.00505 µm³/µm² Peak material volume
Vmc 0.216 µm³/µm² Core material volume
Vvc 0.171 µm³/µm² Core void volume
Vvv 0.0485 µm³/µm² Pit void volume
Feature Parameters

Spd 0.00861 1/µm² Density of peaks
Spc 6.52 1/µm Arithmetic mean peak curvature
S10z 2.42 µm Ten point height
S5p 0.682 µm Five point peak height
S5v 1.74 µm Five point pit height
Sda 57.9 µm² Mean dale area
Sha 49.2 µm² Mean hill area
Sdv 0.577 µm³ Mean dale volume
Shv 0.352 µm³ Mean hill volume
Functional Parameters (Stratified surfaces)

Sk 0.158 µm Core roughness depth
Spk 0.130 µm Reduced summit height
Svk 0.288 µm Reduced valley depth
Smr1 13.3 % Upper bearing area
Smr2 80.4 % Lower bearing area
Spq 0.0762 Plateau root-mean-square roughn…
Svq 0.401 Valley root-mean-square roughness
Smq 88.5 Material ratio at plateau-to-valley t…

Volume parameters - Roughness (Robust Gaussian filter, 80 µm)
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Vvc 0.171 ml/m2
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Graphical representation of volume parameters  list of ISO 25178 parameters 

CONTACT ANGLE IMAGES TAKEN FROM ONE ATTENSION: 

 

TOWEL CLAMP (b): 

 

Initial image taken from interferometer   image from mountains map after applying filter 
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3D view of the specimen 

 
Graphical representation of volume parameters  list of ISO 25178 parameters 

Volume parameters - Roughness (Robust Gaussian filter, 80 µm)
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CONTACT ANGLE IMAGES TAKEN FROM ONE ATTENSION: 

 

PLAIN THUMB FORCEP: 

  

Initial image taken from interferometer   image from mountains map after applying filter 
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3D view of the surface 

 
Graphical representation of volume parameters  list of ISO 25178 parameters 
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CONTACT ANGLE IMAGES TAKEN FROM ONE ATTENSION: 
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