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ABSTRACT 

The digital imprinting technique is getting more common and has proven its many 

advantages. Clinically though, accuracy issues might arise when contrasting powder 

is applied to a tooth preparation to enhance the surface contrast, and improve the 

scanned image. 

This study aimed to assess the influence of applied powder on the accuracy of the 

scanned image in an in vitro experiment, comparing the use of and non-use of powder 

on a model with minute details. 

The scientific hypothesis was that the use of powder, would lead to a decreased 

accuracy of the digital representation of the model, as derived from the scanned 

image. Thus, t he null hypothesis was that when the accuracy of scans from the 

model, with or without powder, was compared, there would be no statistically 

confirmed difference . 

An acrylic glass model containing a rectangular plate on its flat surface, with a 

thickness of 1 mm was used as a scanning object, representing the preparation margin 

of a tooth. Reference scans were performed for baseline registration. Titanium-oxide 

powder was applied with a hand-held spray gun, with which bursts of different 

duration were given from a fixed position in relation to the object. Digital scanning 

was then performed again, measured and the resulting deviations were registered. A 

confidence interval of 95% was used (i.e. a p-value of 0.05, or less). 

Mean deviations compared to the baseline objects, for a 1 sec burst ranged from 0.05 

µm to 2 µm, (p < 0.402), the 2 sec bursts 0.27 µm to 2.23 µm, (p < 0.324) and the 3 

sec bursts 0.78 µm to 2.72 µm, (p < 0.007).  

The null hypothesis could not be rejected since the use of powder, with short spraying 

durations, did not have a statistically significant negative result on the accuracy of the 

impression. 

 



 
 

3 

INTRODUCTION 

The oral cavity is a unique and very important part of the body and functions mainly 

as the entry of the digestive system and as part of the airways. Apart from that, it 

plays a pivotal role in the ability to communicate and functions as an important 

characteristic of our looks. Problems within the mouth can cause systemic or local 

diseases due to infections or for example bacteraemia, starvation due to loss of 

chewing ability and loss of taste, psychological ill-being (Polzer et al., 2010; Naito et 

al., 2006) because of shame to open the mouth following other people’s rejection 

leading to isolation. To keep up an optimal functionality, daily oral hygiene routines 

are required. However, in some cases no matter how good these routines are and 

usually with the coming of age, dentition deteriorates to a certain degree and teeth 

may be lost. 

The loss of teeth, whether because of extensive deterioration through caries or 

periodontitis, trauma of any kind or genetic defects, may imply for the individual a 

loss of aesthetics and/or a loss of function (Polzer et al., 2010). Within the field of 

prosthetics, we aim to recreate the dentition thus restoring functionality or, as desired, 

aesthetics. Prosthetic treatment involves several steps and meticulous planning. Also, 

the patient must visit the clinician on several occasions, amongst others to test the fit 

of the prosthetic device. Because it is impossible for the patient to be available at any 

given moment, the dentist copies the dental arch by means of impression taking, in 

order to have a patient substitute, a working model of the area of interest, on which 

the next processes are being based. 

Taking oral impressions, when correctly executed, secures a fail free production of 

partial or fixed prostheses, crowns, bridges, inlays, onlays, implants and mouth-

guards. The aim is to create an exact copy of the dentition in order to reach a 

seamless fit between the tooth surface and the prosthetic device, fabricated based on 

that hard copy. That way maximum retention is guaranteed and leakage of substances 

or invasion by bacteria is prevented.  
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Impressions can be taken in two ways, by means of the conventional method with a 

plastic impression material, or in a digital fashion (Seok-Hwan Cho et al., 2015). The 

conventional method comprises the use of an impression tray, which covers the 

dental arch, filled with a plastic two-component impression material, often with a 

high viscosity (putty). This putty is an elastomeric substance, either silicon or 

alginate that solidifies in the mouth around the teeth, thus reproducing the form of the 

dental arch (a negative) from the specific area. This negative thereupon functions as a 

cast to form a gypsum hard copy of the dental arch.  

The digital method uses a wand-like hand-held camera and software to create a 

digital representation of the scanned area. The camera produces images of the teeth 

and translates these to a digital model. Scanners are of different types and work with 

slightly different techniques, the main systems being Cerec, Lava C.o.s., iTero, Trios 

and E4D (Ting-shu and Jian, 2015). Furthermore, the systems can be of an “open” or 

“closed” type, which means that the next step, CAD/CAM, is either incorporated or 

provided by an external source (Ting-shu and Jian, 2015).  

Several studies indicate that accuracy ranges from comparable between the two 

methods, to more accurate and favourable for the digital approach (Seok-Hwan Cho 

et al., 2015; Boedinghaus et al., 2015; Papaspyridakos et al., 2015; Almeida et al., 

2014). Although the conventional technique is a secure and accurate way with a very 

long practical history and proven reliability, it has some disadvantages. The most 

frequent aspects are form instability, hygiene issues, air bubbles and patient dis-

comfort (Wismeijer et al., 2014). Also, insufficient polymerization can occur and in 

general the whole technique involves multiple steps creating room for errors. 

Conventional technique is also more time consuming (Ting-shu and Jian, 2015; 

Patzelt 2014). Finally, applying and removing an elastomeric impression material can 

create a certain trauma for the dentition by means of aspiration of the nuclei of the 

odontoblasts, causing their degeneration or even disintegration (Stevenson, 1967). 

The frequency, types and combinations of errors have previously been studied and 

are of concern (Samet et al., 2005). Digital technique bypasses the aforementioned 
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disadvantages of the conventional technique. However, this technique is sensitive for 

the skill level of the operator and demands a high initial investment when purchasing 

a scanner. Nevertheless, it seems inevitable that an all-digital workflow is going to be 

the reference in the near future even within dentistry and thus the conventional 

technique will eventually be out-dated. 

Taking a perfect digital impression of the oral anatomy craves apart from skill, a 

meticulous preparation of the oral environment before actual scanning can take place. 

Points of interest here are the flow of saliva, the patient’s ability to open his or her 

mouth, the ability for the operator to see the scan area, the quality of the camera and 

some characteristics of the structures to be scanned. Clinical experience has shown 

that the expansion of the gingiva around the tooth, in order to expose the preparation 

margins, for example by means of the use of retraction cords, must be performed in 

the right fashion. If this cord is left to narrow to the margin, the scanner can consider 

tooth and gingiva as a uniform surface (personal communication: Tomas Lindh, 

Umeå university). In particular, and in relation to this, due to the translucent nature of 

the dentition, intra-oral cameras sometimes have difficulty to read the surfaces, and 

thus producing a less accurate impression. This problem is bypassed by using an 

agent, in most cases a powder consisting of titanium dioxide particles, which 

enhances the reflective properties of the surface. The powder is to be applied as a thin 

layer on the tooth surface. If, however, the layer is to thick it is understandable that 

minor deviations on the tooth surface are being obscured, making it impossible for 

the scanner to accurately record them. This results in undesirable gaps between the 

tooth and the later prosthetic device. Such discrepancies make it easier for bacteria to 

inhabit the site and for cement to be easier dissolved, resulting in further tooth decay 

and loosening of the prosthesis. A tight fit also relates to resistance and retention of 

the prosthetic device. Resistance is the ability to withstand forces in a lateral, apical 

or oblique direction preventing dislodgement of the restoration. Retention is the 

ability to withstand forces in an axial direction thus preventing the removal of the 

restoration along the path of insertion. 
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Powder is applied with a hand-held, gun like device, which contains a reservoir of 

powder and a little airflow-creating fan, controlled by a trigger/button. Through a 

narrow tube the powder is then ejected towards the tooth surface. Because of the 

hand-held nature the operator is solely in control of the amount, duration, distance to 

the surface and subsequently the thickness of the layer. Because the manufacturer 

(3M Seefeld, Deutschland) states that the layer should be as “thin as possible” It is 

because of this the error margins can be created. Furthermore, it was clinically 

established that none of the spray “guns” available at the Department of odontology 

at Umeå university, which were used in this study, despite the fact that all are of the 

same brand and type, were similar with respect to the amount of powder per time unit 

that was ejected. This could be troublesome for clinics with multiple scanners where 

dentists have to share the devices. Operator calibration can then be hard to establish 

unless the spray guns are calibrated. In this study the same spray gun was used 

throughout the experiment. 

The aim of this study was to determine what effect the application of powder would 

have on the precision of the digital impression, i.e. how thick the layer could be 

without detrimental effect on the accuracy of the digital replica, or how thin it 

minimally could be applied. At the time of the start of the current study, only one 

other study was found which has been performed in line with this aspect (Quaas et 

al., 2005). The conclusion from that study was that the resulting deviations negatively 

influenced the accuracy of the optical digitized scan surfaces. 

In this study it was hypothesised that the use of powder for improvement of the 

optical characteristics of a surface, would lead to a decreased accuracy of the 

subsequent resulting model. 

The null hypothesis was that when the accuracy of a scanned model with either a 

powdered surface or a non-powdered surface is compared, no statistical relevant 

difference can be obtained. 
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To establish the clinical relevance of the differences noted in the experiment with the 

digital scanner, a secondary test with clinical probing was performed. The hypothesis 

for this test in the study was that none of the participants would be able to detect 

margins less than 20 µm. 

 
 
MATERIALS AND METHODS 

Literature search 

A literature search for related articles was performed on several databases including 

Cochrane and PubMed using the following MeSH terms; Dental impression 

technique, digital. As well as the terms: Titanium dioxide, powders, dental explorer, 

sensitivity, accuracy, precision, and cement film thickness, and bonding strength. The 

searches were performed without language restrictions. Out of the 180 available 

articles 28 were deemed relevant to this study. Manual searches were done on 

references found in the relevant articles, giving another 4 relevant articles. 

Materials and methods 

To establish an easy to handle representation of a prepared tooth with a preparation 

margin like shape, a Plexiglas’s model in the form of a disc was used. The bottom flat 

surface had a threaded hole in it in order to attach it with a screw to a fixed bench, a 

vice or table. The upper flat surface contained two triangular formed grooves, 

running the whole length of the model, one of 15 µm and the other 20 µm wide (see 

appendix). Due to the properties of Plexiglas’s and the subsequent process of 

opaquing, these grooves were deemed non-usable for this experiment. On the same 

surface a plexiglass rectangular plate was glued with the dimensions 5.400 mm, 8.480 

mm and 1.000 mm (height), which would serve as a suitable scan object.  

To bypass the translucency of the material, without creating a false influence of the 

titanium dioxide powder, the upper surface containing the plate was sprayed with a 

primer paint, using a technique in which a nebula of paint is formed in order to obtain 
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the thinnest layer possible. (Spraycan Primer, Biltema Sweden). A reference scan 

could then be performed using 2 scanner types (3M ESPE true definition scanner and 

3M ESPE Lava COS, 3M ESPE, Seefeld, Deutschland). To come to a gradually 

smaller distance between the gingiva and the marginal edge, i.e. simulate a lesser 

accurate placing of the retraction cord, small secondary plates with thicknesses 

ranging from 1010 µm to 1035 µm with 5 µm increments were placed adjacent to the 

plexiglass’s plate of the model. These plates were handmade out of different sheets of 

paper, each with a different thickness. Sheets were glued together to the desired 

thickness and after that cut to size so they could be placed in a tight position on the 

model, beside the Plexiglas’s plate. The thicknesses of these plates were measured 

using a micrometre (Filetta (0.001 mm ISO 9001-2008), Schut Geometrische 

meettechniek bv, Netherlands). Thus, sticking out slightly over the surface of the 

plate, a margin was obtained. These compositions were then scanned without the 

appliance of powder and later with powder. Titanium dioxide powder was applied 

using a hand-held spray gun (3M true definition sprayer, 3M ESPE, Seefeld, 

Deutschland) with bursts of 1 sec, 2 sec and 3 sec. Bursts were given with a constant 

distance of 2 cm throughout the experiment to ensure homogeneity in the thickness of 

the layers. Scan results were directly displayed on the scanner screens and in first 

instance visually interpreted by the observer, distinguishing either a visible, nearly 

invisible or invisible margin. Thereafter the files created by the scanners were send 

over to a dental lab where the margins could be measured by hand operated mouse 

pointing, with the help of software (3Shape 3D viewer v 1.2.5). Scanning and 

measuring using the software was performed by one and the same person/observer. 

The results are documented in Table 1. 

Probing test 

Ten students, attending the odontological educational program at Umeå university, 

were asked to participate on the basis of convenience and availability The students 

were asked to probe the model's plate with each of the secondary plate placed 

adjacent to it. All the available plates were each tried in turn. The students did not 
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know which secondary plate was placed and were asked only to report if a margin 

was detectable or not. Every participant used the same new dental explorer. Results 

were recorded in Table 2. 

Ethical Considerations 

The current study was an in vitro study in which no human or animal subjects were 

involved in the experiments. The Ethics Forum at the Department of Odontology, 

Umeå University, Sweden deemed that appropriate ethical considerations had been 

integrated into this project. The tools, methods and the materials used in the study 

with the exclusion of the Plexiglas’s model are intended for and have since long 

(1987) been integrated in clinical use. A potential benefit of this study might be a 

further understanding and development of accuracy related to future practical clinical 

routines. The author declares no commercial or financial interest in relation to this 

study. 

Statistical analysis 

The initial results were recorded in Microsoft Excel using tables. IBM's SPSS version 

24.0.0.0 software was used for statistical analysis, calculations and tables. A p-value 

of 0.05 for experiment 1 and 2 was set and significance was determined through the 

Mann-Whitney U (rank 2 tailed) test for the main experiment. The Mann Whitney U 

test was chosen on the basis that the data did not show a normal distribution as well 

as the small sample size (<20). Statistical outcomes are presented in Figure 1. The 

significance of the probing experiment was done with a Chi square test, results of 

which are presented in Figure 2. The Chi square test was chosen on the basis that the 

results were binary and the sample size >5. 

RESULTS 

The values of the measurements of the main experiment are presented in Table 1, the 

second experiment in Table 2. The results of the statistical analysis are presented in 

Figure 1. However due to reasons unknown but presumably technical problems on 
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the first occasion and accidentally deletion of the files by a third party on the second 

occasion, all data from the Lava Cos scanner was lost. Table 1 therefore only 

contains data from the True definition scanner and statistical analysis could only be 

performed for the 3M true definition scanner.  

Scanning without the application of powder  

Both scanning systems showed similar visual outcomes (on screen). The measuring 

results of the 3M true definition scanner are presented in table 1. Scanning margins 

with a difference ranging from 35 µm down to 15 µm were clearly visible on screen 

when using both scanners. A thickness of 10 µm was visible but less clear to see. The 

software aided measurements give a solid indication of the accuracy of the measuring 

method, considering a maximum average deviation of 1.51 µm for the reference 

scans, however with an error range between 1.9 µm upwards to 0.9 µm downwards. 

Scanning with the application of powder  

When applying powder in the same setups both systems again were giving similar 

results (on screen). These outcomes (3M true definition) are also included in table 1. 

A thickness of 15 µm and a powder burst of 1 sec shifted the result to nearly invisible 

on the screen. Measuring with the software though gave a deviation of only 2 µm. 

Thicknesses of 10 µm and below were invisible on screen, while measuring still gave 

adequate results of 0.05 µm to 0.78 µm deviations. Increased spraying time did have 

a negative effect. A thickness of 15 µm and a powder burst of 2 sec gave the result 

invisible. However, a thickness of 20 µm with a 3 sec burst was still visible. Overall 

mean deviations with a 1 sec burst ranged from 0.05 µm to 2 µm, the 2 sec bursts 

0.27 µm to 2.23 µm and the 3 sec bursts 0.78 µm to 2.72 µm. 

Probing test 

Down to a margin thickness of 20 µm, all the participants could detect a margin. 

With a margin thickness of 15 µm, 8 participants detected a margin. At a margin 

thickness of 10 µm, only three participants could detect a margin. Smaller margin 

thicknesses than 10 µm, could not be detect at all.  
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DISCUSSION 

In the present in vitro study the main goal was to assess the influence of titanium 

dioxide powder on the ability of two digital impression systems to accurately 

replicate a scanned surface. Only one study analysing the influence of powder has, to 

the knowledge of the author, been performed earlier (Quaas et al., 2005). Powder is 

applied with the aid of a spraying device and it is because of the hand-operated 

fashion that the skill of the operator could influence the thickness of the layer. The 

focus in this study therefore was to determine how the time factor and thus the 

amount of powder applied influences the scanners ability to actually differentiate the 

margins covered. A 1 sec powder burst with the margin of 15 µm gave a certain 

effect of invisibilisation (on screen). Margins of 10 µm, although even without 

powder hard for the systems to detect, became completely invisible (on screen) after 

a 1 sec burst. Through the measuring software though deviations comprised no more 

than just under 3 µm, which is far below the limitations of the milling machines 

capabilities. The results show that powder does have a negative influence on accuracy 

although negligible, and therefore only in theory support the scientific hypothesis. 

However, the differences were only significant for a three second burst but not 

significant for the one second and only in some outcomes for the two second bursts. 

The null hypothesis is therefore supported and the scientific hypothesis rejected.   

It is critical that the operator uses the spray gun in the right fashion and gives bursts 

lasting no longer than one second on each surface of the tooth in question. Scanning 

of multiple teeth becomes even more significant due to the motion required to scan 

all the involved surfaces. Because of this motion and therefore prolonged burst, every 

single surface might be exposed longer. The manufacturers' instructions for handling 

the spray gun of the systems state that the layer applied should be “as thin as 

possible” and the spraying time “as short as possible”. In practice burst duration does 

stay under the 1 sec limit. There are systems on the market functioning without 

powder. Powder however gives the surfaces just the right properties for a successful 

scan from the first attempt, which might be compromised when the scanner cannot 
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“see” clearly due to extensive translucent areas. The time it takes to powder spray the 

surfaces is less than performing a new scan when some areas could not be read. 

One might pose the question of how important it is with accuracy on a 15 µm scale or 

even less. Even fabricating using CAM techniques (milling or stereo lithography 

(SLA)) down to these measurements is challenging (Tapie et al., 2015; Patzelt et al., 

2014). Furthermore, a margin of 30 µm is considered to be very good as there is a 

general acceptance on gaps from 100 µm to 150 µm as being clinically acceptable 

(Abdel-Azim et al., 2014; Pradies et al., 2015; Arnetzl and Kern, 2013). Any gap will 

be filled out by cement in the bonding process, either completely in the best case or 

partially. Cement will also in time be dissolved by saliva and nutritional elements 

causing loss of adhesive power and thus possible loss of the prosthesis. (Breschi et 

al., 2008). Cement, as an intermediate between two surfaces that we want to bond 

together, functions optimally if it is as thin as possible, at least when using zinc 

phosphate. Film thicknesses of 25 µm to 50 µm as a mean value are rarely seen, 90 

µm to 100 µm is more common or to be expected in general and the maximum grain 

size for a Zinc-phosphate particle is 25 µm (Fransson et al., 1985). The available 

literature regarding composites indicates an optimal film thickness of 50 µm -100 µm 

(Molin et al., 1996; Fransson et al., 1985; Karlsson 1993). This is well above the 

abilities of the scanners, even with a sloppy handling of powder. This indicates that 

the practical application of powder doesn’t have to be as meticulous as first assumed. 

Then there is the question of whether or not margins are detectable with a dental 

explorer. The experiment performed shows that sharp margins, as used in this study, 

are in general detectable down to 15 µm, and sometimes even detectable down to 10 

µm. This in contrary to the assumptions made by the authors of an earlier study 

(McLean et al., 1971) but reasonably in line with the findings in another study 

(Jahangiri et al., 2005; Rasatogi et al., 2011). A study from 1985 (Newitter et al., 

1985) investigated the differences in sensitivity and specificity of a modified explorer 

and a conventional explorer, which showed an average sensitivity of 74 % for the 

modified model and 44 % for the conventional type. The specificity outcomes were 
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67 % and 78 % respectively. The kappa values were low overall: 42 % and 20 % 

respectively. These outcomes show that probing might be very individual and thus 

oppose an uncertain accuracy. However, the values from this study (Fleiss' kappa 

equals 68 %) are almost equal to the digital accuracy and could therefore at least be 

used as a cross reference for the scan result shown on the screen. What is visible on 

the scanner screen can actually clinically be established by the explorer, and is 

therefore a reliable accurate representation of the preparation surface. The Chi square 

test gave statistically significant (p ≤ 0.001) outcomes on all but level 10 µm (p < 

0.211), giving strong evidence against the hypothesis down to the 20 µm levels. For 

levels below 20 µm the hypothesis remains either partially valid (15 µm and 10µm) 

or valid (below 10 µm). 

Presumably due to the characteristics of the model's material even after treatment 

with the primer paint, the grooves of the model could not be used for scanning. This 

same model has been used in a parallel-performed study in which VPS materials were 

used (Mohammadi and Nguyen, 2016). That study showed that the VPS material 

didn’t have difficulties to reproduce the grooves. As shown in these study, deviations 

down to at least 0.1 µm are detectable for the scanners so the reason for the inability 

remains unanswered. For the scanners to detect the same shape of the grooves, 

another material could be used. As the model is a one off, and the techniques to 

manufacture a similar object were not readily available, obtaining a better-suited 

model was impossible at the time. Undebatable conclusions as to if the digital 

impression technique is more or less accurate compared to the conventional technique 

can therefore not be drawn in this study, something a future study could focus on. 

Encountered difficulties 

Scanning with a digital intra oral scanner has numerous advantages over the analogue 

method. The scanners used in this study however rely on a few technical aspects that 

need to be fail free. A scan made is in first instance saved on the systems hard drive. 

The next step for the medical professional is to send the file over to the server at the 

service-centre of 3M through an electronic medical prescription generated from the 
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file. This requires a solid good working and fast internet connection. If the file is not 

sent within 7 days for whatever reason, the service-centre must be contacted. The on-

board computer cannot be accessed. In the meantime, if either there is a malfunction 

or another operator deletes the files on the scanners computer, the service-centre 

cannot retrieve the data and the patient has to be scanned again. The files when 

received by the service-centre are in third instance sent to a dental lab for further 

assessment, meaning another error source. In this study files from the Lava Cos 

machine were lost and irretrievable. The results might have been different when both 

systems could have been used even though 0n-screen results were identical. A future 

development should include more possibilities to create back-up files. 

Apart from this and the fact that the spray guns were not functioning uniformly, there 

was another interesting matter. When measuring the margins with the aid of the 3M 

software there were some issues to consider. Due to the materials used (paper) the 

surfaces were not homogeneously in size and sharp edges were rare when looking at 

the cross sections on the screen. This required finding a representative area where an 

optimal step-like shape was visible. This was both time consuming and may lead to 

further in-accuracy. However, the clinical situation will be similar and because of the 

amount of possibilities to choose a measuring point the negative effect on the 

outcome is deemed neglectable. 

Conclusion 

Digital oral scanning is a fast expanding technique with some advantages over the 

conventional analogue technique. For instance, patient comfort, better hygiene, more 

precise jaw-registration and easier transferability to the dental laboratory. In terms of 

accuracy both techniques are similar provided the right parameters can be 

established. The use of powder, when applied in the right fashion, does not have a 

statistically significant negative result on the accuracy of the digital impression. 
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Table 1. Scan results for the 3M Espe true definition scanner. 10 scans for each object were 
performed, a mean value was calculated and the mean deviation was compared to the reference 
scans where no powder was used. All measurements are in µm. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

Table 2. Results from the probing experiment. 10 participants used the dental probe to explore the 
margins ranging from 35 µm to 5 µm. Ability to detect the margins was recorded as a positive 
answer, not detectable margins were recorded as a negative answer. 

 

 
 

 
 

MEASURE 1 MEASURE 2 MEASURE 3 MEASURE 4 MEASURE 5 MEASURE 6 MEASURE 7 MEASURE 8 MEASURE 9 MEASURE 10 MEAN MEAN DEVIATION

Reference scan bare object 1000 micron 999.7 1000 1000.2 1000.1 1000.2 1000.2 999.9 999.8 999.9 1000.3 1000.03 -0.03
Object + strip 1035 micron 35.1 35.3 35.3 35.1 34.8 35 35.1 34.9 35.3 35 35.09 -0.09
Object + strip 1025 micron 24.5 25.2 25.8 25.1 25.2 24.5 25.2 25.7 25.1 24.9 25.12 -0.12
Object + strip 1020 micron 21.9 21.7 21.4 21.6 20.5 21.9 21.7 22.4 21.4 20.6 21.51 -1.51
Object + strip 1015 micron 15.5 15.2 15.4 14.8 14.6 14.8 15.2 15.3 14.8 14.5 15.01 -0.01
Object + strip 1010 micron 10.4 9.1 9.9 10.3 10.6 10.4 9.7 9.9 10.3 10.6 10.12 -0.12

Object + strip 1035 + 1 second burst 35.3 34.8 35.3 34.9 35.1 35.2 34.6 34.8 34.9 34.9 34.98 0.11
Object + strip 1035 + 2 seconds burst 34.1 35.5 33.1 37.2 34.7 34.1 35.4 34.2 35.2 34.7 34.82 0.27
Object + strip 1035 + 3 seconds burst 32.7 33.2 32.2 33.1 33.4 32.2 32.2 33.2 33.1 32.5 32.78 2.31

Object + strip 1025 + 1 second burst 24.9 25.4 23.7 24.5 24.1 24.9 26 24.7 24.5 24.1 24.68 0.44
Object + strip 1025 + 2 seconds burst 25 24.3 23.5 23.7 24.2 25 24.3 23.4 23.9 24.2 24.15 0.97
Object + strip 1025 + 3 seconds burst 24.6 24.7 23.5 22.9 22.7 24.8 24.7 23.5 24.9 24.2 24.05 1.07

Object + strip 1020 + 1 second burst 21.5 21.6 21.7 21.3 20.6 21.4 21.1 22.2 21.3 20.4 21.31 0.2
Object + strip 1020 + 2 seconds burst 19.2 21 19.4 19.1 19.7 20.1 20.9 19.4 19.6 19.1 19.75 1.76
Object + strip 1020 + 3 seconds burst 18.1 20.4 20.6 19.8 19.6 18.1 19 20.6 19.8 19.6 19.56 1.95

Object + strip 1015 + 1 second burst 13.4 12.7 12.8 11.9 12.6 13.4 12.7 13.8 13.2 13.6 13.01 2
Object + strip 1015 + 2 seconds burst 12.9 12.9 12.1 12.5 12.7 12.9 12.5 12.6 13.2 13.5 12.78 2.23
Object + strip 1015 + 3 seconds burst 12.3 11.5 11.7 11.9 12.1 12.3 12.5 12.6 12.9 13.1 12.29 2.72

Object + strip 1010 + 1 second burst 10.3 10.1 9.9 9.8 10.2 10.5 9.8 10.1 9.9 10.1 10.07 0.05
Object + strip 1010 + 2 seconds burst 10.2 8.7 9 10.1 9.6 10.9 9.1 9.2 10.2 10.3 9.73 0.39
Object + strip 1010 + 3 seconds burst 9.8 10.1 8.7 8.5 9.1 10.1 9.8 8.8 9.2 9.3 9.34 0.78
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Fig. 1 

 
 

Fig. 1: Statistical outcomes of the Mann Whitney asymptotic 2 tailed rank tests for experiment 1 

showing the p values of each of the spraying durations. A one s burst is only statistically significant 

with 15µm, the two second burst is statistically significant with 25µm, 20µm and 15µm and the 

three s burst makes a statistically significant difference overall. 
  

Burst	  duration 1	  second 2	  seconds 3	  seconds

Plate	  size

1035	  µm	   0.249 0.324 0.000

1025	  µm 0.080 0.001 0.003

1020	  µm 0.224 0.000 0.000

1015	  µm 0.000 0.000 0.000

1010	  µm 0.402 0.120 0.007
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Fig. 2 
 

 

 

Fig.2: The statistical analysis of the probing test. For the sizes 35µm through 15µm the chi square 
test was usable and gave statistically significant results. For 10µm the chi square test became 
uncertain, thus requiring the Fisher's test instead, giving a statistically insignificant result. 
 
  

Test Pearson	  Chi	  square Fisher	  exact	  sig.	  (2-‐sided)

Plate	  size

1035	  µm	   0.000 0.000

1025	  µm 0.000 0.000

1020	  µm 0.000 0.000

1015	  µm 0.000 0.001

1010	  µm 0.060 0.211
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Appendix 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
The plexiglass model in two different orientations. The bottom picture also includes the strips. 
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The 3M true definition scanner with 
a close-up of the screen 

The 3M Lava C.O.S. scanner 
The 3M powder gun 

The 3M true definition camera 


