REPUBLIC OF TURKEY
DOKUZ EYLUL UNIVERSITY
HEALTH SCIENCES INSTITUTE

INFLUENCE OF REDUCED PLANTAR
SENSATION AND MUSCLE WEAKNESS ON
PLANTAR PRESSURE DISTRIBUTION

Berrak YIGIT, PT

NEUROLOGICAL REHABILITATION
MASTER OF SCIENCES THESIS

IZMIR-2007



REPUBLIC OF TURKEY
DOKUZ EYLUL UNIVERSITY
HEALTH SCIENCES INSTITUTE

INFLUENCE OF REDUCED PLANTAR
SENSATION AND MUSCLE WEAKNESS ON
PLANTAR PRESSURE DISTRIBUTION

NEUROLOGICAL REHABILITATION
MASTER OF SCIENCES THESIS

Berrak YIGIT, PT

Advisor: Assoc. Prof. S. Ufuk YURDALAN, PhD, PT
Advisor: Assist. Prof. Hans H.C.M SAVELBERG, PhD

Socrates-Erasmus Exchange Program 2005-2006

University of Maastricht
Faculty of Health Sciences

Human Movement Science Department



© 0 N o g B~ wDbdPRE

CONTENTS

LISt Of Table. ..o e e e
List of Figures and Graph ... ii..
ADDIEVIATIONS ...ttt e e e e e e ii
B[ 011> Y7 1
1] = Lo = 2-4
101 oo 13 o 1o o I 5-12
Material and Methods.............coiiiii i e a2, 13519
RESUILS ... et e e 20-26

(DI od U 13T o]  F U2 £ ¥ §

MO 2 o) (1 (=] (oS IR 225 o

0 A 1= o 1 . 14

Appendix A: Ethical Committee Report (In Dutch).........cccooviiiiiiii i 37-38
Appendix B: Ethical Committee Report (In ENglish). .o oo, 39
Appendix C: Informed Consent FOrM.........ooo oo e e 40
Appendix D: Data form........ooo i e e 41



List of Tables

Table 1: Subject’s characteristics

Table 2: Mean temperatures for iced and combineditions

Table 3: Mean peak pressure values of medial hotdto all conditions

Table 4: Mean peak pressure values of lateral botdbr all conditions

Table 5: Mean peak pressure values of medial midtovall conditions

Table 6: Mean peak pressure values of lateral rotdfur all conditions

Table 7: Mean peak pressure values of the firsataetal head for all conditions
Table 8: Mean peak pressure values of the secotatamsal head for all conditions
Table 9: Mean peak pressure values of 3-4-5 meadtheads for all conditions
Table 10: Mean peak pressure values of hallux|famoaditions

Table 11: Mean peak pressure values of the secanft all conditions

Table 12: Mean peak pressure values of 3-4-5 treslifconditions

Table 13: Interaction between waistcoat conditiod areas

Table 14: Interaction between iced condition arshar



List of Figures and Graph

Figure 1: Pressure platform

Figure 2: Wooden walkway

Figure 3: Temperature measurement

Figure 4: Ice immersion

Figure 5: Waistcoat back

Graph: Mean pressures for all areas under fouemifit conditions



BMI : Body mass index
Kg :Kilogram

m :Meter

°C  :Degree Celsius
MTHs: Metatarsal heads

Abbreviations



SUMMARY
Influence of Reduced Plantar Sensation and Muscle ¥akness on Plantar
Pressure Distribution
Berrak Y IGIT, PT

Purpose: To determine the isolated contribution of reduckhfar sensation and of muscle
weakness by simulating them on healthy subjectsaivasd.
Material and Methods: The study group consisted of 18 subjects (20 - ddrs/ old).
Subjects walked in 4 different conditions (conditi@ was normal condition walking in
normal gait pattern, condition 2 was reduced mustiength walking by wearing waistcoat
contains 40% of subject’s body weight, conditionv&s reduced plantar sensation walking
after 12 minutes ice immersion approach and camdii was combination of conditions 2
and 3) with their preferred walking speed. Plastaface of the foot divided into ten different
areas (two areas for hindfoot, two areas for migjfdoee areas for MTHs (1, 2, 3-4-5) and
three areas for toes (1, 2, 3-4-5).
Results: There was significant main effect of all areasthaf waistcoat condition and of iced
condition (F=66.11, F=57.27, F=14.39 prospectively)ere was insignificant main effect of
combined condition. There were significant intei@cteffects between the areas and the
waistcoat condition (F=5.71) and between areas thediced condition (F=7.28). Peak
pressure on areas 5, 6 and 7 were higher than ateas under iced condition. Peak pressure
on areas 3 and 6 were higher than other areas wrasticoat condition.
Conclusion: Reduced plantar sensation had more effect on plagmessure than muscle
weakness whereas both of them had no effect onthlyestibjects. This result may project to
diabetic patients with reduced plantar sensatiod dasensitization training should be
considered to manage that problem.
Key words: Reduced plantar sensation, muscle weaksg, diabetic foot



Diabetes is a common condition affecting patiemtshie developed and developing
countries. Complications affecting the lower limkreaamong the most common
manifestations of diabetes, and those precipithyedeuropathy include ulceration, infection,
and even amputation. Diabetic foot ulceration sigmificant cause of morbidity. In which
case, it can lead to prolonged hospital stays, wisi@videnced by the fact that approximately
20% of hospitalizations related to diabetes involdimbetic foot ulceratioh. Some
observations show that foot ulceration occurs ifl1& diabetic patients and those patients
are 15-46 times more likely to have an amputatian thon-diabetic patientdn addition,
about one in five hospitalizations among diabetatignts are directly related to foot
ulceration. The costs of treating get a higher lldvecause of ulceratiorisTherefore,
identification of the risk factors of foot ulcerati can help prevent ulceration and decrease the

prevalence numbers.

The major reason why ulceration is a big problernthésfactors that contribute to their
development have a larger varfetyrhe factors which cause ulceration are existavfce
neuropathy, peripheral vascular disea8esgeneralized limitations of joint mobility,
overweighf, structural foot deformiti€$ and soft tissue damagdésBecause the person can
no longer notice when his/her feet become injupsmple with diabetic neuropathy are more

likely to develop foot problems such as skin lesiand ulcers that may become infetféd

Diabetic neuropathy is one of many complicationsoamted with diabetes, with
approximately 60 percent of diabetics having soammfof nerve damagelt is a progressive
disease that can cause loss of sensation, as welkhim and weakness, in the feet and
sometimes in the harfd$'*® Diabetic neuropathy may affect both afferent asfférent
pathways of the lower extremity’* Motor nerves (efferent pathways) send impulsemfr
the brain and spinal cord to all of the musclethanbody. This allows people to do activities
like walking or moving the fingers to pick somethiaop. Motor nerve damage can lead to
muscle weakness, atropfydifficulty walking or moving the arms, cramps asgasms.

Sensory nerves send messages from the musclesabidiekspinal cord and the brain (afferent



pathways). Special sensors in the skin and deégeitise body help people identify the shape
of an object, the temperature of an object or'sfstanding still or in motion. Sensory nerve
damage often results in tingling, numbness, paid, extreme sensitivity to toucf’® After
these nerve damages (with severe neuropathy) @gaianay develop. Neuropathy causes
problems in feet by disrupting nerves, both redygaansation of pain and causing problems
with the way of walk. Such problems can damage feethe different ways; reduced
sensation prevents recognizing foot which has begmed; failed muscular control causes
walk in an abnormal pattern. By changing the patterd distorting the position of the feet,
neuropathy can increase pressure-related injwsies) as calluses or blisters, and deformities
which modify the gait’

The loss of protective sensation stops the pafremh being warned that the skin is
being injured and may result in skin loss, blistngl ulcersthe loss of protective sensation
causes to anhidrosis and dry fissured skin alsdribotes foot deformity, which leads to
abnormal pressure distribution in the foot whemditag or walking'® Therefore patients with
diabetic neuropathy have different walking patterfisese changes on gait may lead to a

differentiation of plantar pressures distributfoh.

Previous studies showed that patients with diakpigpheral neuropathy have obvious
muscle weakne$$?*?* Motor neuropathy leads to atrophic changes in fdw muscles
which result in foot deformity and reduced joint oility®. This atrophy occurs on intrinsic
muscles of the foot, thus upsetting the delicatarz between flexors and extensors of the
toes. This failed balance results in foot deforesitsuch as hammer toes, claw toes, prominent
metatarsal heads, and pes cavus. Unfortunatelyctstal deformities are common sites of
abnormally high pressure, and repetitive pressirietwcauses to tissue breakdow*?The
changes in plantar pressure distribution are prhgbedlated to diabetic foot ulceration.
Therefore, identifying the changes in plantar puesglistribution is the most important step

in reducing the rate of foot ulceratién.

Especially, to identify problem based rehabilitatepproach; reduced plantar sensation

and muscle weakness should have an isolated oliservBlowever, diabetic patients have



not only these factors but also some more compicaf>** Then simulation studies on
healthy subjects must be conducted.

Therefore, the aim of this study was to determhee isolated contribution of reduced
plantar sensation under the foot and of muscle mesk To do so, these factors are
separately simulated in healthy subjects. To sitedtast sensibility, plantar sensation will be
reduced by submerging feet in ice water and to lsitaumuscle weakness, subjects will wear
a weight waist. Our hypothesis was that reducedtptasensation, muscle weakness, and also

both of them result in a substantially modifiedrppéa pressure distribution.



Introduction

Diabetes Mellitus

Definition

Diabetes mellitus is a metabolic disorder whichoals an incurable disease
characterized by high levels of blood sifgalt can be caused by little insulin (a hormone
produced by the pancreas to regulate blood sugesistance to insulin, or béth Except
acute complications, through long-term effects etabolic anomalies and damages on eyes,

kidneys, nerves and blood vessels, diabetes magied as a syndrofie

Classification

There are 4 basic types of diabetes meflitus

I- Type | DiabetesThis type is characterized by the lack of insulheduction. It can be
named as insulin-dependent or childhood onset.

a- Caused by immune system

b- Idiopathic
[I- Type Il Diabetes: This type is result from thedy’s ineffective use of insulin. It can be
named as non-insulin-dependent or adult onset.
[lI- Other Specific Types

a- Genetic defects dhcell function

b- Genetic defects on insulin activity

c- Pancreas diseases

d- Endocrinopathies

e- Caused by drugs and chemical materials

f- Infections

g- Rare forms cased by immune system

IV- Gestational DiabetesThis is hyperglycemia which is diagnosed duringgorancy.



Impaired Glucose Tolerance and Impaired Fastingc&idgnia are intermediate
conditions in the transition between normality ahdbetes. People with impaired glucose
tolerance or impaired fasting glycaemia are at higk of progressing to type Il diabetes,

although this is not inevitable.

Epidemiology

Prevalence of diabetes mellitus is increasing de@ipgnon socio-economic factors,
changes in physical activity level and obesitytHa twenty years ahead, according to World
Health Organization estimating scores, number abelic people will be approximately 200
million more. For all over the world, prevalence dibetes mellitus was 2.8% in 2000
whereas in 2030 it will be 4.498. Naturally, diabetes mellitus complications willsal
increas€’. The study of Turkey Diabetes Epidemiology Group 2002 showed that
prevalence of DM was 7.2%; impaired glucose tolegamas 6.7%5. In 2000 426.000 people
in the Netherlands were diagnosed with diabetesimr#D30 these figures may increase to
720.000. In 2003 the diabetes prevalence in thaeieinds was 600.000 with an incidence of
4.5 per 1000 inhabitarifs

Complications

Diabetes has acute and chronic complicalfofi€® These are as follow:

Acute Complications
1- Diabetic cetoacidose
2- Hyperosmolar nonketotic coma

3- Hypoglycemia

Chronic Complications

1- Diabetic microangiopathy
a- Diabetic retinopathy
b- Diabetic nephropathy

2- Diabetic macroangiopathy (atherosclerosis)



a- Coronary artery disease
b- Cerebro-vascular disease
c- Peripheral artery disease
3- Diabetic Neuropathy
a- Symmetric peripheral polyneuropathy
b- Autonomic neuropathy
c- Asymmetric mononeuropathy
d- Radiculopathy
e- Diabetic amyotrophy
4- Infections
5- Diabetic foot
6- Dermopathies

7- Depression

In our simulation study, we used diabetes melliassa model and we focused on
diabetic neuropathy and diabetic foot ulcers. Tioeeg from chronic complications, diabetic

neuropathy and diabetic foot ulcers are explained.

Diabetic Neuropathy

Diabetic Neuropathy occurs in 25% of people withbdites mellitus ten years after they
are diagnosed and 50% of patients who have hadisease for twenty yedfs”. Different
types of diabetic neuropathy have different cauiesearchers are studying the effect of
glucose on nerves to find out exactly how prolongeghosure to high glucose causes
neuropathy. However there are not known exactly @emmon idea is that nerve damage is
composed of a combination of factdrs:

- Metabolic factors, such as high blood glucose

- Long duration of diabetes, possibly low levelsrafulin

- Abnormal blood fat levels

- Neurovascular factors, leading to damage to tloedo vessels that carry oxygen and
nutrients to the nerves

- Autoimmune factors that cause inflammation irvesr



- Mechanical injury to nerves, such as carpal tusgadrome, inherited traits that increase
susceptibility to nerve disease

- Lifestyle factors such as smoking or alcohol use.

Diabetic neuropathy can be classified as periphemionomic, proximal, and focal. Each

affects different parts of the body in 4 differevays:

1. Peripheral neuropathy can be seen frequently bilaterally on lower exities Stocking-
glove sensory loss is the main symptom. Symptonttudie numbness, insensitivity, a
tingling, burning, or prickling sensation, sharpngaor cramps, extreme sensitivity to touch,
even a light touch, loss of balance and coordinatli@mss of sensation may cause neuropathic
foot ulcers, loss of proprioseption may cause dabrders and also especially may cause
Charcot deformity. These symptoms are often wotsgght>?>***Mostly pain disappears

within six months or one yeHr

2. Autonomic neuropathy results in changes in digestion, bowel and bladigiection, sexual
response, and perspiration. It can also affechérges that serve the heart and control blood

pressure.

3. Proximal neuropathy, sometimes called lumbosacral plexus neuropatiemofal
neuropathy, or diabetic amyotrophy, starts witmpgaithe thighs, hips, buttocks, or legs. In
type Il diabetes, it can be seen more often. M#ateof proximal neuropathy is weakness in
the legs'®

4. Focal neuropathy results in the sudden weakness of one nerve, gnoap of nerves,
causing muscle weakness or pain. Any part of thlyboay be affected. Main symptom is
pain. Pain can occur on the different parts oftibdy such as in the front of a thigh, in the
chest, stomach or inside the f6o:*

Loss of Sensation

Diabetic people have significant deficits in taetgensitivity, vibration sense, lower-

limb proprioception, kinesthesia and muscular fiomé?3*3¢ The loss of sensation associated



with diabetic peripheral neuropathy results in imgeh balance, altered gait patterns, and
increased risk of fallintf>> People with diabetic peripheral neuropathy digpimeater
postural sway when standifigand many gait studies have reported charactedktages in
walking patterns associated with diabetic peripheearopathy, including decreased power

generation at the ankle, decreased knee joint dilgexiand decreased ground reaction

forceg?34:3%

Muscles and cutaneous receptors transport senspuy io the central nervous system.
Central nervous system uses this input to produsempatterns for posture and gait. The
receptors are also important for feedback to unaedsinformation about loading, joint

kinematics and pressure distribution on the plasuaiace of the fodt. %

The loss of protective sensation results in repetitrauma from an area of high
pressur@’. Pressure can not be noticed; therefore blistetissares may appear on insensible
areas of the foot. If foot injuries are not treapedperly, the infection may be contaminated to
the bone, and then an amputation may be needede Bswarchers reported that half of all

such amputations are preventable if minor probleeeted in time:"3%%
Muscle Weakness

Motor nerves damage, dysfunctions and atrophyheedsults of the motor component
of the neuropatm?®>"*® Muscle weakness is related to neurogenic atroytigh caused by
axonal degeneration of the motor fibers

Motor neuropathy leads to weakness and atrdiyhe intrinsic muscles of the foot,
this resulted in disrupting the delicate balandsvben flexors and extensors of the toes. Thus
weakness leads to the development of hammer t&®s,toes, prominent metatarsal heads,
and the collapse of the midfoot and pes cavus. &B#sictural deformities cause abnormal

high and repetitive pressure, and this could résulssue breakdowh'*??

Diabetic Foot Ulcers

Foot ulceration is a major complication of diab&és'® There are many risk factors

which is related to diabetic foot ulceration, imtihg peripheral neuropathi} 4041424344



peripheral vascular disease, other microvasculamptioations, previous ulceration,
infectiond®, dermal lesiorfs*****4? bjomechanical dysfunctions, high plantar
pressures***® limited joint mobility’, elderly patient, patient who lives al8ri&*!4243

Peripheral neuropathy is the most important compbagreasons for foot ulceration, as well

as foot deformities and traurfa 1141424344

High plantar pressure and sensory deficit is maimgponsible for ulceratioh™
Neuropathy and foot tissue under continuous stiEssspeed up development of foot ulcers.
Continuous pressure results in callus formationluSdormation increases foot pressure at
least 30%. Callus formation and foot ulcers carséen mostly under metatarsal heads and

under hallux*’

High foot pressure is an important risk factor foot complications. Foot pressures
were higher cause of neuropathy, deformity, callaed previous foot ulceration or

amputatiorf?

Plantar Pressure

The plantar surface of the foot is exposed to gilorgaction forces in case of weight
loading, like walking, standing. The pressure (o stress) is the same as normalized force
(force/area). The ground reaction forces measuas isiuch as the weight of the body if the
person is standing on foot. Each foot receives ¢falhe body weight evenly distributed over
the plantar surface. The body weight mainly appéiegertical force and a small horizontal

one?9%0

The pressure is focused over the heel and veryaféset the forefoot. When a person
walks, the situation changes; now, the stress ialynan the foot rather than the heel. One of
the reasons is that the entire weight is accundilatea single foot for a certain time. Only

22% of the time when walking, both feet step atshme timé?

0 Another reason is about
rollover of the foot which is a component of tharste phase of gatt In normal gait, firstly,
foot revolves around the heel, then revolves arcamde joint, metatarsal head and finally

around the hallux. As mentioned above, differemit fparts contact with the ground during
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stance phase at different durations. Thereforejnduanteriorly progression of ground
reaction forces, support surface also differs ae and location. Heel makes contact at the
first approximately 64% of the stance phase. Thefémt and toes make contact at the last
59% of the stance phase. If such is the case,dmekeforefoot are in contact together during
the middle 23 % of the stance ph&3&he last reason is that ground reaction forcesrdify

in magnitude. There is a double- hump curve; fiesak represents landing on the heel and
second peak represents pushing off with forefodhatend of stance phase. These peaks are

approximately 1.2 time’s body weight with the pregel walking speed*°

Normally, heel and forefoot get higher peak presshan midfoot. During normal gait
pattern, the highest peak pressure occurs on tligahrmaetatarsophalangeal area and on the
hallux.” It shows that areas which have higher pressure chayge depending on body
weight and walking speed. Normal gait pattern mé&o énave biomechanical alteration
because of the morphological nature, physical #gtimge and the presence of some disease

such as loss of sensation and muscle weaknessidayiséabetic peripheral neuropathy.
Influences of Loss of Sensation and Muscle Weakness Plantar Pressure

Gait can be assumed as a result of a harmoniclatore between neural and muscular
coordinated action which need skeletal functionlufa in this harmonic relationship may
results in changes in the locomotor patf@Retrofsky et al. reported that diabetic patiengs a
at risk for falling even if they do not have angdoof sensation. However they have muscle
weakness which breaks down the harmony of {dihis may also explain why there was a
change in pressure distribution in the feet in dimbpatients, even in the lack of apparent
sensory impairment Motor dysfunctions such as muscle weakness wigistlts in deficits
in foot joint mobility and orthopedic deformitiesigsificantly changed peak plantar
pressure?

Reduced plantar sensation leads to a modifiedwgdith is marked with more attentive
contact to the grourdd Eils et al. showed that reduced plantar sensatfatts all over the
lower limb during gaf’. Somatosensory impairment studies reported thaattal sensation

has a great influence on gait and posftftand also high pressure distribufianThe
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cutaneous receptors get information from muscgjdns, ligaments and joint capsules. The
somatosensory system also gets some informatiom fihe same structures. It is well known
that this information is useful to control balanaed gait*** Reduced plantar sensation
modified rollover pattern of the foot. This modditon leads to alteration in plantar pressure

and gait®

12



Material and Methods

Subjects

The study was started with 20 healthy subjects (mmge 25.2+6.5 years old) but
completed with 18 subjects. During test procediwse,of the subjects was dropped out due to
ice intolerance. Diabetic patients have not onlysahel weakness and loss of sensation but
also some more complicatioffs’* Then, to identify separate effects of muscle weakrand
loss of sensation on plantar pressure must be coedion healthy subjects.

The subjects were included if their age over 18gjemormal walking pattern; visual
inspection showed no obvious abnormalities, norfoat pressure distribution; evaluated
using visual inspection of foot pressures with tiedp of a pressure plate.The subjects were
excluded if they had neuro-musculoskeletal and opethlics disorders, pes planus,

cardiopulmonary diseases and body mass index (BMB.
Procedures

The study was made at Maastricht University, Maa#tThe Netherlands, in Health
Sciences Faculty, Movement Science Department laawgyr. It was approved by the Local
Ethics Committee of Maastricht University Hospitdllaastricht, The Netherlands (See
appendix A for report in Dutch and appendix B fepart in English). The subjects were
instructed about the experimental protocol and theestions were answered and they signed
an informed consent form (See appendix C).

Equipment
Testing procedurgvas performed with the commercially available EMBD-system
(EMED AT-2, type 1377/2, 50 Hz, Novel GmBh; MunidBermany). The sensor platform

accommodates 2736 capacitance transducers withadqtasition at a rate of 50 Hz (figure
1).
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Figure 1: Pressure platform

Patients were asked to walk across a wooden walkmegsured 12 m long. The plantar
pressure platform was placed in the middle of taékway (figure 2).

Figure 2: Wooden walkway

The walking velocity was measured by two infraredsor poles placed two meters apart.
The first sensor and a digital timer were positaire front of the pressure platform. The second

14



infrared sensor was positioned behind the platfanch stopped the timer if it was interrupted. The
sensors were set at shoulder level to prevent mentsof arms or legs that may trigger the timer
too early as the subject passes through them.

The temperature of the plantar area was measutéé aeel, the forefoot and the hallux
with a K type thermocouple (Testo 901). When thesee of this device touched the skin,
temperature was immediately measured (figure 3).

Figure 3: Temperature measurement

Pre-testing Procedure

Body weight, body height and age were measuredrecorded on a data form (See
appendix D). After this process, the subjects vasieed to stand on the pressure plate with
their right foot to measure if he/she has pes @amunot.

The preferred walking velocity was determined dgrihis pre-testing period after
several trials that were done to familiarize witle equipment and to find the right starting
point. This precaution was important to eliminategosely targeting the plantar pressure
platform. This velocity equaled their preferred kiady velocity. A small range of variance
was allowed (x5%) to make it practicable for théjeats to perform the tests. The subjects

15



walked five times at their normal preferred walkinglocity to increase the reliability of

measurements and to calculate an average valweafking velocity.

Testing Procedure

Normal Condition

All the results were compared with the normal wadkpattern. Thus, the subjects firstly
walked without iced feet and without wearing waostcin a normal walking pattern. Every

walking condition was done five times.

Reduced Plantar Sensation

The plantar sensation was reduced by iced immetsidmique. Foot immerged to the
level of the medial malleolus in ice water (0-1%6) twelve minutes (figure 4). The subject
sat on a chair with feet on a metal grid that wiagqd in a polystyrene container. The feet
was placed on a grid that was surrounded by iceg@rwsp plantar surface could be cool
efficiently.

The feet dried off at the end of twelve minut€se temperature of the plantar area was
measured at the heel, the forefoot and the halltnen the subject walked over the walkway.
The measurement was successful when the velocywithin the determined range and if the
foot was placed just centre of the pressure platfdhe subject had to walk without targeting
the platform to avoid changing the gait pattern/sHe had to pass trough it simultaneously.
After two measurements the participant was pladgfthér feet back into the ice water for one

minute to sustain the effect of the cooling.
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Figure 4: Ice immersion

Reduced Muscle Strength

Muscle weakness was simulated by wearing a waistwmataining 40% of the body
weight (figure 3.2.5.1). The waistcoat can incredise body weight, without seriously
disturbing the participant’'s centre of mass, beeahs added weight is placed very close to
the body.

Then, the subject walked througie walkway. The measurement was successful when
the velocity was within the determined range anthd foot was placed just centre of the
pressure platform. The subject had to walk withangeting the platform to avoid changing

the gait pattern. He/she had to pass trough itlsameously.
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Figure 3.2.5.1: Waistcoat back
Combination of Factors
The third walking condition was a combination o #tonditions mentioned above.

Data Analysis

Measurements of total force, peak pressure andrdeeof contact were displayed on the
monitor immediately after the walk, together withcalor-coded pressure pattern. This
information was recorded and analyzed by the coerput

18



Peak pressure the primary indicator for studyirgyribks of skin break down® which

was the main parameter for this study.

Data was analyzed by commercial software Novel xda Pro, version 11.38.
Parameters were determined in 10 different aadi@s using the PRC mask for subdividing
the foot: two areas for the heel and the midftloge areas for the forefoot, and one each for
the hallux, second toe, and lateral toes. Paraméberevery area were calculated in novel

projects with novel automask.

Statistical Analysis

Individual means of five repeated trials was calted. For statistical analysis, SPSS
10.0 for Windows (Standard Version, 1989-1999) igtiat program was used and
significance level was accepted if p < 0.05. Aeef 1-way repeated-measures analyses of
variance (ANOVAs) was used to evaluate within satgj@ffects of different conditions (iced,
waistcoat and combined) and normal walking. Aftesignificant main effect for conditions
was determined, a series of pairwise comparisors peaformed to assess for differences
between the four groups. The repeated-measurepdndent factors used were the ten

different areas, waistcoat condition and iced coowali
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Subjects

Two of the subjects could not participate becaus¢he ice intoleration. Subject’'s

characteristics can be seen on table 8.1.1.

Table 1: Subject’s Characteristics

Body Weight
Gender (n) Age (years) (k) Body Height (m) BMI (kg/m?)
Male | Female Mean SD Mean SD SD Meah 5D
6 12 25,72 6,52 71,44 11,7\ 0,1 22,03 P 5

SD: Standard deviation

The mean of preferred walking velocity was 1.44€etond.

Immerging the feet in the ice water for twelve mesireduced the skin temperature

approximately 1% under heel, hallux and forefoot (table 8.1.2)bl&a8.1.2 represents the

mean temperature of the skin during both the icetlcmmbined conditions.

Table 2: Mean Temperatures for ice and combineditions.

Heel | Hallux| Forefooit
Mean
(OC) 13,01 11,71 12,28

SD 1,7 1,7 1,3
SD: Standard deviation

Peak Pressure

For this section, area representations are asallo

Areal ..o medial hindfoot
Ar€A 2 .o lateral hindfoot
Area 3 ..., medial midfoot

20



Aread ..o lateral midfoot

AreasS ... first metatarsal head
Area6 ......ocoovviiiiiiiiin second metatarsal head
Area 7 ..o 3-4-5 metatarsal heads
Area8 ..o hallux

Area 9 ... second toe

Areal0 ..., toes 3-4-5

For this section condition representations arebew:

Condition 1 ........cevieininnns normal walking

Condition 2 .......cccevvvvninns walking with waistcoat

Condition 3 .......coceiiiiennn. iced condition

Condition 4 ........ccoceievnenns combination of ice and waisait@ondition

Table 3: Mean peak pressure values of medial hotdto all conditions.

Area 1l I(\/Ik;aar)\ SD n
Condition 1| 487.55( 109.2§ 18
Condition 2| 412.53| 70.65 18
Condition 3[ 449.69| 99.34 18

Condition 4| 382.56( 108.97 18
SD: Standard deviation
n: number of subjects

Table 4: Mean peak pressure values of lateral botddr all conditions.

Mean
Area 2 (kPa) SD n
Condition 1| 466.30| 90.75 18
Condition 2| 405.64| 75.18 18
Condition 3| 455.44| 88.12 18

Condition 4| 352.80( 61.36 18
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Table 5: Mean peak pressure values of medial midéoall conditions

Mean
Area 3 (kPa) SD n
Condition 1f 92.11 | 40.43 18
Condition 2| 93.02 | 35.27 18
Condition 3| 76.46 | 27.47 18

Condition 4| 85.82 28.94 18

Table 6: Mean peak pressure values of lateral ratdfar all conditions.

Area 4 I(\/Ik;aar)\ SD n
Condition 1 105.61| 30.49 18
Condition 2[ 93.49 | 22.13 18
Condition 3| 91.00 | 23.96 18

Condition 4| 88.26 24.42 18

Table 7: Mean peak pressure values of the firsataretal head for all conditions.

Area 5 I(\/Ik;aar)l SD n
Condition 1] 310.56| 126.5] 18
Condition 2| 278.84| 90.66 18
Condition 3| 341.07| 99.01 18

Condition 4/339.29 | 160.07| 18

Table 8: Mean peak pressure values of the secotatarsal head for all conditions.

Mean
Area 6 (kPa) SD n
Condition 1 370.90| 84.31 18
Condition 2| 395.76| 79.49 18
Condition 3| 395.07| 89.31 18

Condition 4| 389.62 94.83 18

Table 9: Mean peak pressure values of 3-4-5 metdtheads for all conditions.

Area 7 I(\/Ik;aar)l SD n
Condition 1 332.11| 63.26 18
Condition 2 283.02| 65.83 18
Condition 3| 338.61| 81.25 18

Condition 4| 315.37| 87.33 18




Table 10: Mean peak pressure values of halluxlfmoaditions.

Area 8 I(\/Ikle:)aar)l SD n
Condition 1 392.61| 152.77 18
Condition 2[ 363.60| 113.23 18
Condition 3| 379.89( 180.4( 18

Condition 4| 338.95| 146.44 18

Table 11: Mean peak pressure values of the secanibt all conditions.

Area 9 I(\/Ik;aar)\ SD n
Condition 1 173.00| 64.40 18
Condition 2| 159.95| 65.75 18
Condition 3| 132.67| 50.53 18

Condition 4| 106.46| 37.38 18

Table 12: Mean peak pressure values of toes 3et-8llifconditions.

Mean
Area 10 (kPa) SD n

Condition 1| 147.81| 52.56 18
Condition 2[ 131.77| 25.08 18
Condition 3[ 98.78 | 40.50 18
Condition 4| 86.78 | 36.43 18

The tables cited above are descriptive tables feampeak pressure about all areas for
all conditions. According to table 5 and table 8alp pressure on area 3 and 6 were higher
under waistcoat condition than other areas. Tablafe 8 and table 9 showed that peak
pressure on area 5, 6, 7 were higher under iceditommthan other areas. Table 7 and table 8
indicated that peak pressure on area 5 and 6 vighherrunder combined condition than other
areas. The graph which cited below showed a buefnsary of mean pressure values of all

areas under all conditions.

23



Mean Pressure Values of all Areas for all

Conditions
600,00
500,00
400,00 1 @ Normal
m Waistcoat
300,00 A
Olced
200,00 7 O Combined
oo ML i i
0,00 - T T T T T T T T T

Area Area Area Area Area Area Area Area Area Area
1 2 3 4 5 6 7 8 9 10

Graph: Mean peak pressure values of all area®tordifferent conditions

Effects and Interactions of Conditions

There was a significant main effect of all areas6@:11). There were also significant
main effects of the waistcoat condition (F=57.27) af iced condition (F=14.39. There were
significant interaction effects between the aread the waistcoat condition (F=5.71) and
between areas and the iced condition (F=7.28). eTheere not significant interactions
between waistcoat and iced conditions (p>0.05) betlveen areas, waistcoat and iced
conditions (p>0.05). This indicates that waistcaatl iced conditions have different effects

apart from the area.

Table 13 indicates interaction between 10 areasaaistcoat condition. Under column
waist, 1 means no added mass and 2 means addedfaraa®as see section 8.2, page 20).

This table showed that area 3 and 6 had higher pesisures than other areas.
Table 14 represents interaction between 10 aredgcad condition. Under column ice,

1 means no iced and 2 means iced (for areas seens8, page 20).This table pointed out

that peak pressures were higher under area 5, éraad’ than other areas.
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Table 13: Interaction between waistcoat conditiod areas

95% Confidence
Interval

Mean Std. Lower Upper

AREA|WAIST| (kPa) | Error Bound Bound
1 1 468,62| 22,84 420,43 516,81
2 397,55 18,97 357,53 437,56
2 1 460,87, 19,37 420,01 501,73
2 379,22 14,46 348,71 409,73
3 1 84,29 7,34 68,80 99,77
2 89,42 7,34 73,93 104,91
4 1 98,31 5,85 85,97 110,64
2 90,88 4,98 80,38 101,37
5 1 325,82 24,98 273,11 378,53
2 309,06| 27,25 251,57 366,55
6 1 382,99 19,81 341,19 424,78
2 392,69 18,40 353,87 431,50
7 1 335,36/ 16,20 301,19 369,53
2 299,19/ 17,09 263,13 335,25
8 1 386,25 37,65 306,81 465,68
2 351,27 28,73 290,66 411,89
9 1 152,83 12,63 126,19 179,48
2 133,21 10,05 112,01 154,40
10 1 123,29 9,97 102,25 144,34
2 109,27 6,29 96,01 122,54
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Table 14: Interaction between iced condition arshar

95% Confidence

Interval
Mean | Std. Lower Upper
AREA| ICE | (kPa) | Error Bound Bound
1 1 450,04 20,36 407,08 493,00
2 416,12 21,79 370,16 462,09
2 1 435,97 17,37 399,33 472,61
2 404,12 16,60 369,10 439,14
3 1 92,56| 8,62 74,37 110,76
2 81,14 6,30 67,86 94,43
4 1 99,55| 5,78 87,35 111,75
2 89,63| 5,47 78,08 101,18
5 1 294,70 23,82 244,44 344,96
2 340,18 28,57 279,90 400,46
6 1 383,33 16,83 347,82 418,84
2 392,34 20,77 348,52 436,17
7 1 307,56 13,25 279,61 335,52
2 326,99 18,76 287,42 366,56
8 1 378,10 28,23 318,55 437,66
2 359,42 35,60 284,32 434,52
9 1 166,48 13,78 137,40 195,55
2 119,56 9,54 99,44 139,69
10 1 139,79 8,30 122,27 157,31
2 92,78| 8,76 74,30 111,25
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Discussion

The goal of this study is to isolate individual ttarls which result from diabetic
neuropathy so as to determine the influences ddettfactors on plantar pressure. It was
supposed that muscle weakness and loss of sensditemnt plantar pressure. This case can
result in increasing foot ulceration risks. It igpbthesized that each of these factors and/or

both of them would generate a modified plantar gues under different areas.

A simulation method is used to isolate and maniputauscle weakness and reduced
plantar sensation. The advantage of this methdlaisthe investigation of one factor can be
isolated at a time; something that can not be seerdiabetic neuropathic patients.
Unfortunately, this method which is very complexs ladso a disadvantage which is important
during making comments for results. Therefore mamyironmental factors which influenced
the results occurred during the experiment suchrdamiliar walking patterns for subjects

and uncomfortable feeling of ice.

Muscle weakness was simulated with the waistcoatatong 40% of the subject’s
body weight. Muscle weakness can be described ambalance between the load on the
muscle and the load capacity of the muscle. Muaelakness can be simulated by changing
the relation between load and load capacity. Ihetia neuropathic patients, load capacity is
normally decreased because of the reduced muscs. mi&e load was changed for the
subjects of this study. It is supposed that ingnegthe load/load capacity ratio by increasing
the load will have a similar effect on gait as easing this ratio by decreasing the load
capacity; this is the case which diabetic neurapgihtients have. Previous studies found out
that neuropathic patients have loss of muscle gtihein a range from 15% to 40%%9°3
Reduced load capacity occurs at the presence oflenugakness. Increasing the load with
40% also changes the load capacity and may thersforulate muscle weakness in healthy

people at maximum load level.
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It is assumed that the subjects had normal musdagth (100%) and with the loaded
waistcoat it was 140%. The load increased andahe/lload capacity ratio is therefore 1.4. In
neuropathic patients this ratio is estimated tdéwveen 1.2 and 1.7 according to previous
studied®3%°3 Thus weight should be adequate to simulate musekkness. This load was

tolerable for subjects.

BMI was also increased 40% by adding 40% body weigatients with type Il diabetes
are generally overweight. To be overweight is avsfwocess and an adaptation period is
developing during this time. Muscles have to bersjer to be able to carry this added load.
However, in neuropathic patients, the strengthhefleg muscles is reduced instead of been
strong. Thus gait pattern changed to adapt thiswelght. The subjects in this study became
overweight in a few seconds. This results in aeddht and unfamiliar gait pattern.
Furthermore, in diabetic neuropathic patients, cédao of leg muscles strength differ by the
type of neuropathy (distal or proximal neuropathgynoccur). Therefore, it is supposed that
strength of all leg muscles is reduced more equallyhis study. This case generated a

difference between the subjects of this study aedltabetic patients.

Another difference could be appeared between thgests and diabetic patients but it
was eliminated. Some research studies on diabaiic stpowed that walking velocity is
different for diabetic patients and controls. Ditdbepatients have lower walking
velocity**3"**°® To eliminate this situation, the subjects walkedirty all the different

conditions at their constant velocity.

There are many simulation studies which were rediyglantar sensation in different
ways>24562257 One of the methods to reduce plantar sensatitireisse of an anaesthetizing
créme (EMLA) that can be applied to the plantas&rédowever this is a very expensive and
time wasting method. Therefore in our simulatiore used ice immersion approach. Other
studies used ice immerging approach which varies fsome points?*°%°7 In the study of
Eils et al., subjects placed one foot without al gmni ice water so that only the plantar part of
the foot was submerg&d Without submerging all part of the foot and withe foot, it was
changed the walking pattern in a different way d@mvdas not a direct simulation of a diabetic

neuropathic foot. In another study, Eils et al.dudee same procedure with a grid. However,
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they again used one fétNurse et al. did not use submerging. They usesteshice which
was sealed inside a plastic bag and both feet ghlanethe surface of the bagTaylor et al.
used ice water with® and proceed for 30 minutés In this study, a combination of
important points from the previous simulation sasdused to reduce plantar sensation. We
used directly submerging both feet in ice watehvatgrid. It is therefore assumed that the

plantar sensitivity was mainly reduced during aqgpeximent.

The cooling method of this study was 12 min ice ingng approach which affects the
mechanoreceptors in the plantar surface of the. fAotording to Nurse et al., pressure
sensation is difficult to alter through skin termgdere, but when the temperature decreases ten
degrees Celsius the sensation is severely liffitddstudy executed by Eils et al. showed that
no additional loss of sensitivity occurred aftem tainutes of cooling in water of@?3, This
can be explained by the ‘Hunting reaction’, whitétes that cooling leads to a vasodilatation
reaction. The dilatation results in a small riseamperature, which can cause the stop in the
reduction of pressure sensitivitylt is obviously noticed that the mean temperatsrabove
ten degrees Celsius that were stated by Nurse®&fTals may mean that the sensitivity was
not reduced enough. However, the mean skin temperatid not differ more than 1°Q
mentioned by Nurse et 2l Also, the subjects walked in a strange and unfanplattern after

immersion.

Although influence of the loss of sensation on fdampressure is well described in the

literatureg®-2+52:56.57

influence of muscle strength on plantar presstoeld not be seen.

According to the relevant literature, this studyyrba the first muscle weakness simulation to
find out the influence on plantar pressure. Thenmmasult from muscle weakness simulation
was that under medial midfoot and second metathesad pressure was higher than normal

walking condition.

In reality, muscle weakness does not a direct etiaglantar pressure but in directly it
has a great effect on plantar pressure. Firdtlg,changing walking pattern. Reduced muscle
strength at the ankle joint is the main cause lgeds to the changes in neuropathic walking
patterri. There is a loss of neuromuscular foot controlddition decreased balance between

plantar and dorsal flexors and between invertocsemertors mostly failed the rise of forefoot
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both in the sagittal and frontal plah@his case results in the foot deformity. Foot defities

are important contributory risk factors and pragetof foot ulceration, possibly by
predisposing the skin to high pressure at thedfitae foot deformit{*#°%°>% van Schie et

al. reported that toe deformities have been sugddst be related to muscle weakness in the
toe flexors®. Similarly to Van Schie study, Cavanagh et al.veémb that claw toe deformity
has been associated with high metatarsal headupessbased on the flexors and extensors
weaknes¥. These structural changes lead to increased fopjnmoments in neuropathic
feet with an increased pressure und®f ath and 5th metatarsal heads. Such structural
alterations could contribute to ulceration in tleuropathic or neuroischaemic foot where the
contact plantar surface may be even more reducedrasult of additional neurological or
vascular pathology. This could explain that, intspatients, the area under metatarsal heads
is the most frequently affected part of the solekantar ulceré®®° Our subjects did not have
any deformity as they are healthy. However, oudifigs showed the similar results with the
neuropathic subjects. Under second metatarsal Iégld pressure occurred. Then it may be
though that muscle weakness simulation was maimmhyles with real conditions. Medial
midfoot also had high pressure due to intrinsic cteusveakness. However, this case needs

more investigations.

In the present study, the result after reduced tatasensation was that under all
metatarsal heads, peak pressures were higher thanaveas. Other areas had lower pressure

than normal condition.

This finding about metatarsal heads supports esdlbther studies that have used an
ice immersion approah® It is well documented that cold application lesnls: decrease of
nerve conduction velocity and also influences skiceptors®?*>? Therefore, in the present
study, there is low peak pressure under the hekttantoes. The heel has a role in the initial
ground contact while the hallux has a role in thstpoff phase. It appears that subjects made
a more carefully touch down and push-off to protéet foot in order to reduced feedback.
Furthermore, it has to take account that chrorss lof sensation, as in diabetic neuropathy,
may produce a compensatory mechanism which usedsifiipm other sensory systems such
as visual or vestibular systef&:?43437>5%¢hys an acute loss of sensation which has done

in our experiment may be compensated by incregsiegsure at the metatarsal heads and
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decreasing pressure at the peripffetyowever, our subjects who walked in normal conditio
have areas of relatively high pressure under sore@atarsal heads. Those with normal
sensation do not ulcerate because their sensogbdek prevents durable immoderate

loading>®

On the other hand our findings about high pressader metatarsal heads and reduced
pressure under heel and toes are in accordanceragdntly performed plantar pressure
distribution measuremerits? Parallel to Nurse et al. and Eils et al. studims; results
showed significantly high peak pressure under staoetatarsal head and reduced peak
pressure under the heel, toes and the forefootr@ing contact and push-off after ice
immersion of the footOur findings are also parallel to studies which ehaneuropathic
patients as a subject. They reported that one @fntlost common sites of ulceration in
diabetic neuropathy patients is at the metatareall, an area that is frequently shown to

40,61,62,63,

have higher pressure and a reduction of peak pressure under the heketrentoes

was also reported in neuropathic patients in coisparto normal patiers>*

In conclusion, muscle weakness simulation resuitshigh pressure under second
metatarsal head and medial midfoot, and reducatgalaensation simulation results in high
pressure under all metatarsal heads. These rasditate that reduced plantar sensation has
more influence on plantar pressure than muscle messkon healthy subjects. On the other
hand, reduced plantar sensation incidence is dtffeehin diabetic subjects. That is why
further investigations may be done on diabetic gaisi with reduced plantar sensation.
Furthermore desensitization training may be comeiéor management of diabetic foot.
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11. Appendix

Appendix A: The Ethical Committee Report (in Dutch)

academisch ziekenhuis
Maastricht

-9
P. Debyelaan 25 ’ n < .
postbus 5800 o academisch ziekenhuis
6202 AZ Maastricht . Maastricht

telefoon 043-387 65 43
telefax 043-387 78 78 a z M

afdeling  MED.ETHISCHE COMMISSIE
Aan Dr. H.H.C.M. Savelberg uw kenmerk  MECsecretariaat@ctem.azm.nl
Faculteit Gezondheidswetenschappen ons kenmerk 043 - 387 6009
Capgroep Bewegingswetenschappen doorkiesnummer  MEC 06-3-024.4/pl
UNS 50 kamer 2230 datum 24 mei 2006

Geachte dr. Savelbér‘g.
‘e

Hierbij bericht ik u dat de Medisch Ethische Commissie op grond van artikel 2.2.a van de
WMO op 19 mei 2006 een positief oordeel heeft uitgebracht gelet op het gestelde onder
artikel 3 van de WMO met betrekking tot het door u ingediende onderzoeksvoorstel
genaamd, “Ondeczoek naar de factoren die leiden tot een diabetisch looppatroon; een
simulatie experiment” (MEC 06-3-024).

De commissie heeft de volgende stukken in haar toetsing betrokken:

- protocol met versiedatum 8 mei 2006;

- proefpersonen- c.q. patiénteninformatie met versiedatum 8 mei 2006 (inclusief de
verzekeringsinformatie over de wijze waarop de verzekering ex artikel 7 lid 1 WMO
is geregeld);

- toestemmingsformulier met versiedatum 19 mei 2006;

ADD ¢ A= i 00

- het curricuium vitag van de onaindnkeljke diks,
- de advertentie/wervingstekst met versiedatum 19 mei 2006.

De commissie ontvangt nog graag bericht van de start- en einddatum van genoemde studie. Het
positieve oordeel verliest zijn geldigheid, ook als met het uitvoeren van het onderzoek niet is
begonnen, binnen een jaar nadat dit besluit is genomen. De commissie ziet graag ieder jaar tijdig,
voor afloop van de geldigheid, informatie tegemoet over de voortgang van de studie onder
vermelding van het aantal proefpersonen dat aan het onderzoek heeft deelgenomen.

In een aan deze brief aangehechte bijlage zijn nadere, wettelijke, eisen vermeld waaraan de
onderzoeker zal dienen te voldoen of welke door de commissie onder de aandacht worden

gebracht.
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2
MEC 06-3-024.4/pl
24 mei 2006

Met vriendelijke groet,

namens de Medisch Ethische Commissie,

mr. R.C.W. van Gils, dr. C.E.M. de Die-Smulders,
ambtelijk secretaris voorzitter

Cc:  De heer M.P.W. Lamberti BA, directeur Clinical Trial Center Maastricht
CCMO
UM, BMB/F&BI, verzekeringen MBB 4-6

-

De volgende leden hebben deelgenomen aan de besluitvorming inzake bovengenoemde
studie:

Prof. dr. T. Gorgels, cardioloog (vice-voorzitter)
Dr. J. Offermans, gynaecoloog
Mevr. A. Hilton, verpleegkundige

Dr. P. Porregiis. universirair docent huisartseeneeskunde

Prof. dr. M. Prins, methodoloog
Dr. A. v.d. Arend, filosoof
Mevr. H. Tjon-a-Fat, behartiger van de belangen van proefpersonen
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Appendix B: The Ethical Committee Report (in Englis translation by Hans Savelberg)

This is a short translation by Hans Savelberg efapproval letter of the Medical Ethical
Committee of AZM, number MEC 06-3-024.4/pl

Dear Dr. Savelberg,

Based on article 2.2.a of the WMO (law on humaeaesh), the Medical Ethical Committee
has passed a positive judgement with respect teedearch proposal that was submitted by
you, titled: “onderzoek naar de factoren die leittgreen diabetisch looppatroon; een
simulatie experiment” (an investigation in facttnat cause a diabetic gait pattern; a
simulation experiment) (MEC 06-3-024).

For her judgement the committee used the follovdoguments:
- research protocol dd may 8, 2006
- information for subjects dd may 8, 2006 (includinfiprmation with respect to
subject insurance)
- informed consent form dd 19 may 2006
- ABR-form, dd May 1, 2006
- Additional information, dd May 1, 2006
- Curriculum vitae of an independent medical doctor
- Recruitment form dd May 19, 2006

The committee likes to be informed about the extart and end dates of the study. The
positive judgement is valid for 1 year. The comagttvants to be informed every year about
the progress of the study and the number of subjectuded.

Sincerely,

List of members of the MEC that contributed to tthésision
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Appendix C. Informed Consent Form:
INFORMED CONSENT
for participation in the experimental study:

Investigating factors that contribute to a diabeticgait pattern; a simulation

| have been informed about the study by the rebeasc and | know what | will have to do
during the study. | have been given opportunitask questions on the study. Moreover | had
time to consider my participation in this studycdn decide at any moment to cancel my
participation.

| agree in participating in this study, moreover | agree to use my medical and research
data in the way it has been explained to me.

| like not to be / to belease, select an optioinformed about the results of the study.

| do not / | want to invitegblease, select an optionfor participation in forthcoming studies.
Name

Date of birth

Signature : Date

As responsible research, | declare that the abargioned subject has been verbally informed
about this study.

Name
Position

Signature : Date
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Appendix D: Data Form

DATA FORM

Date: ...-...-
2006

Subject Name:

Code:

Age:

Body Weight
(Kg):

Body Length
(m):

Preferred walking velocity (time in seconds):

Reksa

1) 2)

[3)

[ 4)

[ 5)

Mean -5%:

Mean:

Mean +5%:

Condition

Run 1 (s

Run 2 (s)

Run 3 (s)

Run 4 (s)

Run 5 (s)

Remarks:

Normal (1)

Waistcoat (2)

Iced (3)

Combined (4)

Fill out what measurement failed with an "X" or wasrect and saved with a "V"

Condition

Run 1

Run 2

Run 3

Run 4

Run

5 Remarks:

Normal

waistcoat

Iced

Combined
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