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Abstract

In Sweden fall-related injuries among the elderly lead to over a thou-
sand deaths and close to 300.0000 hospital visitations annually. Fall
related injuries can in many cases lead to serious head injuries along
with other fractures. The elderly are more prone to fall and sustain an
injury because of conditions such as osteoporosis and weak muscles.

Researchers at KTH from the Division of Neuronic Engineering
have developed a special floor that absorbs energy from an impact
which can reduce the severity of injury when a person falls. There
has been research done on the floor focusing on hip fractures which
have shown good results. The floor has been set up in an elderly home
in Stureby, Stockholm, Sweden, however further testing is needed to
fully develop the floor to its maximum capacity.

One goal of this master thesis was to investigate certain obstacles
with the floor which arose during testing in Stureby. One of the chal-
lenges was that the floor had greater rolling resistance since it is softer
than a normal concrete floor. The experiment was done by using a dy-
namo meter to measure the force needed to move a test wagon with
a fixed weight and different sizes of wheels. Another goal of this the-
sis was to investigate head impacts on the KTH floor. That was done
in a helmet testing lab at Mips helmet company. There a dummy head
was dropped from various heights and the acceleration was measured.
The 1st principle strain of the brain was calculated from the collected
data. Other companies have created similar floors so it was a part of
the thesis to compare the KTH floor with its competitors.

The results from the rolling resistance showed that by increasing
the width and diameter of the wheels there was less force needed to
move the test wagon.

Further tests are needed to investigate the problem regarding the
indentation issues seen on the floor set up in Stureby. Some research
has already begun with different types of linoleum and glue.

In the head impact studies, the KTH floor showed the best results of
all tested floors when dropped from 60 cm. However, when dropped
from 100 cm a competitor floor showed better results in the resultant
translational acceleration.
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Sammanfattning

I Sverige leder fallskador bland äldre till över tusen dödsfall och nä-
ra 3000000 sjukhusbesök årligen. Fallrelaterade skador kan i många
fall leda till allvarliga huvudskador. De äldre är mer benägna att fal-
la och skada sig på grund av sjukdomstillstånd som osteoporos och
muskelsvaghet.

Forskare vid KTH från avdelningen för teknisk neuronik har ut-
vecklat ett falldämpande golv som absorberar energi vid islag som kan
minska risken för skada när en person faller mot det. Det har gjorts
forskning på golvet med inriktning på höftfrakturer som har visat bra
resultat. Golvet har installerats i ett vård och omsorgsboende i Stu-
reby, Stockholm, men ytterligare arbete behövs för att vidareutveckla
golvet.

Ett mål för detta examensarbete var att undersöka vissa problem
som uppstod vid installationen i Stureby. En av utmaningarna var att
golvet hade större rullmotstånd eftersom det är mjukare än en nor-
mal linoleumsmatta limmat på betonggolv. Rullmotståndsmätningar
gjordes med hjälp av en dynamometer för att mäta den kraft som be-
hövs för att flytta en testvagn med en viss vikt och olika storlekar på
hjulen. Ett annat mål med denna avhandling var att undersöka hu-
vudislag mot KTH-golvet. Det gjordes i ett hjälmtestlaboratorium hos
hjälmföretaget MIPS AB. Där släpptes ett krockdockehuvud från oli-
ka höjder och huvudets acceleration mättes. Även töjningen i hjärnan
beräknades från de insamlade data. Andra företag har skapat liknan-
de falldämpande golv och ett mål var att jämföra KTH-golvet mot två
konkurrerande golv.

Resultaten från rullmotståndstesterna visade att genom att öka hju-
lenes bredd och diameter krävdes mindre kraft för att flytta provvag-
nen.

Ytterligare tester behövs för att undersöka problemet med de in-
tryckningsmärken som ses på golvet i Stureby. Studier har påbörjat
med olika typer av linoleum och lim.

KTH-golvet visade lägre acceleration av alla testade golven för hu-
vudislag från 60 cm. Men vid islag från 100 cm visade ett konkurre-
rande golv lägre resulterande acceleration än KTH-golvet.
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Chapter 1

Introduction

Fall-related injuries can be linked to about 1500 deaths, 270.000 visi-
tations to emergency care where 70.000 are admitted to hospital care
each year in Sweden [1]. Fall-related injuries are considered the dom-
inant cause for head injuries in Sweden [2]. The elderly, 75 years and
older have the highest rates of Traumatic Brain Injuries (TBI) along
with the highest rate of hospitalization and death. This age group is
prone to fall since many of them suffer from impaired vision, loss of
motor reflexes and muscle strength. The elderly are also more fragile
and are in more danger of fractures from falls due to osteoporosis and
over all weakness of the body [3].

There are some methods that can help prevent the elderly from
falling. Studies have been done that show that by strengthening the
lover body, using exercise, increasing their strength by building mus-
cle mass can prevent fractures [4]. Research with trunk kinetics, by
Mark Grabiner et al. using treadmills showed an interesting associa-
tion between trunk flexion velocity at the instant of recovery on the
first day a disturbance was introduced. Therefore, the women were
able to stop and reverse the trunk angular velocity by instant recovery
[5]. By training the elderly using task specific training to alter their
trunk movement, studies have effectively shown a decrease in the risk
of injuries due to trips among older adults [5]. However these training
methods only lower the risk of injury during a fall-related accidents.
They do not ensure that people will not fall.

There are numerous ways to reduce the severity of fall-related in-
juries, one of them is to have a shock absorbing floor. The main idea of
a shock absorbing floor is that when a person falls to the ground, the
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floor will absorb the shock of the fall and thereby reduce the impact
force resulting in a less severe injury. Studies that have been done on
shock absorbing floors have shown that they can reduce the force ap-
plied to the hip during a fall impact by up to 47% [6]. Other studies
have shown that they can reduce the Head Injury Criteria (HIC) and
therefore could be an efficient strategy for the health care organization
to reduce head related injuries from fall accidents [7].

A shock absorbing floor has been developed at the the Division of
Neuronic Engineering at KTH by Svein Kleiven and Hans von Holst.
Research has been done on that floor regarding hip fractures but head
impact has yet to be researched. One goal of this thesis was to research
head impacts by comparing the KTH floor with other similar shock
absorbing floors.

As of now there are some concerns with the floor that need to be
improved. An example is that the floor makes it harder to move objects
on wheels around and the wheels can form a permanent indentation
in the floor if they stay at the same place for some time. This is es-
pecially noticeable if for example beds are left in the same place for
long periods of time. Therefore another goal of this thesis was to find
a solution to some of these concerns with the floor.
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Method

To establish a base for this thesis, a literature study was performed,
which can be found in the appendix. There can be found information
regarding anatomy of the human head, fall injuries and general infor-
mation regarding Shock Absorbing Floors (SAF).

The method chapter will be split into two separate subsections since
the project had two separate studies. The first part of the thesis was to
investigate the rolling resistance of the SAF. Since the floor is softer
than normal flooring the rolling resistance is greater and therefore it is
harder to move or roll things on the SAF.

The second part of the thesis was to investigate head impacts on
the SAF designed at KTH and compare it to other types of SAF.

2.1 Rolling Resistance

The KTH designed SAF has been set up in an elderly home in Stureby
for research purposes. It was noticed early in the research stages that
it was rather hard to move objects around on the floor, such as hospi-
tal beds and other heavy objects on wheels. Therefore some research
needed to be done to investigate rolling resistance of objects on the
floor and try to find a solution that would decrease the resistance.

In the literature study, Appendix C.3, there are some speculations
on how the issue with the rolling resistance could be solved along with
derivation of a formula regarding the rolling resistance. In theory, by
increasing the surface area and/or the radius of the wheel, the rolling
resistance should decrease. To test and validate this theory an exper-
iment was conducted using a dynamo meter and various selection of

3



4 CHAPTER 2. METHOD

wheels.

2.1.1 Setup

To simulate the weight and movement of a hospital bed with a pa-
tient in it, a wagon with led weights was used. The total weight of
the test wagon with the led weights was 118 kg. A hospital bed used
in Stureby weighted around 50 kg and an average patient weights
around 60-70 kg. Several different wheels where mounted on the wagon
and the force which was needed to move the wagon was measured us-
ing a dynamo meter, Figure 2.1.

Figure 2.1: Setup of rolling resistance measurements.

The resistance was measured on the KTH SAF, normal concrete
floor with a linoleum cover and on other types of SAF. The wheels
used varied in thickness and radius, with the thickness ranging from
24mm - 120mm and the radius from 75mm - 150mm. A benchmark
was needed to compare the different SAF and to see if changing the
wheels could be a good solution to decrees the rolling resistance. The
benchmark was found by measuring the standard wheel found on
a hospital bed used in Stureby which had the dimensions 100mm x
24mm.
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For the other brands of SAF the same wagon and weights where
used. To set up similar conditions there where samples of the other
SAF glued on top of a concrete floor covered with linoleum, Figure 2.2.

Figure 2.2: Setup of rolling resistance measurements for the other brands of
SAF.

2.2 Head Impact Studies

It is important to investigate what happens when a person person falls
and hits his head, since the impact is more likely to inflict a rotating
movement to the head, which could lead to TBI [3]. The purpose of this
experiment was to investigate how the KTH designed SAF compared
to other brands of SAF and to see if they absorb enough energy from
the fall to reduce head injury in a fall-related accident.

2.2.1 Setup

To simulate a fall accident a drop test machine designed to test hel-
mets was used. The experiment was conducted in a helmet testing
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lab at Mips helmet company. The height that the dummy head could
be dropped from was limited since the experiment did not involve a
helmet on the dummy head. The maximum height the dummy head
could be dropped from was 1.00 m. The velocity needed for the sim-
ulation to be as realistic as possible ranged from 3.0 m/s to 5.0 m/s
with a standard deviation of 1,0 m/s [8]. In the experiment a dummy
head, which had sensors such as accelerometers inside, was dropped
on three different samples of SAF, Figure 2.3.

A sample of each SAF was created and the sample size was 140mm
x 140mm. In the experiment three different floors where tested, the
KTH SAF, KradalTM SAF and SmartCell SAF.

The dummy head was dropped from two different heights, 0.60 m
and 1.00 m. The machine collected all necessary data regarding impact
speed, velocities and accelerations. Each setup was measured at least
three times to get accurate results. However, setting up the experiment
at the helmet lab took longer time than expected and some of the data
was corrupted or lost, therefore the results from one measurement in
each setup was used.

Figure 2.3: Setup of drop test at Mips lab showing the KTH SAF sample
being tested.
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Results

3.1 Rolling Resistance

The standard wheel found on a hospital bed in Stureby was first mea-
sured to obtain a benchmark, Table 3.1. All types of SAF where tested
with the same method and same types of wheels, Table 3.2 to Table
3.4. The same method was applied when measuring the force needed
to move the 118 kg wagon on a concrete linoleum covered floor to
compare with the SAF, Table 3.5.
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Table 3.1: Dynamo meter measurements of the force needed to move 118 kg
wagon on the KTH SAF and cementer linoleum covered floor with a

standard wheel of 100mm x 24mm.

Obtaining a benchmark
Floor type KTH SAF Concrete

131 63
121 64
130 63.5

Force[N]
125.5 68
120.5 64.5
128 65
127.5 71
125 70
120 70.5
122.5 67.5
121 68

Average
Total

124.7 66.8

Table 3.2: Dynamo meter measurements of the force needed to move 118 kg
wagon on the KTH SAF.

KTH SAF
Wheel size 120 x 150 80 x 150 40 x 150

97 135 139.5
89.5 136 146.5
100 135 153.5

Force[N]
101.5 137.5 139.5
90 140 141.5
96.5 137.5 139.5
88.5 135 151
90.5 141 152
91.5 135 142
88.5 143.5 140
92.5 142 148

Average
Total

93.3 138.0 144.9
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Table 3.3: Dynamo meter measurements of the force needed to move 118 kg
wagon on the KradalTM SAF.

KradalTM SAF
Wheel size 120 x 150 80 x 150 40 x 150

74 91.5 101.5
84 84 90.5
73 88 97

Force[N]
78 83.5 94
69.5 86 94.5
72 87.5 97
78 81.5 107.5
74.5 84.5 93
68.5 90.5 110.5
75 87 93
72 85 97

Average
Total

74.4 86.3 97.8

Table 3.4: Dynamo meter measurements of the force needed to move 118 kg
wagon on the SmartCell SAF.

SmartCell SAF
Wheel size 120 x 150 80 x 150 40 x 150

67 62 74.5
69.5 66 66
74.5 71 65

Force[N]
71.5 74 66.5
66 78 65
67.5 63.5 67
70.5 67 65.5
68 61 66
67 63.5 73
66.5 63.5 70
67 77 72

Average
Total

68.6 68.6 68.2
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Table 3.5: Dynamo meter measurements of the force needed to move 118 kg
wagon on a normal concrete linoleum covered floor.

Concrete linoleum covered floor
Wheel size 120 x 150 80 x 150 40 x 150

42.5 58 92
43 65 91.5
45 59 86

Force[N]
48.5 67 93
42.5 68.5 82
43 59.5 83.5
44 58 83
48 71.5 84.5
42.5 70 81
41.5 58 86
43 62.5 82

Average
Total

44.0 63.4 85.9

3.2 Head Impact Studies

The results from the drop tests are displayed in graphs, Figure 3.1 to
Figure 3.4. There, both the 1st principle strain and Translational ac-
celeration of the brain are shown for all drops, where the KTH SAF is
shown in blue, the Kradal in orange and the SmartCell in gray. The
1st principle strain of the brain is the maximum strain value of all el-
ements in the dummy head. The results where obtained from a com-
puter software used at the Mips helmet company. The company did
not want to disclose information regarding the software used for the
data processing. However the 1st principle strain was obtained by us-
ing the collected data from the linear and rotational acceleration of the
brain, simulated using Finite Element Modeling (FEM). The company
refused to disclose any software information for the FEM simulation.
The impact velocity was measured for all drops and it was 3.0 m/s for
the 60 cm drop and 4.20 m/s for the 100 cm drop.



CHAPTER 3. RESULTS 11

Figure 3.1: Results from drop tests showing the resultant translational
acceleration from a 60 cm drop.

Figure 3.2: Results from drop tests showing the resultant translational
acceleration from a 100 cm drop.
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Figure 3.3: Results from drop tests showing the 1st principle strain from a 60
cm drop.

Figure 3.4: Results from drop tests showing the 1st principle strain from a
100 cm drop.
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Discussion

In this chapter the results from the experiments will be discussed. The
chapter will be split into two separate sections one for the rolling re-
sistance and one for the head impact studies.

4.1 Rolling Resistance

The first task was to establish a benchmark, which was done by mea-
suring a standard wheel on a hospital bed used in Stureby which had
the dimensions 100mm x 24mm. The benchmark was measured to be
66.8 N on the concrete linoleum covered floor and 124.7 N on the KTH
SAF, Table 3.1. By comparison it can be seen that the force needed to
move the wagon on the KTH SAF is almost two times greater than
on the concrete floor. Which shows that there is indeed a problem at
hand.

When the benchmark had been established the next task was to
try and prove that increasing the width and diameter of the wheels
would decrease the force needed to move the wagon. Table 3.2 shows
the results from the measurements of the rolling test done on the KTH
SAF. There it can be seen that by increasing the diameter of the wheel
by 50mm and the width by 96mm the force needed to move the wagon
was 93.9 N. Which is 25.2% lower than the benchmark for the KTH
SAF but still 28.4% higher than the benchmark for the concrete floor.
While the widest wheel was lower than the benchmark the other two
thinner wheels needed 9.6% and 13.9% greater force than the KTH SAF
benchmark. This shows that for the KTH SAF the wheels need to be
around five times wider than the standard wheel to decrease the force

13
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needed to move objects around on the floor.
Two other brands of SAF were tested to compare with the KTH

SAF. The KradalTM SAF was tested with the same parameters as the
KTH SAF. The KradalTM SAF needed lower force then the KTH SAF
to move the wagon, Table 3.3. For the widest wheel set up the force
was 20.3% lower than the KTH SAF and 32.5% for the thinnest wheel.
When the KradalTM SAF was compared to the benchmarks the widest
wheel was 40.3% lower than the KTH SAF benchmark and 10.2% higher
than the concrete benchmark.

The SmartCell SAF was also tested for comparison to the KTH SAF,
Table 3.4. The SmartCell SAF had different results than the other two
SAF. The force needed to move the wagon was almost consistent even
though the wheels where changed in thickness. The SmartCell SAF
needed the lowest force to move the wagon of all three SAF. The thick-
est wheel was 26.5% lower than the KTH SAF and 7.8% lower than
the KradalTM SAF and only 2.6% higher than the standard wheel on
concrete.

The wheels were also tested on a normal concrete linoleum covered
floor to compare with the SAF, Table 3.5. Those results set a benchmark
in the expected increase rate of the force needed to move the wagon,
with a decreasing thickness of the wheels. The increase looked to be
rather linear, increasing as the thickness decreased. That was the case
for both the KTH and KradalTM SAF, but not for the SmartCell SAF.
The reason for the steady force needed on the SmartCell floor might
be because that it is harder than the other floors, therefore the wheels
do not sink as much into the floor which then results in a lower rolling
resistance.
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4.2 Head Impact Studies

The experiment was supposed to be conducted at a helmet testing lab
at KTH campus but there were hardware and software problems with
the helmet testing machine, therefore the experiment was conducted
at a helmet testing lab at MIPS. Setting up the experiment took longer
time since the models of the floors that where to be tested needed mod-
ifications to fit into the drop test machine. There were also some com-
plications that arose concerning the collected data from each setup.
There where conducted three iterations of each setup and some of the
data files where lost or overwritten when they where being extracted
from the drop test machine. Therefore only one result was available
from each experimental setup. More time was needed at the lab to ob-
tain more data from each experimental setup to obtain more reliable
results.

The purpose of the experiment was to examine if the floors could
provide the head with enough protection when a person falls. The
head impact from a fall is in most cases at an angle resulting in ro-
tational acceleration on the brain. This would imply that the setup
should have an incline so that the dummy head would experience
rotational acceleration. However, to place the samples at an incline
would most likely lead to inconclusive results since the head would
slip on impact with the floor. The surface of the floor could be modi-
fied so it would have more resistance resulting in less slippage on im-
pact. However, that would change the parameters of the floor which
would defeat the purpose of this experiment.

The speed needed for the experiment to be reliable was between
3.0 m/s and 5.0 m/s. The measured impact velocity was 3.0 m/s for
the 60 cm drop and 4.20 m/s for the 100 cm drop which indicated that
the drop test was within the set limit. The machine could not handle a
grater impact than from a 100 cm drop. Thus when the dummy head
was being dropped from 100 cm the machine was working at its full
capacity which could have lead to inconclusive results for that drop
height.

The first test which was conducted was the 60 cm drop, Figure 3.1
and Figure 3.3. When considering the resultant translational accelera-
tion the KTH SAF had the best results with a peak value of 79.7 g while
the KradalTM SAF had the highest value of 129.8 g. The 1st principle
strain was calculated utilizing the data collected from the linear and
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rotational acceleration and using FEM, Figure 3.3. The KTH SAF had
the lowest 1st principle strain with a value of 0.040 while the Smart-
Cell had the highest value of 0.055. These results where expected since
the KradalTM floor is the softest and the SmartCell the hardest.

The second part of the experiment was to drop the head from 100
cm, Figure 3.2 and Figure 3.4. The resultant translational acceleration
was a bit different from the 60 cm drop whereas the SmartCell had a
lower value than the KTH SAF but the KradalTM still had the highest
value. The SmartCell had a peak value of 164.9 g, the KTH SAF had a
value of 179.1 g and the KradalTM 211.4 g. However, when it came to
the 1st principle strain the KTH SAF had the best value of 0.049 while
the SmartCell had the highest value of 0.076.

A study McAllister et al. regarding maximum principal strain and
strain rate associated with concussion diagnosis, showed that the max-
imum strain in the brain obtained during a head impact which lead
to a brain injury was around 0.30 [9]. That means that for the tested
impact velocities the SAF would provide adequate protection to the
brain.
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Conclusion

The results from the rolling resistance showed that by increasing the
width and diameter of the wheels there was less force needed to move
the test wagon. However, the results where not as good for the KTH
SAF as was hoped for since they were not lower than the benchmark
set for the concrete linoleum covered floor.

Further test are needed to be done to investigate the problem re-
garding the indentation issues of the floor set up in Stureby. Some
research has already begun with different types of linoleum and glue.

When it comes to the head impact studies the KTH SAF showed
the best results of the three SAF when dropped from 60 cm. However,
when dropped from 100 cm the SmartCell SAF showed better results
in the resultant translational acceleration. That could be due to the
fact that the drop test machine was working in full capacity when the
head was dropped from 100 cm. The SmartCell SAF is the hardest
floor compared to the others which could have led to saturation of
machine causing inconclusive results in the 100 cm drop. Also, further
work could be done to obtain more reliable results such as doing more
iterations for each test setup. To conclude the head impact studies
when compared to data from other research, the results showed that
the KTH SAF could reduce the severity of a head injury from a fall-
related accident.
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Appendix A

Anatomy of the Human Head

The aim of the project is to investigate fall injuries of elderly people
(age > 65 years) with the main focus on head impact also to fix inden-
tion and rolling issues regarding the shock absorbing floor developed
at KTH. The goal is to examine if a shock absorbing floor designed at
KTH will protect the head from trauma from a fall. In this chapter
information regarding the anatomy and biomechanics of the human
head can be found.

A.1 The Human Skull

The human skull is a bone structure that protects the brain along with
maintaining the facial structure of the body. The skull can be divided
into two categories, the facial bones and brain case. The facial bones
are stationed on the anterior side of the skull and their purpose is to
form the face, capsule the eyes and act as a foundation for the teeth in
the upper and lower jaw, Figure A.1. The brain capsule has a rounded
shape and consists of eight bones of which include a pair of parietal
and temporal, frontal, occipital, ethmoid and sphenoid bones, Figure
A.1, and its main function is to case the brain and protect it from harm
[1].

An adult skull consists of 21 immobile bones and one mobile bone.
The immobile bones are a compact single unit and the movable bone
is called the mandible bone and it forms the lower jaw [1], Figure A.1.
Between the bones of the skull are gaps which contain dense connec-
tive tissue to hold the bones together. The connections of the bones
do not form a straight line but rather form irregular twists and turns
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which interlocks the bones better together and provides a better pro-
tection to the brain and strength to the skull [1].

Figure A.1: Anatomy of the adult human skull, identifying some of the
separate bones of the skull [2].

Each bone of the body consist of several types of bones, with a hard
outer layer and filled with a softer layer. The outer hard layer bone
consist of a bone type called compact bone while the softer inner layer
is called porous bone. The compact bones main functions is to case
and reinforce the inner structures of the bone. The porous bone has
many functions for example to form trabecula or small beams to sup-
port bone structures or to provide the bone with nutrients. The porous
bone has a higher surface area to volume ratio than the compact bone
since it is not as dense, which makes it more flexible but at the same
time weaker [3].

The bones of the brain case have a smooth surface containing a
compact bone on the outer and inner layer and sandwiched between
them is a less dense porous bone. The mechanical properties of the
bone types of the brain case differ since the bones have different thick-
ness and size. When the Young’s modulus of the bone types are com-
pared one can see that the compact bone is around 40 times higher
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ranging from 15k - 21k MPa while the modulus for the porous bone
ranges from 50 - 500 MPa [4].

A.2 The Human Brain

The Central Nervous System (CNS) of the human body consists of the
brain and the spinal cord. In this project the main focus will lie in head
trauma so the focus will be mainly on the brain. The brain has differ-
ent regions, the cerebrum, the cerebellum, the diencephalon, which
contains the hypothalamus and thalamus, and lastly the brain stem
[1], Figure A.2.

Figure A.2: Anatomy of the adult human brain divided into the major
regions [5].

The brain serves many different purposes, its neural activity helps
maintain a persons consciousness and regulates homeostasis in the
body. While the spinal cord is a single structure, the adult brain is not,
it can be divided into four major sections or lobes, the frontal, parietal,
temporal and occipital lobe [1], Figure A.3.
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Figure A.3: Anatomy of the adult human brain divided into four lobes [6].

The brain is split into two hemispheres, left and right hemisphere
and it consists of different tissues called white and gray matter. The
gray matter contains cell bodies, dendrites and axon terminals of neu-
rons while the white matter consists of axons connecting gray matter
to each other [1]. The brain is fragile and if damaged the body can lose
essential functionalities which can have severe consequences which
can lead to death.
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Fall Injuries

B.1 Head injuries

When considering head impacts, the brain is very sensitive to rota-
tional movements [7]. Early researches have shown that translation is
not as injurious to the brain as rotation is, that is mostly because of the
properties of the brain tissue which are almost incompressible. How-
ever, a linear impact to the head is more likely to fracture the skull than
to cause a traumatic brain injury (TBI) [8]. When a person falls and
hits the head the impact is more likely to inflict rotating movement to
the head which could lead to TBI [9]. TBI can be categorized into two
groups, focal and diffuse injuries where focal injuries mainly consist of
internal hemorrhage and skull fractures while diffuse injuries consist
of axonal injuries and concussion [10]. In the following sections the
different types of TBI will be listed and explained beginning with the
focal injuries and followed by the two categories of diffuse injuries.

B.1.1 Skull Fracture

Skull fractures are usually a result from a heavy impact to the skull.
There are several classifications of skull fractures, an example being
location classifications, when there is a fracture in the base of the skull
or at the brain case. There are also classifications for how the skull is
fractured like linear, comminute or depressed fractures. Comminute
or depressed fractures usually need greater force than linear fractures
and are usually a result of a blunt force impact to the head. It is how-
ever hard to connect the mortality rate for skull fractures alone, since
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they usually interlinked with other symptoms of TBI [10].

B.1.2 Hematomas

Hematomas are classified as an internal hemorrhage within the brain
and are usually a result after the head experiences a trauma. After a
TBI arteries, veins, sinuses or dipoles can rupture and result in inter-
nal bleedings, that is commonly known as a hemotoma. Hemotomas
are categorized after their location within the brain and are defined as
epidural (EDH), subdural (SDH), subarachnoid (SAH), intracerebral
(ICH) and intraventricular hemotoma (IHV) [10]. SDH and ICH are
more likely to occur when the head experiences an impact resulting in
a rotating movement of the brain [8].

The EDH has the location between the inner surface of the skull and
the dura and is usually a result from a skull fracture when an artery is
torn and is more likely to be caused by a linear impact to the head [10].

The SDH has the location between the dura and the arachnoid and
is the most common and severe hematoma along with diffuse axonal
injuries (DAI) after a TBI [8]. SDH is usually a result of brain move-
ment and displacement after a heavy impact to the head, Figure B.1.

Figure B.1: Impact to the head that might cause a SDH [11].

The ICH is located within the cerebral parenchyma, and can be
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categorized as primary and secondary ICH. Primary ICH is usually
caused from ruptures in cerebral arteries, while secondary usually is a
result from contusions or lacerations in the frontal or temporal lobes.

SAH and IHV are mostly considered having minor clinical signifi-
cance, since the hemorrhage is in rather small amounts [10].

B.1.3 Concussion

Concussions are usually defined as a short disturbance in neurological
function and are caused as a result of a rapid acceleration or deceler-
ation, Figure B.2. Concussions may lead to long or short term loss of
consciousness and are in most cases considered a mild TBI [10].

Figure B.2: Illustration of a head impact that might induce a concussion [12].

B.1.4 Axonal Injury

Axonal injuries can occur after the brain has moved within the skull as
a result of an impact to the head which consequently disrupts diffuse
patterns of the neurones of the brain tissue. Axonal injuries can have
devastating effect on the brains function and can lead to disability of
certain body parts or cause a total vegetative state [10].
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B.2 Fall Injuries of the Elderly

Fall injuries can be linked to about 1500 deaths, 270.000 visitations to
the emergency care where 70.000 of them are admitted to hospital care
each year in Sweden [13]. Fall injuries are considered the dominant
source for head injuries in Sweden [14]. The elderly (> 65 years) are
more prone to falling since many of them suffer from impaired vision,
lack of reflexes or loss of muscle strength. The elderly are also more
fragile and are in more danger of resulting in severe injuries from falls
due to osteoporosis and over all aging of the body [9].

There are some methods that can help prevent the elderly from
falling. There have some studies been done that show that by strength-
ening the lover body of the elderly they are better suited to prevent
them selves from falling [15]. Also by training the elderly using task
specific training to alter their trunk movement, other studies have ef-
fectively show a decrease in the risk of falling due to trips among the
elderly [16]. However these methods only reduce the chance of falling
accidents, they do not ensure that the people do not fall, so other meth-
ods can be applied to reduce the severity of the injuries when a fall
accident occurs.

One of the methods that can be used to reduce the severity of the
injuries it to use hip protectors. However some studies have shown
that the use of hip protectors have no significant effect in reducing hip
fractures of the elderly [17]. Another method to reduce the severity of
fall injuries is to use alter the environment around the elderly people
by for example using shock absorbing floor.
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Shock Absorbing Floor

There are numerous ways to reduce the severity of fall injuries, and
one of them is to have shock absorbing floor. The main idea of a shock
absorbing floor is that when a person falls to the ground, the floor
will absorb the shock of the fall and thereby reduce the impact force
resulting in a less severe injury. Studies that have been done on shock
absorbing floor have shown that they can reduce the forces applied to
the hip during a fall impact by up to 47% [18]. Other studies have also
shown that they also can reduce the Head Injury Criteria (HIC) and
therefore could be an efficient strategy for the health care organization
to reduce head related injuries from fall accidents [19].

It is currently high on the agenda of health care organizations to
modify the hospital environment, which includes elderly homes, to
ensure better patient safety [20]. By introducing shock absorbing floor-
ing to the hospital environment, the organization can reduce the sever-
ity of fall related injuries, which would therefore ensure better patient
safety.

C.1 Floor Systems of Today

As of today there are at least two floors with shock absorbing abili-
ties, and they are from, KradalTM and SmartCells. The material the
KradalTM floor consists of polyurethane foam while the SmartCells is
made of rubber cylinders which compress during application of force.
Researches have been done on both of these floors that prove the con-
cept of the floor [13].
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The KradalTM floor has been installed at a care facility in Sweden.
Researchers have collected data ranging over two and a half years to
investigate the effectiveness of the floor. In that time period they found
out that the injury rate had been reduced from 30.3% to 16.9%. They
also created a statistical model which showed that the floor could re-
duce the risk of injury by up to 59% [21].

The SmartCells floor has also been set up in care facilities but mainly
in the United States. Researchers gathered data from a two and a half
year period from a care facility that was using the SmartCells floor.
When the SmartCells floor was compared to normal flooring it re-
sulted in less bruising and abrasions. Their research concluded that
the SmartCells floor reduced the fracture rate from 2.4% to 0% [22].

C.2 Shock Absorbing Floor from KTH

A shock absorbing floor has been developed at the department of neueron-
ics at KTH by Svein Kleiven and Hans von Holst, Figure C.1. It is made
of a rubber material and it uses tightly packed pins that bend when
loaded which then absorbs the forces that act upon the flat overlaying
surface of the floor. The pins also contribute to reducing the rotational
acceleration of an oblique impact since they permit movement and dis-
placement [23]. The Technical Research Institute of Sweden have done
impact studies on prototypes of the floor and compared the results
with tests done on wooden flooring. The result from the tests con-
cluded that there was a reduction of up to 66% in acceleration and up
to 75% reduction of force during impact.

Figure C.1: A prototype of the shock absorbing floor developed at KTH.
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C.3 Issues Regarding KTH Designed Floor

The intended use of the floor is to be set up in elderly homes to reduce
severity of fall injuries. The floor has been set up in a care facility in
Stureby in Sweden. As of now there are some issues with the floor, for
example the floor makes it harder to move objects on wheels around
and the wheels can form a permanent indentation in the floor if they
stay at the same place for some time, Figure C.2. Therefore one goal
of the project is to try and figure out if it is possible to re-design the
devices being moved without altering the design of the floor.

Figure C.2: The floor at Stureby, arrows pointing at indents in the floor.

Studies have shown that there is a relationship between the rolling
resistance of an cylindric shaped object and the width of the cylinder
[24]. A formula for rolling resistance can be derived from equations
regarding the normal force acting on a wheel, Equations C.1 - C.3 [25]
[26].

W =
π

4
Ebδ (C.1)

F = CrrW (C.2)
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Crr =

√
δ

2r
(C.3)

Where W is the normal force acting on a wheel, E the E-modulus
of the floor, b the width of the wheel, δ the dept the wheel sinks into
the floor (indentation), Crr the rolling resistance coefficient and r the
radius of the wheel. By combining these formulas and solving for the
rolling resistance the following formula can be derived:

F =

√
2W 3

πErd
(C.4)

WhereF is the rolling resistance,W the normal force,E the Young’s
modulus of the floor, r the radius of the wheel and d the width or thick-
ness of the wheel.

Then in theory, by increasing the width and/or the radius of the
wheels, the rolling resistance should decrease. Also by increasing the
surface area of the wheels they will not sink as much into the floor, and
thus, creating a smaller indentation in the floor. As of now the wheels
on a normal hospital bed at Stureby sink into the floor and leave an
indentation mark in the floor, Figure C.3.

Figure C.3: Wheels of a normal hospital bed at Stureby forming an
indentation on the floor.
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