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Abstract

Introduction

The use of musculoskeletal Ultrasound (MSU) has been increasing amongst physiotherapist. The
efficacy of MSU as a biofeedback training tool diaphragm muscle has not yet been evaluated even
though it is a muscle known to be vital in contributing to spinal stability. Before assessing the
effectiveness of MSU as a biofeedback training tool of the diaphragm, it is essential to investigate the
inter-rater reliability to guarantee dependable results. In addition; the influence of the professional
background amongst raters while using MSU has not yet been evaluated. Therefore this study will
address the following question: What is the inter-rater reliability amongst students of three different
paramedical backgrounds (Speech therapist, Physiotherapist and Radiologist-assistant) of MSU when
measuring the thickness of the diaphragm during respiratory pause, full inhalation and full exhalation.

Method

A number of 65 healthy participants from Fontys University of Applied Sciences were recruited via
email and social media. MSU was performed by three raters of different paramedical background
(Radiologist assistant (MBRT), Speech therapist (ST) and Physiotherapist (PT)). The thickness
measurements were taken from the right diaphragm in respiratory pause, full inhalation and full
exhalation. Inter-rater reliability (defined by ICC) was then calculated amongst the three assessors.

Results

The inter-rater reliability amongst the three raters together was from fair reliability (ICC= 0, 4 - 59) to
excellent reliability (ICC=0, 75-1) with values ranging from 0,472 (p <0.000) in full exhalation to 0,659
(p<0.000) in respiratory pause and 0,761 (p<0.000) in full inhalation. When comparing the professional
background lowest ICC is found between the PT and MBRT in full exhalation with 0,276 (p<0.001)
indicating poor reliability (ICC>0, 4), following by the PT and ST in full exhalation with 0,410 (p<0.002).
The highest ICC score was found between the MBRT and SP in full inhalation with a score of 0.760
(p<0.000) indicating excellent reliability (ICC=0, 75-1)

Conclusion and recommendations

The results obtained have confirmed a relatively good inter-rater reliability while measuring the
diaphragm thickness using MSU, and without taking into consideration the professional background.
However, this research cannot conclude in inter-rater reliability amongst the three professions.
Therefore, this study recommends assessing the inter-rater reliability with at least 3 raters per
professional background who received a course of MSU from an expert within their field.

Key words

Musculoskeletal ultrasound, inter-rater reliability, diaphragm thickness, speech therapy, radiologist
assistant, physical therapy, low back pain
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Introduction

Low back pain is an extremely common problem nowadays; the lifetime prevalence is 80% of the
population (1)(2). It is seen to be the primary cause of activity limitation and work absence in the
world(3). Low back pain is not a burden only to people suffering from it, it places a high load on the
economy; the costs in Europe have been estimated to exceed 12 billion Euros every year(3)(4).Core
instability is seen as a possible underlying cause of low back pain.(5) Core stability is defined as “ the
ability to control the movement and position of the muscles of the central ‘core’ of the body which are
responsible for posture and limb movement(6).” The core consists of the abdominal wall, the lower
back, the pelvis and the diaphragm muscles; together they maintain the body’s usual position during
physical activities(7). Wang X-Q. et al, proved that the effect of core stability exercises is very effective

in decreasing low back pain and improving physical function.(8)

The diaphragm is a very complex core muscle and is well-known for its vital importance in the process
of respiration by being the primary muscle of inspiration(9). In literature, it is described as the roof of
the entire core muscles, with the pelvic floor serving as the base.(5) When training core stability, the
diaphragm is often overlooked by physical therapists (10)(11)(9). Nevertheless, it is demonstrated that
contraction of the diaphragm increases intra-abdominal pressure, thus complementing to spinal
stability(12). O’Sullivan et al described that people with sacroiliac pain have weakened recruitment of
the diaphragm and pelvic floor(13). In addition, Kolaf.P et al, concluded that patients with low back
pain, have an unusual position and a steeper slope of the diaphragm, which possibly takes parts in the
etiology of the disorder(14). Diaphragmatic breathing techniques are used to minimize the usage of
accessory muscles and to strengthen the diaphragm and improve standing posture(15)(16).Thus,

diaphragmatic breathing techniques are an essential part of a core-strengthening program(13).

However, a difficulty encountered while training the inner core is that one easily has the tendency to
compensate with the dominant superficial muscles(17)(11). Musculoskeletal ultrasound (MSU) is a
device that provides images of the soft tissues in the body by using sound waves (18). It gives the
possibility to provide visual biofeedback of muscular contractions and therefore it decreases the
compensation mechanism of the dominant superficial muscles(19). In fact, Richardson CA et al,
describe that real-time MSU imaging can be used to give visual biofeedback and increase
performance and maintenance in the ability to activate the lumbar multifidus muscles in healthy
subjects (19) The lumbar multifidus are deep core muscles of the lower back and as well as the
diaphragm, dysfunction of these muscles are strongly linked with lower back pain(20). Thus, it is
interesting to evaluate the efficacy of MSU as a biofeedback training tool of the active lumbar
stabilizing system, more precisely for the diaphragm muscle. MSU is used more frequently in several
healthcare professions including physical therapy(21)(22). Physical therapists use therapeutic
ultrasound mainly to assist the repair of soft tissue in sports injuries. Nonetheless, recently they

increased the utility of the device into a diagnostic tool. MSU can therefore facilitate the screening
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process as well as assess the patient’'s muscular volume and test their motor activation; in addition it
is utilized to give biofeedback to both the therapist and the patient in rehabilitation(22)(23)(19). In
speech therapy the use of MSU is currently uncommon; however Bernhardt MB et al concluded that
MSU shows positive results as a visual feedback tool in speech therapy(24). Additionally, Shawker et
al described that the use of MSU as a biofeedback tool to correct speech defects is a good addition to
the profession(25). The increasing use of MSU in healthcare professions can be explained by its
numerous advantages; the evolution of ultrasound technology and increasing accessibility due to
lower cost. Furthermore; portable ultrasound machines and real time two dimensional visualization

being performed more, without difficulty on the diaphragm at the bed side.(26)

Before being able to evaluate the effectiveness of MSU as a biofeedback training tool of the
diaphragm, it is essential to first establish standard reference values and to investigate the inter-rater
reliability to guarantee dependable results. B mode imaging in medical terminology is “ A two-
dimensional diagnostic ultrasound presentation of echo-producing interfaces in a single plane”(27)
Harper CJ et al ,used B mode imaging of the diaphragm, to establish norm values of the diaphragm
thickening with tidal breathing in healthy subjects(28). Nevertheless, the study obtained the inter-rater
reliability by having two examiners without specified background experience; perform MSU on the
subjects. As a result it is interesting to assess the inter-rater reliability of the MSU imaging of the
diaphragm; highlighting the research being done by three students of different backgrounds such as
physiotherapy, speech therapy and radiologist-assistant. Further on, the measurements will be taken
at maximal inhalation, maximal exhalation and respiratory pause as it is the most reliable standardized
breathing moments and when most significance dissimilarity will be distinguished. Latterly, a possible
use of these values on the purpose of biofeedback tool on patients suffering from low back pain could
be introduced.

Therefore; this study will address the following research question: What is the inter-rater reliability
amongst students of three different paramedical backgrounds (Speech therapist, Physiotherapist and
Radiologist assistant) of MSU when measuring the thickness of the diaphragm during respiratory

pause, full inhalation and full exhalation?



Physiotherapy 2016- Bachelor Thesis, Emilie Vallance

Method

Study design:

This is an experimental research performed at Fontys University of Applied sciences, Eindhoven. The
aim was to test the inter-rater reliability through measuring the diaphragm thickness of the subjects’
between three students with the following study background: physiotherapy, speech therapy,

radiologist-assistant.

Participants:
Process of selection

Participants were recruited from the English/Dutch stream of physiotherapy, speech and language and
radiology- assistant students from Fontys Paramedische Hogeschool. If interested they were
contacted via email (see Appendix I), the email included an attachment (see Appendix Il) containing
further information for the subjects who were interested to be part of the research experiment. In
addition, announcement on social media was sent for extra participants and graduated students.
Furthermore verbal invitation was given at Fontys University and around Eindhoven. It was followed by

the same email as described above for those who were interested.

Inclusion criteria

1. Healthy young adults
2. Ages between 18 and 28 will be selected for this study: Keeping the participant’'s age

population in a close range, excludes a too high variability in diaphragm motion(29).

Exclusion criteria

1. Onset of lower back complaints in the last 6 months: Patients with low back pain can have
an abnormal position and a steeper slope of the diaphragm, which influence the diaphragm
thickness.(14)

2. No voice problems or dysphonia: As the diaphragm is a vital muscle for respiration, the
thickness and tension might be influenced if one is suffering from voice disorders. Therefore as
the aim is to investigate standard reference values every compromising factor was excluded.
(30)

3. No asthma: In asthmatic people, the inspiratory muscle function of the diaphragm is reduced
because of hyperinflation. In this case, the shortening of the muscles, which create a force
momentum, is impaired. Thereby, the load on the inspiratory muscles is increased while the
ventilator capacity is decreased, which in time will lead to muscular fatigue(31).

4. No paralysis and weakness of the diaphragm: The symptoms of diaphragmatic paralysis or
brutal weakness of its muscles often remain overlooked. In contrary to a normal functioning

diaphragm, the abdominal wall moves inward during inspiration therefore it leads to a different
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diaphragmatic thickness. Therefore if subjects had abdominal pain, dyspnea only with effort or
respiratory insufficiency; which are the main symptoms of the disorder they did not take part into
the study (32)

5. No diagnosed neuromuscular diseases: Neuromuscular disorders can affect the respiratory
system and its function. More precisely, myopathic and neurophatic diseases can target the
diaphragm which provokes weakness of its muscles(33)

6. Pregnant’ participants: Pregnancy influences the diaphragm for the reason that the uterus
might take more space in the abdomen which will lead to the fact that the diaphragm will have
less space to enlarge the lungs(34)

7. Previous diaphragm surgery: Cardiac, thoracic or abdominal surgeries can have an effect on
the adequate functioning of the respiratory muscles. In fact, surgery can be the cause of volume
displacements between the abdomen and the thorax. Therefore, the natural curvature of the
diaphragm is changed which results in a decreased generation in pressure during respiration(35)

8. BMI >30kg/m2: BMI is affecting the diaphragm motion therefore a BMI <30kg/m2 is inquired for
the research(29).

Before the experiment took place, an informed consent was given to the participants. After full
understanding of the requirements of the study, the participants signed it to prove their voluntary

participation in the research.

Ethical aspects

The participants of the experiment study were not harmed in any way therefore the study is non WMO
obligated. Ultrasound is a non-invasive device; therefore there were no risks for the participants being
involved in this research experiment. In addition, the researchers had an approval from Fontys
University of Applied Sciences to assess norm values and inter-rater reliability of the diaphragm
thickness for MSU ultrasound research. After full understanding of the research procedure received by
email (see Appendix I,II), the test subjects were requested to sign an informed consent before the

testing procedures started. The data collection was handled confidentially and remained anonymous.

Measurement tools:

All measurement tools below were provided by Fontys University of Applied Sciences from the

physiotherapy and MBRT department.
1. Musculoskeletal Ultrasound machine

The ultrasound machine ProSound Alpha 7 from Aloka (Germany 2012) was used to
scan the diaphragm, with the purpose of measuring its thickness(36). Two-
dimensional B-mode ultrasound was chosen to measure diaphragm thickness at the
zone of apposition during full inspiration, full expiration and respiratory pause using
the intercostal view. The gain 88 (SD: 5), depth range (4-5) and the contrast 18 (SD:
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2) were chosen according to the best view of the diaphragm recorded during practices.

The choice of this equipment can be justified by the fact that it provides high-resolution images of
muscle movement, thickness measurements of individual muscles and echogenicity and is

harmless for participants. B mode was chosen for its real time imaging capacity.(37)
2. Transducer

Ultrasonic transducers are essential in the research to send and receive the sound wave signal
and to give a real time image of the diaphragm muscle. To measure the thickness of the
diaphragm in an intercostal view, a high frequency (11-12 MHz) linear-array transducer was
needed.(37)

3. Gel

A gel “sonogel”, consisting mostly of water was applied on the participants to scan their
diaphragm. The reason for using the gel is to transmit the sound waves from the ultrasound head
to the skin without crossing through the air which creates a clear image of the diaphragm for the
practitioner.

4. Remaining equipment and facility :

= Available double room to create more privacy and a more welcoming environment.

= Tissue paper/baby wipes were used to remove the gel after data collected for hygienic
reasons and comfort.

= Dividers between each ultrasound station for the participants privacy.

= New USB sticks as MSU doesn’t have an anti-virus software program.

= Chocolate bar will be handed out as a reward for their participation.

Research procedure:

Participants were invited to Fontys Paramedische Hogeschool via email for a maximal duration of an
hour. Time and date of the experiment were communicated beforehand. The participants received
information about the procedure of the experiment; after full understanding they will sign an informed

consent (Appendix IlI).

All tasks of the procedure were divided amongst the 5 students that are part of the research
experiment. Only required information of the flow for this research experiment will be described below;
for the entire group flow: see appendix VI. The testing started after participating in a mini MSU course

of the diaphragm followed by 20hours practice of the students involved.

Once the subjects signed the informed consent, the anthropometric data were collected by one
student in order to define the group population of the study. Then, the subjects received an ID followed
by a verbal explanation of the three different respiration phases (respiratory pause, full inhalation, and

full exhalation) which was taught according to a standardized protocol(38) (see appendix VI).
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Subsequently, they were asked to stand back against the wall, in socks to cancel any influence of the
shoes on the participant’s posture. Their feet were positioned perpendicular against the wall and in
line with the hips; the right arm of the subjects was elevated with the hand on top of his/her head for a

better visualization of the anterior axillary line. Finally, the subjects were asked to look straight forward.

Then, a new patient file was created into the device with the name of the sonographer and
standardized’ settings were adjusted (linear transducer, frequency, gain, contrast and depth). The
MBRT student placed the transducer at the anterior axillary line to obtain a sagittal image at the
intercostal space between the seventh and eighth or eighth and ninth ribs(37). Nevertheless, in order
to capture an optimal image of the diaphragm, the lung shadow was followed during the procedure,
which moved away the transducer from the seventh, eighth and ninth ribs (see image below).
Furthermore, it provided a visualization of both the pleural and peritoneal membranes where the
thickness was taken from the right diaphragm, seeing as that the left one is more difficult to
visualize(37). Each image of the diaphragm were saved and recorded in three phases of the breathing

cycle; 1% respiratory pause, 2nd full inhalation and 3" full exhalation.

After the measurements were taken, the participant moved on to the second station. The same
procedures were repeated, however it was now measured by a physiotherapist student and then to
the third station by a speech therapist student. Lastly the participants were rewarded for their

participation in the research.

The image represents the starting position of the transducer used for this research. As describe
above, the transducer moved according to the lung shadow for best measurements of the
diaphragm. During full inhalation, as the lungs expand the transducer was moved caudally
within the anterior axillary line; contradictory the transducer was moved cranially within the

anterior axillary line in full exhalation.

Image has been taken during the testing

Data collection:

Per participant, the diaphragm thickness was measured in each breathing phase, in the following
order: respiratory pause, maximal inspiration and maximal expiration. To increase the reliability of the
measurements, this procedure was repeated three times on the same participant. Subsequently the
mean of the data collected in the three procedures were calculated; in some case due to a missing
image or due to a low quality of the image, the mean was taken from two measurements. The data
was saved onto a USB stick, for time management and patient’s satisfaction the thickness was
measured after the research had terminated with the help of the program “MicroDicom” software on
windows 8 (39).

To measure the thickness a 5mm line was drawn from the lung shadow following the upper diaphragm
fascia, subsequently a second line perpendicular to the 1% was drawn according to the diaphragm’

fiber orientation(see Appendix IV for images). The testing was terminated when a maximum of 66

10
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participants was reached; the number was raised to + 6 participants as prevention measure; in case
some data were to be excluded. According to the COSMIN checklist, 66 participants is a good sample

for inter-rater reliability study(40).

Data analysis:

The mean of the thickness measurements of each assessor were saved in an SPSS dataset using the
Statistical Package for the Social Sciences (SPSS) version 20 released in 2011 for windows. Before
analyzing the thickness measurements, demographic data were tested for normal distribution with the
Shapiro-Wilk test of normalcy (p<0.05). Subsequently, the same test was used to analyze if the
thickness measurements were normally distributed. To gain a first insight in the correlation of the data;
scatter plots were used for each breathing cycle per assessor, and then the non-parametric data were

placed into box plots.

Then, the inter-rater reliability was acquired by using intra-class correlation coefficient (ICC): (2,k) ,
each participant is examined by each assessors ( a physiotherapist, a speech therapist and an MBRT/
radiologist assistant); and assessors represents in this research experiment, other assessors of the
same carrier field. Reliability was then calculated by taking an average of the three assessors
separately(41). The ICC was calculated using absolute agreement and a confidence interval of 95%.

In order to interpret the values given by SPSS an ICC classification was used(42):

ICC Reliability

0,75-1 Excellent
0,60 - 0,74 Good
0,4 -59 Fair
>0,4 Poor

Values closer to 1 suggest high reliability amongst the three testers.

11
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Results

A post hoc calculation was made in order to know if the correct amount of participant was chosen for
this research experiment. The results of the calculation confirmed 100%power, concluding that the
number of participant was sufficient for the research(43).

After the exclusion of one subject due to higher body mass index (BMI) than the inclusion criteria, a
number of 65 participants remained (n=65). During data collection, a small amount of images were
excluded due to a low quality making it an unreliable measurement, therefore some means were
calculated from two images instead of three. There was a gender distribution of 55% (n=36) female
and 45% (n=29) male. For further information on demographic data see table 1.

The demographic data were tested for normal distribution with the Shapiro-Wilk test of normalcy
(p<0.05). The demographic data (Age, weight, height, BMI) were found to be normally distributed (see
Appendix VII)

Tablel : Demog hic data ; Abbreviations : kilograms(kg);Centimeters(cm

Number of Minimum Maximum Mean +
participants Standard Deviation

Age 22,4+2,3
Weight (kg) 65 49,7 115,7 73,1 +13,2
Height (cm) 65 146 199 174,8+9,7
BMI 65 17,8 31,2 23,8 +3,2

The data were firstly analyzed with scatter plots, in order to compare the thickness values of the
diaphragm found between each assessor (see appendix VIII). Each breathing cycle was analyzed in
scatter plots (Respiratory pause (RP), full exhalation (FE), full inhalation (FI)) for Physiotherapist (PT)
versus Speech therapist (SP); PT versus Radiologist-assistant (MBRT) and finally SP versus MBRT.
Subsequently, the data were tested for normal distribution with the Shapiro-Wilk test of normalcy
(p<0.05) for each breathing cycle per assessors. The results demonstrated that all the data were not
normally distributed beside for RP- MBRT. Therefore, the data is displayed in box plots see figure
1,2,3.

12
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Figure 1 — Respiratory Pause

The data are put into a box plot as they

create a visual distribution of the quantitative
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In this figure, the results of the diaphragm

thickness in the breathing cycle of

respiratory pause is assessed, for each rater
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Figure 2 — Full inhalation

In this figure, the results of the diaphragm
thickness in the breathing cycle of full
inhalation are assessed, for each rater

Figure 3 — Full exhalation
In this figure, the results of the diaphragm

thickness in the breathing cycle of full
exhalation are assessed, for each rater
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The intra-class correlation coefficients (ICC) (2,k) were then calculated to establish the inter-rater
reliability between the three assessors using the two way random model, absolute agreement and a
confidence interval of 95%. Firstly, the ICC of all three raters was assessed together (see table 2).
Subsequently, each assessor was compared one by one to see where the biggest difference amongst
raters could be found (see table3). The results concluded that the lowest ICC’s are during Full

exhalation in both tables; more precisely between PT and MBRT.

Table 2- Inter-rater reliability of the diaphragm thickness comparing PT, ST, MBRT together

Full inhalation Full exhalation

Respiratory Pause

Significant (p-value)

ICC results
p< 0,05 is seen as statistically significant.

Table 3- Inter-rater reliability of the diaphragm thickness comparing each rater one by one
Abbreviations: PT (Physiotherapist); ST(Speech therapist); MBRT(Radiologist-assistant);VS(Versus).

ICC results (p-value) ICC results (p-value) ICC results | (p-value)
0,551 <0.001 0,660 <0.000 0,410 <0.002
0,417 <0.001 0,593 <0.000 0,276 <0.001
0,670 <0.000 0,760 <0.000 0,478 <0.001

p< 0,05 is seen as statistically significant.
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Discussion

The purpose of this study was to assess the inter-rater reliability of the diaphragm thickness with
musculoskeletal ultrasound imaging, amongst three students of different paramedical backgrounds,
during three phases of the breathing cycle. According to previous research, it was hypothesized that
the reliability between the raters, without taking into consideration the professional background, was
excellent ( ICC >0,75)(26) (28).

However, the results of this research do not confirm the hypothesis. The inter-rater reliability (defined
as ICC) of the diaphragm thickness which was assessed between the three raters together,
demonstrated a score of 0,472 (p <0.000) in full exhalation. This indicates a fair reliability amongst all
raters (ICC= 0, 4 - 59). In addition, during the breathing cycle of respiratory pause, the results showed
0,659 (p<0.000), this signifies a good reliability (ICC=0, 60 - 0, 74). Nevertheless, in full inhalation the
ICC is 0,761 (p<0.000) which shows excellent reliability (ICC=0, 75-1). When assessing the reliability
of the diaphragm thickness amongst the three raters compared one by one, the results showed values
ranging from 0,276 (p<0.001) in full exhalation to 0,760 (p<0.000) in full inhalation. These results
indicate values ranging from poor (ICC>0, 4) to excellent reliability (ICC=0, 75-1). More precisely, in
full exhalation ICC range from poor (ICC>0, 4) to fair reliability (ICC= 0, 4 - 59) followed by respiratory
pause ranging from fair (ICC= 0, 4 - 59) to good (ICC=0, 60 - 0, 74) and lastly, full inhalation ranging
from good (ICC=0, 60 - 0, 74) to excellent (ICC=0, 75-1). In summary, by comparing the reliability of
the diaphragm thickness from the three raters together and one by one, it can be stated that full
exhalation was the least reliable of all breathing cycle phases, followed by respiratory pause and full
inhalation. The breathing moment of full exhalation was the most difficult breathing moment to scan for
the three raters during the data collection, as when fully exhaled the diaphragm decreases in thickness
and moves upward into the chest cavity(37). Therefore, the diaphragm is more prone to be hidden
behind the ribs, making it a challenge for the assessors to scan. This could explain the findings of a

poor (ICC>0, 4) to fair (ICC= 0, 4 - 59) inter-rater reliability in the moment of full exhalation.

The results found in this article investigate if the study background of each rater could have affected
the reliability of the findings. Currently, the reliability of MSU amongst assessors of different
professional backgrounds has not been evaluated(44) which explains why this study compared
additionally the reliability amongst raters without taking into account the study background. A detailed
anatomy base is essential when making use of MSU imaging(45). Hence, it could have been
hypothesized that the Physiotherapist (PT) and Radiologist assistant (MBRT) would have the highest
reliability score due to the fact that PT’s have an increased knowledge in anatomy(46)(47) compared
to MBRT and Speech therapist (SP). Furthermore, the MBRT has an increased knowledge in
mastering imaging devices compared to PT and SP. The SP has very little knowledge regarding the
diaphragm’s anatomy and the use of MSU in their curriculum. Nevertheless, the results state that the
lowest ICC is found between the PT and MBRT, followed by the PT and ST (see table 2 in result
section). In addition, the highest ICC score was found between the MBRT and SP, meaning that the

PT had the most different data compared to ST and MBRT. Therefore, one could interpret that the PT

15
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of this research had the lowest skill in using MSU to measure the thickness of the diaphragm.
However, all raters were students using MSU to measure the thickness of the diaphragm for the first
time; they followed the same course of MSU before the experiment. Therefore, each assessor had a
uniform training and skills regarding the use of MSU while scanning the diaphragm, thus it can be
interpreted that in this case the variation in each rater’s study background has no significant difference
for this study. It can be argued that that the problem was personal dependent rather than professional
dependent; in other words the rater’s personal skills could be the reason of the inter-rater reliability
findings. Hence, further research with at least three raters per profession, who were each trained by
an expert in MSU with an identical professional background, is required in order to confirm the

hypothesis stated.

In this study, as described in the method section, B-mode imaging was used to scan the diaphragm’s
thickness. This choice was made since B-mode offers a better anatomical definition of the muscles
and its surrounding structures while simultaneously providing a better panoramic view compared to M-
mode(26)(48)(49). In addition, B-mode provides real time feedback for both the patient and the
professional, which is of great significance for biofeedback training(26).

In view of the fact that MSU is fairly new when measuring the diaphragm thickness using B-mode
imaging, only two articles were found which could be used as comparison to the results of this
research, without taking into consideration the professional background of the rater. Boon AJ et al,
found an inter-rater reliability between two assessors (defined by ICC) of 0.98 for resting thickness and
0.99 for thickness at end of maximal inspiration indicating in both case an excellent reliability(26). In
addition, Harper CJ et al demonstrated an ICC of 0.97 for quiet inspiration and 0.98 for quiet expiration
further indicating an excellent reliability (ICC=0, 75-1)(28). Nonetheless, there are a few possible
reasons for the dissimilarities found in the inter-rater reliability between these studies compared to this
study. Firstly, in both studies the inter-rater reliability was assessed between two examiners with
several years of experience in MSU imaging of the diaphragm. This leads to assume that extra training
is required to measure the diaphragm thickness. In addition, both studies only had an amount of 12
participants when assessing the inter-rater reliability. According to the COSMIN checklist when
investigating inter-rater reliability this number is a poor sample size; therefore it decreases the
reliability of their results(40).

Other explanations can be found in the differences of the methodology in each study. For instance,
Boon AJ et al, assessed inter-rater reliability while measuring the thickness of the diaphragm only in
the breathing cycle of respiratory pause and maximal inspiration(26). According to the results found in
this research study, while measuring the diaphragm thickness, full exhalation is the most challenging
breathing moment (see table 2, 3 in result section); therefore excluding this breathing moment could
have positively benefited their higher score in inter-rater reliability. Moreover, Boon AJ et al did not use
a standardized protocol for each breathing moment the subjects had to perform; in fact the examiners
decided when the participant was fully inspired as well as in respiratory pause. Furthermore, if the
diaphragm became obscured by the lungs, Bonn AJ et al captured the picture before the subject was

in his maximal inspiration; thus it is a biased technique and it could have benefited their findings.
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Harper CJ et al, assessed inter-rater realibility while measuring the thickness of the diaphgram in quiet
inhalation and exhalation, in other words, similar to Boon AJ et al there is no standardized protocol for
the breathing moments in their investigation which, once more, benefits their results of high inter-rater
reliability(28). Finally, both studies positioned the subjects in supine position in order to provide less
overall variability of the diaphragm thickness(50)(26)(28), this may have influenced the results and it

could explain the differences between this research’s results and theirs.

Strengths and limitations

Executing the measurements in a standing position is a functional method of assessing the
diaphragm; currently no study has measured the diaphragm’s thickness in this position. Likewise, no
study has investigated the difference in inter-rater reliability of a standing position compared to a lying
position. In addition, each diaphragmatic breathing protocol as a starting position of lying down with an
ultimate goal of performing the breathing technique in a standing position(15)(16). Thus, performing
diaphragmatic breathing in daily life is essential; therefore measuring the subjects in a standing

posture can be perceived as strength of this research.

The placement of the transducer varied amongst participants caused by different body morphology; it
has been demonstrated that the diaphragm’s position may vary significantly between subjects(50). For
instance women were harder to scan due to their undergarments and their higher general fat
percentage compared to men. Although an intercostals view is favored to scan the diaphragm, a
posterior sub-costal view could possibly be applied in the upcoming researches to reduce the

deviation of the transducer’s placement(37).

Considering that this research is analyzing the inter-rater reliability, a fairly high number of participants
contributed to the experiment compared to other studies(28)(26). Moreover, a post hoc power analysis
has been done which confirmed 100% power, concluding that enough number of participants has
been reached for the research increasing the external validity(43)(51). On the other hand, one of the
disadvantages is the inclusion of subjects ranging from 18 years old to 28 years old, which reduces
the external validity of the other experiment occurring simultaneously; as it includes a small portion of
the population(51). This decision was taken due to the fact that keeping the participant’s age

population in a close range, excludes a too high variability in diaphragm motion(29).

A further strength is that the three assessors patrticipated in a one day course in MSU to become
skilled at scanning the diaphragm, followed by an amount of 20 hours practice on random subjects.
Ozcakar et al concluded that a one day course demonstrates to be effective in the use of MSU
imaging(52). However, each assessor of this study had no previous knowledge about the use of MSU,;
also they followed a uniform training regarding MSU while scanning the diaphragm. Thus, having
identical instructions could increase the reliability amongst profession. In addition the diaphragm can
be a challenging muscle to scan due to its deep location hidden behind the ribs(37). Therefore, one
can say that 20 hours of additional training on random subjects could have positively influenced the

validity of the findings. Additionally, having each rater following a course from an expert in MSU within
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their professional field, could positively affect the variation of the findings amongst professional

backgrounds.

In this research a maximum standardized procedure has been used between the three assessors.
Firstly, compared to other studies(26)(28), a standardized breathing protocol has been followed during
the data collection which increased the reliability of the findings (see appendix V). In addition, the
procedures have been standardized for the placement of the transducer on the subjects and for the
method to measure the diaphragm thickness using the MicroDicom software (see appendix V). These
measures were taken in order to have the most reliable procedure of the diaphragm scanning and to
limit any errors amongst raters. Nevertheless, despite the fact that the subjects followed a
standardized breathing protocol during the experiment, it remains a subjective technique to assess if
the subjects were fully inhaled, in a respiratory pause or fully exhaled. On the other hand, currently,

there is no medical device existing that performs these tasks.

Another limitation of this study is the fact that the subjects were assessed during one whole hour.
During this hour, they were requested to repeat many times each breathing moment. The participants
demanded several breaks in between each rater’s measurement, as they felt out of breath or dizzy.
This could have influenced the diaphragm thickness from one assessor to the other due to the
participant’s fatigue, which could have considerably decreased the reliability of the findings. A
recommendation for future studies is to take a minimum of two weeks for the data collection, in which
half of the raters the first week, followed by the other half on the second week. In this way, the
participant comes twice to the experiment which decreases the overall time spent, as well as the

exhaustion the subject can experience.

Lastly, during the measurements of the images, a small number of images were measured from 4 or 6
mm from the lung shadow instead of 5mm. In addition, during the mean calculation some images were
missing and several means were calculated from 2 images instead of 3; these errors could have
slightly influenced the results found amongst the assessors. These limitations could have been
avoided if the study had additional time for the data collection; it would have diminished the pressure

amongst raters therefore reducing the speeding up during the scanning to fit in time-wise.

Clinical relevance

This study demonstrates that the reliability between the three raters in general is relatively good,
taking in consideration that the diaphragm is a complicated muscle to scan with MSU(37). In addition,
the assessors were students with modest experience in the application of MSU. Thus, this research
provides essential information for future research and for future use in the assessment of diaphragm
dysfunction, as it implies that measuring the diaphragm thickness with MSU is a relatively reliable

technique.

As described previously, research has confirmed that the diaphragm plays an essential role in
contributing to spinal stability(12)(13)(14). In addition, it has been demonstrated that there is a
connection between diaphragm’ malfunction and sacroiliac pain(13) along with low back pain

(LBP)(14). Therefore, this research also provides a base for future studies to compare the diaphragm
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thickness in patients with LBP to healthy subjects. Furthermore, it encourages the development of a
new rehabilitation approach by using B-mode MSU as a biofeedback tool to control and improve the
diaphragm activation in order to enhance the patient’s core stability. Nevertheless, additional research
continuing the investigation of the diaphragm thickness's inter-rater reliability by implementing the
recommendation of this study is necessary. Subsequently, other studies are required to verify whether

MSU is a good biofeedback tool, for it to be clinically useful in rehabilitation.

Recommendation for future studies

The use of MSU imaging for the diaphragm thickness is a fairly new method; therefore further
research applying the recommendation of this study is required to implement MSU in clinical practice.
Three small recommendations have been described previously in this study; to increase the general
inter-rater reliability a posterior sub-costal view is suggested to avoid the deviation of the transducer
due to diverse body morphology. Moreover, 20 additional training hours on random subjects per rater
iS necessary, as experience is crucial to master the skills of utilizing MSU. For the subject’s well-being

throughout the data collection, it is advised to divide the experiment over two weeks.

In addition this study provides a base of essential information for future research and for future use in
the assessment of diaphragm dysfunction such as diaphragm thickness in LBP patient. This study
recommends future research to verify whether MSU is a good biofeedback tool, for it to be clinically

useful in rehabilitation of LBP patients.

Currently, the reliability amongst raters of different professional background has not been
evaluated(44). Therefore a major recommendation of this article is to research more precisely whether
the professional background influences the findings while using MSU. In order to make it achievable
and reliable, the recommendation above should be implemented during the data collection. In addition,
a minimum of 3 raters per background, trained by an expert of MSU within their professional field must
be assessed. Employing 3 raters per profession will permit to evaluate the inter-rater reliability within
their own field along with distinguishing which of the 2 raters obtain similar measurements.
Subsequently, the score of inter-rater reliability within each field can be evaluated separately to find
the overall ICC for each profession. In addition, another inter-rater reliability test assessing the
profession amongst each other must be performed to differentiate which background has most similar

measurements compared to the other.
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Conclusion

This study addressed the following research question: What is the inter-rater reliability amongst
students of three different paramedical backgrounds (Speech therapist, Physiotherapist and
Radiologist-assistant) of MSU when measuring the thickness of the diaphragm during respiratory

pause, full inhalation and full exhalation?

The results obtained have confirmed a relatively good inter-rater reliability without taking into
consideration the professional background with value ranging from fair reliability (ICC= 0, 4 - 59) to
excellent reliability (ICC=0, 75-1).

The lowest ICC was found between the PT and MBRT in full exhalation with 0,276 (p<0.001)
indicating poor reliability (ICC>0, 4), following by the PT and ST in full exhalation with 0,410 (p<0.002).
The highest ICC score was found between the MBRT and SP in full inhalation with a score of 0.760
(p<0.000) indicating excellent reliability (ICC=0, 75-1). However, this research cannot conclude in

inter-rater reliability amongst the three professions.
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Appendix:

l. Invitation letter
Dear students,

With this email, we would like to invite you to participate in our experiment for our Bachelor thesis. We
are 5 students from the following study background; 1 speech therapist, 3 physiotherapists and 1
MBRT (radiography, imaging study) student. As a multidisciplinary team we are working together to
collect a maximum of data for our research; this is why we need you!!!

The experiment consists of measuring the thickness of your diaphragm muscle using ultrasound
imaging. Once the data has been collected, diverse investigations will take place. For instance;
checking the reliability of ultrasound imaging between students from different background or, simply
establishing standard value of the muscles mentioned above.

The testing will take place in between the time frames of the 19" of October until the 9" November at
Fontys Paramedische Hogeschool in the following rooms: 0.312; 0.424. The exact days and time
schedule will be communicated to you once the total number of participants is known. We will of
course take into consideration your preferences for the time and dates and you will be rewarded with a
small gift after the experiment.

If you want to know more about the experiment you can find attached to this email the information
letter. In case of other questions concerning the research, do not hesitate to contact one of us.

We would be thankful if you find time to participate in our study.
Kind regards,

Nadia Giampellegrini; Emilie Vallance;Rowaya van der Burgt, Mélanie van Ravels,Miriam ter Stege,
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[l. Information letter
Dear Participant,

We would like to thank you for volunteering to participate in our study. We are graduate students from
physiotherapy, speech and language therapy as well as MBRT (medical imaging and radiation
therapy). This document is to provide you some background information on our project. We kindly ask
you to read the information given below in order to make an informed decision about whether or not
you would like to be part of our project. If there are terms you are unfamiliar with, please do not
hesitate to contact us for more information.

The aim of the project:

Lower back pain and respiratory conditions such as COPD (chronic obstructive
pulmonary disease) have a cause-effect relationship with the diaphragm.
Weak/atrophied muscles or poor activation can often cause breathing as well as
lower back complaints, but poor quality function of the muscles can also be due to
disease in patients with COPD.

The aim of this research is to investigate the standard thickness values of the
diaphragm and the influence of factors such as gender/height using
Musculoskeletal Ultrasound in order to create normal values for reference in the future. This imaging
technique is becoming more popular in many medical fields; however, the reliability of this tool is still
not clearly assessed, such as inter-rater reliability or test-retest reliability. The goal is therefore to use
different approaches to test the diagnostic value of this imaging tool and at the same time collecting
the data mentioned above. Furthermore, the differences between 2 different ultrasound system
devices will be measured as well to see if this affects the diagnostic process.

Who can participate:

We are looking healthy young adults between the ages of 18-28. The requirements to participate in
this study are listed below:

¢ No voice problems or dysphonia

¢ No lower back complaints in the last 6 months

¢ No asthma or other respiratory diseases

¢ No previous known diaphragmatic problems

¢ No diagnosed neuromuscular diseases

e No stomach pain/cramps or other stomach problems

e Participant should not be pregnant

e No previous caesarean sections or any surgery in the stomach area
e A BMI >30kg/m?

What is expected of you:

If you choose to participate in this study you will have to sign an informed consent before the
beginning of data collection. You will be asked to fill in a small questionnaire about, for example your
name and age. Your height and weight will also be measured. You will then move to the next station
where you will stand against a wall. Here your diaphragm will be imaged using Musculoskeletal
Ultrasound. In order to achieve this you will be asked to lift up your shirt to expose your stomach. For
the female participants, we advise to wear a bikini top during the measurements. Next, some gel will
be applied to the transducer (see image above) which will then be placed just below your ribs. You will
be asked to relax, breathe in fully and breathe out all the way. During these 3 moments of the
breathing cycle images will be recorded. We ensure you that as much privacy as possible will be
provided throughout the study as there will be numerous participants present at the same time. The
entire procedure is expected to last 1 hour.
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The study has been approved by Fontys University of Applied Sciences and there are no risks
involved in this project.

The collected data:

All information and data gathered during the project will be handled confidentially and will remain
anonymous throughout. The results of the study will be presented in 5 written reports as there are 5
thesis projects within this study. These 5 reports are part of a bigger study which will probably be
published in a few years. You have the reassurance of all research students involved that your name,
personal details and data will remain unidentified.

Finally, it is important to remember that taking part in this research project is completely voluntary and
you are free to withdraw if necessary. If you have any concerns or further questions concerning our
project, please do not hesitate to contact us!

Thank you for your interest and your time!

Sincerely,

Nadia Giampellegrini, Emilie Vallance, Miriam terStege, Rowaya van der Burgt, Mélanie van Ravels,
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lll. Informed consent

Statement by the participant:

| have read the above mentioned information in from the information letter, or it has been read to me. | had
the time and the opportunity to ask questions about it and all of my questions have been answered to my
satisfaction. | consent voluntarily to be a participant in this study.

e Print name of participant:

e Signature of participant:

e Date:
(Day/month/year)

Statement by the researchers:

We confirm that the participant was given the time and opportunity to ask any related questions about the
study, and that all of his/her questions were answered to the best of our ability. We confirm that the
individual has not been forced into giving consent, but decided to give it voluntarily.

e Print Name of Researcher:

e Signature of Researcher:

e Date:
(Day/month/year)
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IV Research procedure

Below, you will find three pictures in the following order of the breathing cycle: 1) Respiratory Pause;
2)Full inhalation; 3)full exhalation by respectively the 1)Physiotherapist ; 2) Speech therapist; 3)
Radiography. These pictures are from participant n=2 ; the pictures were taken at Fontys University of

Applied sciences in room 0.424
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Image 1 — Breathing
cycle: Respiratory
Pause by
Physiotherapist

As described in the
procedure 5mm is taken
from the lung shadow
following the diaphragm
fascia, then a
perpendicular line is
drawn to measure the
diaphragm thickness.

Type of device: The
ProSound Alpha 7 from
Aloka

Gain 88 (SD: 5), Depth
range (4-5) Contrast
18 (SD: 2)

Image 2- Full Inhalation
by Physiotherapist /
Same procedure as
below
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Image 3- Full exhalation
by Physiotherapist/

Same procedure as
below

1Dist: 0.96cm

Image 4 — Respiratory
Pause by Speech
therapist

Same procedure as
below

' Lengte: 4,999 mm

-

Dist: 1.34cm BDist:
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R 12 . OR x| Image 5- Full
‘24%;525_; Inhalation by Speech

R4.5 therapist
G87
c18
A1l Same procedure as

below

engte: 4,002 mm

1Dist: 1.57cm QDist:

Image 6 — Full
Exhalation by
Speech therapist

Same procedure as
below

[EEngrer 5:001 mm
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>

1Dist: 0.99cm QDist:
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1.16cm ODist:

1Dist: 1.10cm JODist:
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[

Image 7 — Respiratory
Pause by
Radiography(MBRT)

Same procedure as
below

Image 8 — Full inhalation
by MBRT

Same procedure as
below
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0.96cm ODist:

Image 9 — Full
exhalation by MBRT

Same procedure as
below
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V Breathing protocol
Standardized breathing instructions:

One physiotherapist’ student will be in charge of giving the instructions and answering all the
guestions the participant might have.

The step will be as stated below:

1.

© NG A WN

Have an upright posture against the wall

Head slightly elevated

Breathe in slightly and then exhale until resting point
Hold 3 seconds

Inhale maximally until no more air is possible

Hold 3 seconds

Exhale maximally until no more air comes out

Hold 3 seconds.

The participants’ safety comes first, if the subjects feel dizzy or out of breath they can take a break and
start all over when they feel ready.

The physiotherapist must observe each participant going through the breathing process and ensure
that proper breathing is achieved. He/she will look at the following:

1)

2)

3)

Respiratory pause: The physiotherapist observe the participant’s normal breathing pattern
without informing him that he/she is observing so that the participants doesn’t think about his
breathing.

Full inhalation: The physiotherapist observe the participant’s elevation of the ribs, the
accessory muscles in the neck and the extension of upper back. The physiotherapist will then
encourage the participants to breath in further and further until the maximum is reached.

Full exhalation: The physiotherapist observe or feel ( if needed) the participant’s abdominal
contraction, and observe if a slight flexion of the trunk is visible
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VI Flow of experiment
As mentioned in the plan, 10 students are part of the entire project. Five from which is investigating the

diaphragm values. The flow of the experiment is made so that the five students will receive their data
needed for their own research.

Flow:
1. Two Participants comes in
2. Informed consent signed and possible questions answered
3. Anthropometric data collection of both participants
4. Respiratory and postural instructions ( Respiratory pause, Full inhalation, Full exhalation): see
below
5. Participants receive a sticker with an ID ( ADMSU 1, 2..3....4ect)
6. Participants receive instructions written to know where to go and a questionnaire (see

Appendix 1V) to fill in during the 5min waiting time between stations**, the 5min will allow them
a small break to recover.

7. First participant goes to : Station 1 (10min) ; wait 5min**; Station 2a (15min); Station 1
(10min);Station 2b

8. Atthe same time, the second patrticipant goes to : Station 2a (15min); Station 1 (10min);wait
5min**; Station 2b ; Station 1

9. Participants receive a chocolate bar as a gift for their participation and patience

10. All this will be done within an hour

Explanations: The flow has been decided within the group so that everyone is able to receive their
measurements needed for their own research. Station 1 needs two measurements since test-retest is
measured, Station 2a takes 15min since the MBRT student measures with one high-end quality device
and one low-end quality. Only two high-end devices are available during the data collection, which is
why only 2 stations could be created.

/"_-- == -»»1__\
.,f/ **Smin
:"‘ Questionnaire
e
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Participant Schedule

Date to be confirmed
Time: Name participant 1: Name Participant 2:

8.55 9.50 ADMSU1L ADMSU2
9.40 10.35 ADMSU3 ADMSU4
10.25 11.20 ADMSU5 ADMSUG
11.10 12.05 ADMSU 7 ADMSU8
11.55 12.50 ADMSU 9 ADMSU 10
12.50 13.20 Lunchbreak

13.20 14.15 ADMSU11 ADMSU12
14.05 15.00 ADMSU13 ADMSU14
14.50 15.45 ADMSU15 ADMSU16
15.35 16.30 ADMSU17 ADMSU18
16.20 17.15 ADMSU19 ADMSU20
17.05 18.00 ADMSU21 ADMSU22
17.50 18.45 ADMSU23 ADMSU24
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Appendix VII

Shapiro-Wilk test of normalcy (p<0.05) for demographic data:

Table 1: Tests of Normality

SHAPIRO-WILK TEST
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Appendix VII

Respiratory pause

RPPhyiso
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Full inhalation
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Figure 4

Scatter plot comparing PT VS ST in the
breathing cycle of: Full inhalation

Iphysio = Full Inhalation Physiotherapist

Ispeech = Full Inhalation Speech therapist

Figure 5

Scatter plot comparing PT VS MBRT in the
breathing cycle of full inhalation

Iradio = Full Inhalation Radiologist
assistant

Figure 6

Scatter plot comparing ST VS MBRT in the
breathing cycle of: Full inhalation
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Full exhalation

Ephysio
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Appendix IX
onn tys Paramedische Hogeschool
B8. Confidentiality statement
Name: Vd\\OX\CQ Emilie Student No°: 2 19882/
Title:
- caXec relias\ - el ; —
TITR Ry nwsw\g:&%\éa\ ofroscond iomnaging dw‘ﬂg,\?fm':;??;f“'l‘)

Content (description):

1. By signing this Statement, the Fontys Paramedic University of Applied Sciences in Eindhoven
commits itself to keep any information concerning provided data and results obtained on the basis of
research of which is taken cognizance as part of the above practical research project and of which it is
known or can be reasonably understood that said information is to be considered secret or
confidential, in the strictest confidence.

2. This confidentiality requirement also applies to the employees of the Fontys Paramedic University of
Applied Sciences, as well as to others whAo by virtue of their function have access to or have taken
cognizance of the aforesaid information in any way.

3. The above notwithstanding, the student will be able to perform the practical research project in
accordance with the statutory rules and regulations.

Student: Supervisor:
Name: “Q“ oM (O EmHSQ Name: A/t/t %QM
h ——

— \ =
(signature) Date30/ M/ 2015 (signature) Date: 36/t / 2015
Coordinator: for receipt Name:

(signature) Date:__/__/
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Appendix X

; Ontys Paramedische Hogeschool

B9.

Conveyance of Rights Agreement

AGREEMENT
Pertaining to the conveyance of rights and the obligation to
convey/return data, software and other means

The undersigned:

and

1. MMs _Egoulie Vollonce
[full name as stated in passport], residing at __ € X \ (A

[postal code, place of residence] atthe _Roed ec,ksh‘nn\' A q

[street and house number], hereinafter to be called “Student”

2. Fontys Institute trading under the name Fontys University of Applied Sciences,
Rachelsmolen 1, 5612 MA Eindhoven, hereinafter to be called “Fontys”

CONSIDERATION

A

Student is studying at the Fontys Paramedic University of Applied Sciences in Eindhoven and is
performing or will perform (various) activities as part of his/her studies, whether or not together
with third parties and/or commissioned by third parties, as part of research supervised by the
lectureship of Fontys Paramedic UniVersity of Applied Sciences. The aforesaid activities will
hereinafter be called “Lectureship Study Activities”. At the time of the signing of this Statement,
the Lectureship of Fontys Paramedic University of Applied Sciences supervises in any case the
studies listed in Appendix 1, but this list is not an exhaustive one and may change in the future.

It is of essential importance to Fontys Paramedic University of Applied Sciences that (the results
of) the Lectureship Study Activities can be further developed and applied without any restriction by
Fontys Paramedic University of Applied Sciences and/or used for the education of other students.
Fontys wishes in any event — but not exclusively — (i) to be able to share with and/or convey to
third parties (the results of) the Lectureship Study Activities, (i) to publish these under its own
name, where the Student may be named as co-author providing that this is reasonable under the
circumstances, (iii) to be able to use these as a basis for ne\‘/v research projects.

In case intellectual ownership rights and/or related claims on the part of Student will be/are
attached to (the results of) the Lectureship Study Activities, parties wish — taking into account that
which was mentioned under (B) — Fontys Paramedic University of Applied Sciences to be the only
claimant with regard to said rights and claims. The Student therefore wishes to convey all his/her
current and future intellectual property rights as well as related claims concerning (results of) the
Lectureship Study Activities to Fontys, subject to conditions to be specified hereafter:
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D. Student furthermore wishes to enter into the obligation — again taking into account that which was
mentioned under (B) — to convey all data collected by him/her as part of the (results of) the
Lectureship Study Activities to Fontys and not to retain any copies thereof, and also to return all
data, software and/or other means previously provided by Fontys as part of (the results of) the
Lectureship Study Activities, such as measuring and testing equipment, to Fontys without retaining
copies thereof, all the above being subject to conditions to be specified hereafter.

AGREE THE FOLLOWING
1. Conveyance of intellectual property rights

1.1 Student herewith conveys to the Fontys Paramedic University of Applied Sciences all his/her
current and future intellectual property rights and related claims concerning (the results of) the
Lectureship Study Activities, for the full term of these rights.

1.2 Intellectual property rights and/or related claims are understood to refer to, in any case — but
not limited to — copyright, data bank law, patent law, trademark law, trade name law, designs and
model rights, plant breeder's rights, the protection of know-how and protection against unfair
competition.

- .
1.3 The conveyance described under’ 1.1 shall be without restriction. As such, the aforesaid
conveyance shall include all competences related to the conveyed rights and claims, and said

conveyance shall apply to all countries worldwide.

1.4 Insofar as any national law requires any further cooperation on the part of Student for the
conveyance mentioned under 1.1, Student will immediately and without reservation lend such
cooperation at first request by Fontys Paramedic University of Applied Sciences

1.5 Fontys accepts the conveyance described under 1.1.
2. Waiver of personal rights
2.1 Insofar as permitted under article 25 ‘Copyright’ and any other national laws that may apply,

Student waives his/her personal rights, including — but not limited to — the right to mention Student’s
name and the right to oppose any changes to (the results of) the Lectureship Study Activities. If and
insofar as Student can claim personality rights pursuant to any national laws notwithstanding the
above, Student will not appeal to said personality rights on unreasonable grounds.

Manual Practice-based Research Graduation Phase 2013 — 2014 - FPH
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2.2 In deviation from that which was stipulated under 2.1, the Fontys Paramedic University of
Applied Sciences may decide to mention the name of Student if this is reasonable in view of the extent
of his/her contribution and activities.

3. Compensation

Student agrees that he/she will receive no compensation for the conveyance and waiver of rights as
described in this Statement.

4. Guarantee concerning intellectual property rights

Student declares that he/she is entitled to the aforesaid conveyance and waiver, and declares that
he/she has not granted or will grant in future, license(s) for the use of (the resuits of) the Lectureship
Study Activities in any way to any third party/parties. Student indemnifies Fontys from any claims by
third parties within this context.

5 Obligation to convey/return data, software and other means

5.1 At such a time as Student is no longer performing any Lectureship Study Activities and/or is no
longer a student at Fontys, Student is obliged to convey to Fontys all data, in the widest sense of the
word, collected by him/her as part of (results of) the Lectureship Study Activities, including — but not
limited to — studies and research results, interim notes, documents, images, drawings, models,
prototypes, specifications, production methods, process descriptions and technique descriptions.

5.2 Student guarantees not to have kept any copies in any way or form of the data meant under 5.1.

5.3 Student is obliged to return to Fontys all data, software and other means provided to him/her by
Fontys as part of the Lectureship Study Activities, and guarantees not to have kept copies in any way
or in any form, of the provided software and/or other means.

5.4  Student agrees that if he acts and/or proves to have acted contrary to the obligations mentioned
under 5.1 up to and including 5.3, (a) he/she shall be liable for all and any damages incurred or to be
incurred by Fontys, and (b) that this will qualify as fraud and that Fontys can apply the appropriate
sanctions hereto. The sanctions to be applied by Fontys may consist of, among other things, the
denying of study credits, the temporary exclusion of the Undersigned from participation in
examinations, but also the definitive removal of the registration of the Undersigned as a student at
Fontys.
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6. Waiver

Student waives the right to terminate this Agreement.

/A Further stipulations

ya! Insofar as this Agreement deviates from the Student Statute, this Agreement shall prevail.

7.2 This Agreement is subject to Dutch law. All disputes resulting from this statement will be

brought before the competent judge in Amsterdam.

Student:

Fontys Institute
trading under the name Fontys Hogescholen
Supervisor:

Name: a’ﬂ\ﬂ\e/\j alon @ Name: N

-
Ié oy
(signature) (signature)

Date: /! ZOI/ )

Date2)/\\ / 205
Place: £ ‘,ad h(thD

Place: _EInDHOVEN

[, Ms. M.H. de Waard, sworn translator for the English language registered at the Court
in Groningen, the Netherlands, and registered in the Dutch Register of Sworn Translators
and Interpreters (Rbtv) under nr. 2202, herewith certify the above to be a true and faithful
translation of the attached Dutch document into the English language.

Groningen, 23 May 2012,

[M.H. de Waard]
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