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ABSTRACT

Author: Friederike Feil

Title: The Effects of Compression Socks on thec@glion of Post
Exercise Muscle Soreness

Institution: Florida Atlantic University

Thesis Advisor: Dr. Michael Whitehurst

Degree: Master of Science

Year: 2011

Purpose: To evaluate the influence of compression sockswosst exercise on the
perceived rating of muscle sorendgethods: In a randomly cross over design, 16
subjects performed a soreness inducing protocébvBenee CG (Compression
garments) were worn for the next 6 hours post éeser¢lR (Heart Rate), RPE (rate of
perceived exhaustion) and time to complete onesaoyels measured throughout the
intervention. PS (Perceived Soreness) was asspasedmmediate post, 6h, and 24h
post exerciseResults: There was no significant difference in perceptibsoreness
between compression and no compression at 6h pestige (p=.136) and at 24h post
exercise (p=286)onclusion: Compression socks worn post exercise did not

significantly alter ratings of perceived sorend$sraa soreness inducing protocol.
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Chapter 1: Introduction

Although the use of compression garments (CG) eetkirgclinical settings in
the 1950’s, their origin dates back to the timéhef Egyptians (Hsiu-Fang & Feng-Ping,
2005). Compression was used then and today as @sroéaddressing circulatory
insufficiency, thromboembolism and fatigue pre@ed by standing relatively
motionless for long periods of time (Agu, HamiltéghBaker, 1999; Prandoni et al.,
2004). More recently, the use of CG has shiftedltibetics (Scanlan, Dascombe,
Reaburn, & Osborne, 2008). Based on anecdotal megdendurance athletes (e.qg.
cyclists) appear to have started to use CG int@mat to enhance performance and/or
hasten recovery (Chatard et al., 2004; Kemmler kkitez Mayhew, Wasserman, & Zapf,
2009).

The compression in CG today is graduated with teatgst pressure felt at the
distal segment (normally the ankle) and the leestgure occurring at the largest body
segment (Ali, Caine, & Snow, 2007). As such, corapie@n appears to reduce the cross
sectional area (CSA) of body segments (Buhs, Bé&ndiclover, 1999), suggesting an
improved venous return and better circulatory dyicapwhereas, arterial circulation
may benefit from compression by actually increasirggdiameter of the arteries via the
myogenic mechanism (Bochmann et al., 2005). Hahedarger diameter wall would

promote circulation and the transport/utilizatidmatrients and oxygen.



Given the potential to improve vascular dynamidS, $2em to be a viable device
to reduce muscle damage and hasten recovery. Bpéygifstrenuous exercise disrupts
the cytoskeleton (Clarkson, 2002) and initiateascade of innate/inflammatory actions
(Chatzinikolaou et al., 2010) usually triggerindayed onset muscle soreness (DOMS).

Although the role of CG in ameliorating muscle dgeYaoreness is far from
elucidated, Kraemer, Volek, & Bush, (2000) suggéstat compression may help
stabilize and maintain the orientation of the meditiers and therefore, reduce the pro-
inflammatory response. Unfortunately, only a feud#s have attempted to study the
role of CG on muscle soreness precipitated by esee(Manfredi et al., 1991; Sorichter
et al., 1997). Furthermore, these studies are pthoy methodological issues, including
studying damage in sports-related environmentsaaleduately controlling for exercise
dosage, particularly intensity. Finally, severgdogs of decreased DOMS exist resulting
from the use of CG during a road race and durieg2hhours following a soreness
inducing exercise protocol (Chatard et al., 200igAal., 2007). Considering the
available evidence, it is difficult to predict whet compression can reduce exercise-
induced muscle damage and subsequent soreness.

Purpose

Given the potential problems with exercise dosagkthe general lack of
information concerning the effects of CG on postreise muscle damage/soreness, it
seemed prudent to devise a study that held exetossge constant and to apply
compression for a period immediately following esiee during which muscle damage

and soreness was thought to peak. Therefore, tip@gei of this study was to evaluate



the effect of 6 hours of post-exercise compressioskeletal muscle soreness as elicited
by a controlled muscle damage/soreness inducingisegprotocol.
Hypothesis
Below knee compression socks, worn for 6 hours ithately following a
skeletal muscle damage/soreness inducing exenasacpl will significantly reduce

participants rating of perceived soreness.



Chapter 2: Literature Review

This literature review focused on the use of corsgitn socks in non-athletic
settings and athletic settings as a means of reguuscle damage and soreness.
Compression Socks in Non-athletic Settings

Compression socks/garments (CG) were originallyl uiselinical settings to
prevent the development of deep venous thromboesmhb@dDVT). Agu et al. (1999) and
Mayrovitz (2010) reported compression improved venfunction and reduced the
incidence of DVT by as much as 70% in patientsgmisg circulatory insufficiency.
Preventing DVT is of utmost importance given aeeof DVTs can lead to post
thrombotic syndrome, pulmonary embolism and ddatlen in those patients with a
diagnosis of DVT, chronic use of compression sd@sreduced the risk of developing
post-thrombotic syndrome (Sigel, Edelstein, Sayikthsty, & Felix, 1975; Prandoni et
al., 2004). Thus, the vascular dynamics associaitdpost-thrombotic syndrome,
including vessel wall compromise, altered bloodvfland mutation of blood properties
may be managed with the use of compression sodfe@d & Chen, 2009; Ahmadi,

Sinclair, & Davis, 2008; Zhang, Yeung, Allen Qin,¥ung, 2008; Khalsa, 2004).



Frequent air travelers show similar symptoms wiailtér blood flow and the
mutation of blood properties (Hsiu-Fang & Feng-R®@05; Weiss & Duffy, 1999).
Symptoms, including stiffness, swelling, leg paiiey discomfort, increased with the
length of the flight (Hsiu-Fang & Feng-Ping, 200S)nce the post-thrombotic syndrome
in air travelers was considered a preventativeadisemany researchers, as well as the
World Health Organization, started to investigéie influences of compression socks on
air travelers (Hsiu-Fang & Feng-Ping, 2005). Faareple, Weiss and Duffy (1999)
evaluated the use of light weight, low-compresgiosiery in 19 flight attendants. He
observed the flight attendants over a period okékg. Symptoms of discomfort,
swelling, fatigue, aching and the perception dftilggs improved significantly when the
flight attendants were wearing the compressiongmgsiuring the waking hours (Weiss
& Duffy, 1999).

Hsiu-Fang and Feng-Ping (2005), who reviewed ségaudies on compression
socks and air travelers, reported when takingeailewed studies into account, treatment
groups had a smaller risk to develop DVTs in congoarwith the control groups (Hsiu-
Fang & Feng-Ping, 2005). The beneficial effect€af were also seen in women whose
work setting required standing for long periodsimie (Kraemer et al., 2000). For
example, Kraemer et al. (2000) tested the effdo®®in women who stood for 8 hours
on a hard floor. The CG led to a significant redutin edema in the legs and ankles and
a significant reduction in lower body discomfort.

These findings are echoed by the CEP, the leadargufacturer of compression
socks. That is, CEP claims compression aids the hgdacilitating venous return.

According to CEP, compression also supports attelo@d flow, which would bring



more nutrients and oxygen to the legs, and, thezefeduce feelings of discomfort.
Perhaps the changes in vascular dynamics afforgedrpression can enhance
performance, reduce muscle damage and perceivedess (Armstrong, 1984) as well
as hasten recovery.

Compression Socks in Athletic Settings

Duffield, Cannon, & King (2010) found that weari@® enhanced performance
in various types of exercise. For example, Higghtasughton, & Burgess (2006) tested
the effects of compression socks in netball plgydusing a simulation of a game-
specific circuit, which was especially createdretball players. They tested the
difference between netball specific garments, ce@sgion garments, and no garments at
all. They came to the conclusion that greater dista were covered at faster velocities,
when wearing compression garments. They also sagn#icant improvement in
repeated performance at high speeds in netbakk@aydiggins, et al., 2006).

Doan et al. (2003) tested compression shorts ok @aghletes. They found
countermovement vertical jump heights increasedenfléxion and extension torque was
improved. The authors also report a 27% lower impatrack athletes, when sprinting
and jumping, due to the support and stabilizatibthe hamstring with the CG (Doan et
al., 2003). Similarly, Kemmler et al. (2009) testapression socks with a constant-
compression profile on running performance in 2Hdemately trained athletes. He found
that time under load, which was used to determiagimal running performance, as well
as total work at the aerobic threshold and the rahézthreshold, was increased

significantly when wearing compression socks (Keewst al., 2009).



Scanlan et al. (2008) studied cyclists to deterrfiadower body CG influenced
performance during a one-hour cycling time triag¢sRlts revealed an improvement in
power output at the anaerobic threshold, as welhasnprovement in muscle
oxygenation economy. No differences were founcpforsiological measures like \i@ux
between groups (Scanlan et al., 2008). The authggested the compression socks
facilitated blood flow and improved lactate cleargnboth of which might assist
performance over an extended period of time.

Compression Socks Improve Symptoms of Muscle DamagPelayed Onset of
Muscle Soreness)

Various studies were done to investigate the effettompression socks on
symptoms of muscle damage. Duffield et al. (20Tdduicted a study with rugby players
who performed two bouts of intermittent sprintstawo consecutive days with
compression socks worn between bouts in the expetahgroup and no socks in the
control group. The authors evaluated performandenagasured markers of muscle
damage and soreness. Results indicated no sigriifiesween group differences for
performance and muscle damage. A significant difiee was found, however, between
groups on the rating of soreness with the experiahgnoup reporting less soreness
(Duffield et al., 2010). Similarly, Chatard et €004) conducted a study with 63 year old
sports men. Participants wore compression sockaglan 80-minute recovery period
between two bouts of exercise. Lower lactate comagons were observed for the
second bout of exercise, and the expected lossvireip during the second bout of

exercise was reduced (Chatard et al., 2004).



Ali et al. looked at the effects of wearing gradithtompression garments on
physiological and perceptual variables during diter @ontinuous running (10 k)
exercise. However, the CG were only worn during motdafter the running exercise. The
CG reduced the onset of delayed muscle sorenesficagtly after exercise. They also
observed a trend towards faster 10k times and arlbeart rate during the 10k for those
wearing CG (Ali et al., 2007).

In summary, symptoms of muscle damage (muscle sssgare increased after
exercise. Yet, as far as compression garmentgudees to date have reported that CG
actually reduces these symptoms if compressionssweke worn only post exercise and
not during exercise. Thus, this study will approteh question of whether compression

worn for 6 hours after exercise influences postr@se muscle soreness.



Chapter 3: Methods

Sample and Population

Twelve recreationally active and apparently hgattfale and female students
between the ages of 18-35 years were recruited tinentocal community and Florida
Atlantic University. Recreationally active was defd as those individuals who currently
participated in club sports or fitness activities 30-60 minutes 2-5 times a week. To be
included, participants were free of musculo-skélefary, had no coronary heart disease
(CHD) risk factors. This study was approved byltstitutional Review Board for
Human Subjects Experimentation at Florida Atlaktigversity prior to data collection.
Participants were informed of the study protoaatuding risks, prior to providing
written informed consent. For their participatisapjects received a pair of the CEP
compression stockings with a value of approxima$&i§.
Compression Garments

Below knee compression socks (CEP, GmbH & Co., @ag) composed of
85% polyamide and 15% elasthan, were used in thergwental condition of this study.
The compression profile of CEP socks exerted a cesspon of 24mmHg at the ankle
and gradually reduced the compression to 80% obtiggnal compression, as the
stocking ascended to the calf. Per the manufactilmercompression at the calf was

between 18-20mmHG and was relatively constant theewhole calf area.



Familiarization and General Testing Procedures

The testing protocol included one introduction s@sand two soreness-inducing
sessions. All three sessions were approximatelyaek apart to ensure 100% recovery.
After 24-hours post exercise, subjects were alloteagsume their normal physical
activity.

All subjects went through an introduction or farilzation session including
reading and signing informed consent, completihgalth history questionnaire, and
having their height, weight, and calf circumferenoeasured. Specifically height was
measured with a metric tape measure affixed to. Wédlight was assessed with a digital
platform scale Toledo, model 2095 (+/- 50g accuyratlge calf was measured on the
right leg at the greatest circumference with ttstatice below the lateral condyle
recorded and used as an anatomical site for suesemeasurements. During the
introduction session, the investigator reviewedsieness- inducing protocol with each
participant, and actually had the participant penfone repetition of the soreness-
inducing protocol at the Exercise Science and Hdalbmotion laboratory of FAU.

The soreness-inducing protocol included a 20m spiacelerating the last 10m,
followed by 10 deep double-leg bounds for totatatise from a stationary squat position.
The deceleration, having an eccentric componerg,thvaght to promote muscle
damage/soreness. The deep double-leg bound stameé standing position, followed
by a squat (depth = right angle at the knee) anddia bound as far as possible (arms
were used in a swinging motion to assist with bangyd The one repetition protocol
gave the subject an opportunity to experience thigaamovement and challenging

nature of the exercise protocol. Time to complete @petition (i.e. sprint plus 10
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bounds with length of total bounds) was recordeatalzollected during the one
repetition was used as a reference point or benthfoathe subsequent two testing
sessions. Subjects were instructed to avoid comgyany alcohol and to avoid extensive
and strenuous exercise 24 hours prior to all tgg@ssions and not to alter their dietary
habits throughout the experiment.
Exercise Testing Session 1land 2 in the Exercise &ute Lab of FAU:

This study used a randomized crossover desigriciparits were initially
randomly assigned to either a post-exercise commpesock (worn for a total of 6
hours) or no post-exercise compression sock camdififter completion of the first
testing session, participants subsequently switgnedps, so that all subjects
participated in both conditions. The soreness-imdusession was a point to point trial
that included a 20-m sprint, decelerating the 18stn followed immediately by 10 deep
double-leg bounds for distance performed from aostary squat position. Upon
completion of a repetition (i.e. after the™Bound), the participant ran back to the
starting line of the 20m sprint and rested un#l thinute had elapsed. The subject had no
more than one minute to complete the sprint anddLtds. The participant completed a
total of 10 repetitions of the sprint-bound cy@déter each cycle, Heart Rate (HR) was
measured with a Polar Heart rate monitor. Eachqigaint rated their perceived exertion
(RPE) according to the Borg Scale (6 to 20 wheieegjuivalent to no exertion at all, and
20 is equivalent to maximal exertion). The timeoonplete the sprint bounding protocol
(20 repetitions), including bounding length wasoreled for both trials to ensure
reliability. For the CS condition, compression sbekere put on immediately post-

exercise and worn continuously for 6 hours. Soreassassessed by asking the

11



participant to rate their muscle soreness based@®6 point scale (6 = very sore) at time
point (i.e. prior, immediate post, 6 and 24 howstgexercise).
Data Analysis

A two-way repeated ANOVA (CS condition by time) waerformed to evaluate
the effects of compression socks on perceived sesefVickers scale 0-6) at baseline
(time zero), immediate post-exercise, 6 and 24 fpost-exercise. A p value <0.05 was
accepted as statistically significant. The stat@tanalysis was performed using the
Statistical Package for Social Sciences (SPSSYlforosoft Windows (Version 17.0.1,

2008; SPSS, Inc., Chicago, IL).
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Chapter 4: Results:

This study was carried out to evaluate the effégibst-exercise compression on
perceived soreness (PS). To that end, a total stibfcts were recruited for the study,
two of whom dropped out (i.e. one failed to retafter the introduction session and a
second subject did not continue with the secomd)tfThus, eight male subjects and eight
female subjects finished the entire study. Oneexiilhfjad an amputated leg. The subject
characteristics are listed in the Table 1.

Table 1 Participants-Descriptive Characteristics

Male (n = 8) Female (n = 8) Total (n = 16)
Age (yr) 25.5+3.5 22.9+2.6 24.2+3.3
Height (cm) 180.4+5.8 161.845.2 167.7+£9.5
Weight (kg) 78.2+6.6 57.6+4.9 67.9 +12
Calf Size (cm) 37.5+2.3 34.2+1.8 35.8+24

Data presented as mean + SD.

The performance measures reported in table 2 bieldude the subjects’ HR responses
and perception of effort during the soreness indygirotocol (i.e., bounding squats for
distance and sprinting cycle). The ANOVA revealedoetween conditions difference in

any measure of performance.
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Table 2 Measures of Performance

No Compression Compressior Significance
HR (bpm) 176.319.7 176.318.7 988
RPE (6-20) 14.2+1.4 14.2+1.9 966
BL (m) 16.1+3.7 16.2+3.3 985
Time (sec) 30.2+4.3 29.414.0 .582

Data are presented as mean + SD. HR=Heart ratesiREgs of perceived exhaustion (Borg’'s 20 point
scale), BL=bounding length (in meter), Time = ageraf 10 trials, significance = 0.05

Table 3 compares the PS values of subjects betthegmwo conditions. The PS numbers

tended to be lower after 6 and 24 hours post esernithe compression group, yet failed

to reach significance at any time point. There ®alas a significant trend in increasing

soreness values over time in both conditions.

Table 3 Perceived Soreness Over Time

Condition Initial Immediate 6h post 24 h post
Post

No Compression 0.6+.25 0.94+1.44 1.81+1.55 2.81+£2.10

Compression 0.6+.25 1.00+1.27 1.06+1.81 2.13t1.41

Significance 1 0.897 0.136 0.286

Data are presented as mean + SD. Soreness lepédsedieas Vickers point scale from 0 to 6. Sigmifice <0.05

14



As illustrated in Figure 1, a non significant treexdsts for compression to reduce PS at 6
and 24 hours post-exercise

Figure 1: Perceived Soreness between conditios$ (O-

Perceived Soreness

3,5

: /T(
1,5 =—&—No compression
1 ¥ :l:/ T Compression
0,5 /¥

w w ® 3 ® = 0 un

Initial directly 6h post  24h post
post
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Chapter 5: Discussion

The purpose of this study was to determine whetlearing below knee
compression socks following a soreness inducingeeses protocol influenced perceived
muscle soreness (PS). The soreness inducing ex@racol included a ten-minute
sprint and squat jump or bounding workout. As penfance markers, heart rate (HR),
rate of perceived exertion (RPE), bounding len@ih) @nd time needed to complete
each of 10 sprint-jump cycles (TSJ) were measusécen that each subject completed
the soreness inducing protocol twice, performaneasures were compared across trials
to assess reliability (see results Table 2). Peecesoreness was assessed both pre- and
post- workout with a scale ranging from 0 to 6. Huenber O indicated a complete
absence of PS. The number 7 indicated that thestulbad severe pain which limited his

or her ability to move.

Consistency Across Trials

No difference in any measure of performance exibttdieen trials during the
soreness inducing protocol. Thus, the effort puhfby the subjects was similar across
both soreness inducing trials. Specifically, infootals, HR, RPE and TSJ increased
from the first cycle to the tenth cycle, whereasd®&icreased. This finding was expected

given that the soreness inducing protocol called @repetitions of the sprint bounding.
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Perceived Soreness (PS)

While PS did not differ between conditions priometeercise or directly post
exercise, PS was lower in WC as compared to thatN8Chours and 24 hours post-
exercise, but this difference did not reach sigaifice. Speculatively, observed
differences, although not significant, in PS abfils and 24 hours post exercise may
have been due to the effects of below knee compress

Unlike the present study, other investigators haperted significant differences
in PS between compression and no compression camsl{Duffield et al., 2008;
Higgins et al., 2006; Jakeman, Byrne, & Eston, 20EOr example, Jakeman et al.
(2010) found significant reduced muscle sorenesis wer limb compression following
plyometric exercise compared to passive recovamil&ly, Higgins et al. (2006)
showed that wearing compression socks influencedfféga high intensity sprint and
plyometric exercise (similar to the present study) with the current study, Higgins’
subjects were wearing the compression garments tiaial of 24 hours following
exercise. Finally, the same 24 hour model was bgdduffield et al. (2008) who found
that PS levels were significantly lower 24 houtgia high intensity circuit when
subjects wore compression socks post-exerciseu#ts she results of this study are
somewhat puzzling given the findings of other inigegors.

The subjects in this study were not athletes ait apbrts participants. As such,
and contrary to athletic populations who are notgsifor withstanding pain and soreness
it is possible the subjects in this study simplyevenable to push hard enough to inflict

substantial damage/soreness.
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Again, the results of this study were contraryttoeo investigations, (Duffield et
al., 2008; Higgins et al., 2006; Jakeman, Byrn&sfon, 2010) in which significant
soreness was detected at 24 hours post exercieee Would appear to be several
possible explanations for this apparent contraafictiirst, the soreness inducing protocol
used presently might not have caused sufficierdrsss for the subjects. Only one
subject reported a PS of 5 at 24 hours. Whereaavitrage level of PS was much lower
(2.47%£1.80 at 24 hours and 1.44 +1.43 at 6 ho&) the Vickers’ (2001) scale, a value
of 1 indicates that the subject only felt lightrpathen touched and a value of 3 indicates
that subject had light pain when walking up and datairs. Thus, it appears that the
soreness inducing protocol was unable to produgepkarly high PS values with no
apparent weakness or limitations to move. Morecs@me of the subjects felt no
soreness (PS=0) at any time after the workout adsoth conditions. Perhaps, 24 hours
might not have been enough time to reveal sigmfiesbetween condition differences.
For example, Flores, Brown, Pinto, Carregaro, &&wat, (2011), who looked at the time
course response of delayed onset muscle soren€dd$Dafter a resistance based
workout, reported that DOMS peaked as late as 48shmost exercise.

Conclusion

This study failed to prove the hypothesis that caeagion socks reduce

participants rating of perceived soreness signitigeeven though a trend towards lower

ratings was observed.
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Future Directions

In light of the findings of this study, future instggations should explore more
demanding soreness-inducing protocols and perleapsjder evaluating PS as far out as
48 hours as well as evaluating the effects of cesgion on a more athletic population.
Finally, considering that the soreness inducindqual did not elicit higher levels of
PS, further study is needed in order to determinetiaer compression socks, applied

post exercise, can reduce PS.
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should also be followed, if applicable.

* Plesse raport all MON-COMPLIANGE eues or COMPLAINTS regarding this study 5 this offica.
* Plesse note thet ail research records must b2 reteinad for & mnirmum of thres years
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+ This approval is valid for one year, A Continuing Revaw form will be required prior to the
expiraton date If this pre@el will cantinue beyand ane year.

If yau have any quesions or cormments abaut this correspondence, please contact Eisa Gaucher at

Institution:sl Review Board

Resaarch InegrityDivision of Reseanch
Florida Atflantic University

ADK Bldg. 180, Suite 235

Baca Raton, FL 33431

Fhane; 5&1-2970777

* Pleass ncluds your profocol nurmier and tle in all comespondence with this offica.

Thi® ledter has been aleciranically signed in accardance with all applicable regulatisons,
and & copy i refained within our records,
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Appendix B: Recruitment Flyer

Research Study

Florida Atfantic University

Exercise Science and Health Promaotion Lab

Whiat will you dao?

* Two - 10 minute exercise
sessigns of running and jumping
designed to make you sore. After
one of the sessions you will wear
compression socks for six hours to
see whether the comprassion
reduces the soreness,

Benefits for participants®:
*  You will receive one pair
of compression socks (550
Value)} FREE

"Participation s absolutsly waluntary

Field House 114

<

et

N

Effects of Compression
Stockings on Muscle Damage
Post Exercise

Qualifying Criteria:
# Recreationally
active®*male or female
18— 35 years old
Good accessible veins [we
will draw blood on several
nocasions)

* Recreationally active
refers to those individuals
whio participate in any
kind of activity 2-5 times
a week for 30-60 minutes

IF INTERESTED, CALL Friederike@ 561-306-7857
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Appendix C: Health History Questionnaire

HaU

FLORIDA ATLANTIC
UNIVERSITY

ESHP
Department

HEALTH HISTORY

Al bl nation vour provido is personal sl confidential The inlormation will enable ts @ bedier undemsianc youn
curenl Foalth stalns and porenial visks sssociaed with youn pamicipadiai i s eseanh sanby,

Iate

BT
Miclrss

Ly Snaee Sip
Giemder Barihelaie
Pligstnee | N

Eemail

Flivsbciom s Mame
Flivabcian phoese i |
F'Il}sl-:.u.u L member |
Emermeecy Lot

Mame

Feelatinessliip

Hiome phompe

Gemeral Axibma YES | NG
. i, Amemin YES © MO O
Huskzlit 1. Wigln 1. Dstpoporssis YES i
Do you curendly exercises? YES U WO | Canlnvasaslar Surgery YES NI
T . : 1A : v roalagtu | SrEnely Pregnam YES MLy
17w, by bong Dove wou been epecsing, eealaly Eenplysena YES NO
Sllerzies YES ! MO O
Emilsali - {E koo Olinl YES O MO
Lty Ariery Disease YESC M
What  exercises doo yon do aml Row ofen? F‘l-l'hlh-'lli'll'_r [ Misarisn YES O L]
Heart Walve Praldems TES O N
Eheematic Frver YES M [
Phizhins (imNammation of vein) YES | w0
Medical Diagrosis [afMicuhy Breaghibng YES i
Pasear g bicm YES MO
Hiiwwe said drver T any o thee followimps? Frempeni Colis YES MO
Dsabetes YESD NOQ | PRelEstCooy o S
Hiah blcsd pressiire YEED NGO | g ol
Surobie YES NO Rapicliriegular s bea) YES N
% 3 b . f'iwulfl.'n_il.'-lrllh YES O M
Lamioet YES H.G Pain, weakness, b in: YES | NG
Hueinrt elisssase YES | Bk iy Hissels
Kicliey disease YES O [0 :I : : E'vrlﬂ )
Heart Attack YES 1 NOU il e e
Angina YES 1 MO Hlisa Hips

Flisrela Mbamie: Uipiversity
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HEALTH HISTORY. . .CONTINEED

Lisl medications or food supplements vou are laking:

4% Mame

[easan Meesage
R Mame

Resasai [hosiag
H\ Nll".ll'

[y Chorsangze
Itw Marse

leasan Uemage

List oy allergres:

List serivas ilnesses, accidents,
conditins noi Jisted on page |

SUFEeTES of special

SIGNATIRE

| umderand this Healch History as bees prosided s me for the o of helplnge e better umdersesnd any
pbeniinl riskh pssocied with my partcipagion i this eesearch stody, My signaiice sigaifies tar ail e abose s e,
I the best of my keowledge. Aoy indormation lel ursrswened was done isentoeally, I any ol the sbovwe
Dilommianion chamges | agres o bnfaim the prmeiple investgans

Pastin kpants Hl:.'m.lllml

[vestigaior Sipaeton

Wode All major risk Facioes, Siges & Sympiems clasfication sre taken direcity frem Whaley, Msche® H el ACSM s Goldefines
fie Farrvie Tesding anid Prescriplbon. Philsdslphin, PA; Lippiocest ¥Willlams & Wilkins, E00E

Chrric e Use Omiy

Flowadn Arlamiie ipversiny

e

Primied M

Privsad M

25

Major Risk Factors
Tarter paperience o leanl aiack befone e

YES WO

Has vour matlier ar sister experieice 8 hearl stk

friefoee Cie age aff BS YES [ N0

Has womr thoctos ever old o that vou might ke

His yomi
e
Al Al

liagh blood presssare YES ]
i gprma leave cliodestenol abome SO0 mlidl?

YES futn)
Dutal Chobesten] HI.
Ll tessed Linkmawn

Ll you have wnpairsd Rsting gheose |dinbetes or

e dubries) YES O M |
10 yes, dlo you ke mealin? YES (]
Wl year were vong dlizanosed?

Apr you physically inactive? YEs O NOC

Cless than 30 mimutes of physical scibvigy anoat least 3
days por week)

D yonn oy sosake or Baee you guil smeking, s
il st G omondis? YES M0

ik | osmiakie 18} chgamedies per daviarek

geirele oned for =Tt
bl 1 smoked {§] cipareies per daviavek
firele omeh VEATE AP0

ate

[RETH

Form HHOI



Appendix D: Informed Consent

RESEARCH SUBJECT INFORMATION AN CONSENT FORM

TITLE: Effect of Compression Steckings worn post exercise on Muscle Damage
PROTOCOL MOz 193671
SPONSOR: N4

INVESTIGATOR: Michael Whitehurst, Korey Kilsdonk, Friederike Feil, Robert Zoeller,
Sue Giraves

SITE Sz Flrida Atantie University, Boca Raton Camipas

ATUDY-RELATED
PHONE NUMBER(S): For P1: 560.297.2317 (aMice), 5613022674 (cell),

PLEASE READ: [his consent fomm moy contan words thot voo do not inderstand. Please sk
the audy doctor or e prneaple nvestigator (Or Whitehsirad or e study stalt e explain ony
wirds of mfoemmaton et voi do oot clerly understasd. You may take home an unsigned copy of
thit= costsend Fonm o thenk sbout or diseuss with fumly or frends before making vour decisaon.

SUMMARY

A pesearch participant, please Ko that we are i i way provading ANY form of health
assesamenl or health care, Rather, we are attempiimg 1o determumne i weanng a compressint
stocking after o sorepess mdueing exercise proteco] can reduce moscle domage post exercise. As
a pesenrch participand, it s vour ight to withdraw from the study af any time Tor any reason oF
simply decide not to participate n & partieular aspect ol the study, 110is your responsabality {a=
wiell a5 ours) to be vigilant with regard b how vou are responding duning the exercise, ond even
hoaw votl meght fewl when swe doow Blood from vour orm, That e, of for any reason von dao et
like the way vo feel or how we pre administering anv nspect of the study, please mfonmm ws
immediately. Finally, a5 o rescarch partiespant m this study, please Enow we are going 1o drow
Blood from vour orm (51 4 times dunng the course of a 24-hour penod O8N o occesions
syparoled by ppprosimately =seven days,

PFURPOSE OF THE STUDY

The purposse oof thas study 1= 190 determme 17 weanng o below knee cormpression stocking after o
soweness inducing exercize protocol raduces mipsele damogeSoreness. To answer this question,
wee will compure vour phivsical responses post esercize with and withoult the compression
stockings wom post exercise. Additionally, und perhaps most importuntly . we will be mensunng
a protean m vour Bleod that, when elevated, reflects musele domege. Ultimately, we may get o
goesd adea, if wearing o compression stocking, dfter o hord workouwt, con reduce musele damge
and 1eeling of sorencss.

PROCEDURES
Acmang vou have met the critena Bsted below

| initinls
e
S e T

AU e Radew Bonard

26



Partscipate i oy type-of exercise training oot more than 2-5 times a week Toe 30-600
minunes (recreationnlly active).

Between the npes afl 18 - 35

Present verns in your ammes that are relatively easy o obtan blood from

Yiou will report 1o the Exercise Scrmoe Labosatory dwectly bebund the FAL Field Hoose o
complete TWOF comiplete soteness inducing exercise pratocols (each abwur 7 days oparty and
OME maodified protocoel to become familiarzeed with the testmg procedure. TWO addibional
vasats om the “renl™ testing dovs (eomplete protoeal e admimstered § Tor hlood dows ane reguired
Twall woun wiall make 3 visitz io e lah, During the first day o testing, vou will read and <ijn a
comsent form, heatth istory and reviess with the investipstor (8} the purpose of (e research and
become Familiar with the testing procedure. Following paperwork and famaliameation, an
mvestigator will mensare your oolf cuctm ference on the dirmmnoant leg (1o determme the s of
carnpression stocking vou will wear on e testing dav for the experiment). Your haight and
weaghit will al=o e measured by the investiguior. The test 15 sdminisiered as Tolkows

&

A bicyche ergomweter will be adpusted 10 voar heaght. Yoo will do an easy warm np ol five
minutes pedoling against 73 walts ot on rpm- between 6 and 30
Adter the wanm up, you will have o porticipace i a sorencsz inducing probocel.

Thas protocol includes J0-m sprmt, where vou have to decelerate the last 10-m.
Immediately after the sprint, vou will do 10 deep, double Lep bounds for distance
performed from a gabioaary soguial poeation. Then you will have 1o rim Back to the sta
line and rest wotil crwe minute has elapsed. Mete: Y ou DO WOT HAVE MORE THAM
OME BMIMUTE 1o somplete the sprint and the 10 bounds. This sprint-bound eyele wall be
repeated for a todal of 10 tmes. Perlormance wall be assessed by mensunng the time to
cormplete esch repetition {20m spont plas 10 bound=), end the dastimes covered during
cach bowund

O one of the tests (this will be randommly assigned i cross-over fashion’, you will put
ona below knee compression stocking (C8) rmmediately post exerease for the next 6
Togres, Yo wall be Mitesd with o U5 secording to vour call carcumierence mepsured on the
firsd dav of testing, Know the Ch iz of medical grade, and is gradusted with the
compresaon grealest al the ankle and the least ol the culf,

O the other testing day, vou wall do the same soremess mdeeing protocal bt wathout
wearing the C5 posd exercise. NOTE: Y our performance should not differ bebacen
conditions

Additionally, ofter each repetition of the sprnt-bound cvele, you wall be asked to select o
nurnber between 6 10 20 030 = gxtremedy. hird = all ot o reflect vour otal body feeling
and the phvzical demands afier each sprint-hound cvcle

I the familiarzation session, vou will be only asked to do the spnnt bound cyele once,
S00We can pef some approximate mensuremments of how long ot will ke von te complete
o gyele amd the distance of vour jumps, This sesswon provides vou the opportunmty
become more comionable with the protoce

b imitinls
b e 7
w_] pptnpie i

“rdBE g Feaee Boad
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The familinsization sessaon and the sabsequent twe tests willl be adininistered
approximaely one week apan. o ensure PRI recovery between the tests

- Funthermore, vou wall be contacted by the researcher one day after the soreness inducing
prosteeol e subpectively azsess vour level of soreness amd overall impression of the
exercpse prodoeol, Any sl symproms should Be repoated 10 the invesiigator

PLEASE UNDERSTAND THE SORERESS INDUCTMG PROTOCOL 1S SUPPOSED TO
CREATE MUSCLE DAMAGE AND MAKE YOU SORE! GIVEN THAT YOU Do NOT
HARITUALLY EXERCISE. THIS FEELIMNG OF SOREMESS MIGHT NOT BE VERY
COMFORTABLE, SINCE TT % SOMETHING ¥YOU ARE NOT USED TO. The €8 and non-
L5 enercize fests wall take ppprosammiely 30 mimutes epch

For each of the CSima CF test davs, an mvestigator expenenced in phlebotomy {eollecting
venous blood sampbesy will draw 10 mi (1 ml s 1000 of a liter or quurt or o practecal tenms
aboul 2 tepspeons) of blood Froem the medmn cubital vem (omside of s al the elbow)
appreximately ¥ minuies before testing, imimedhately post - teat, six hours pest, and 24 hours
it (we will alternate armes). The sis howrs post und 24 hours post-exercize bleod draws reguire
voul returm bo the lab for o total of 13 minutes each. Smee vou will ot be sequestered during the
postexereize periad, il s IMPERATIVE vou DO MOT partscipate m exercise of any Kowd or
exert vorrsell dusing the =is lours post exercise or during e follving day prior o the 24 hour
posst-exercise blood draw, Additionally, vou will be asked 1o rate vour kevel of soreness basoed on
o =T poand seabe (7= very sored ol the nme of esch blood drow, Finolly, plesse realize thot we
have created o relatively private area for blood draws wherein we emphasize safely and
cleanliness gl all tmes

The comtamer mnto whieh Bood wall be drown Trem yeor amo wall be eoded numerseally, then
spun in o refrigerated cemnfiyge (spinning apparatiog) 1o separate the large prolens {(og RECs,
platetets) from the serum (liquid portion of biood). Your samples will be stored in & <80 degree F
freeser for analvsis, not to exeeed six mooths, Please understund we are interested i testing
saverid millibiters of yisr Blood seruom for o morker of miscle domage. The marker of miscle
damage 1= o chemeal i vour blood nemed Skeletal Troponin 1 s the chemiceal in the blood that
15 ceniral W thas stwdy. That 1, will weanng C% miloence mus=cle damaoge/sorencss as expressed
B im mwreased comsntrabion of s chemicil mothe Blood™ Fanally, swe may abso fest vour Blod
seru for inflammatory markers (eog , Coreactive pratemnd However, we WILL NOT less vour
whole blood or bleod 2erum For anything bestdes that which iz specifically stated in this consent.
Moreover, vour blood samples, without any form of wenbfication, will be disposed of 1n
hatardones waste contamers wnrmediately following the anilv=as, nol o exeeed sy month,

RISKS AND DISCOMFORTS
The risks associated wath this study imclude:
& The obwieus risk during venkpunciure (oblaining introvenous access) is the development
of infeetion at the site (.o, the medial cubital vein - al the mside of elbow ) of placement
of U needle used o withdraw the blopd. There is a slighl nsk sy dme the sin s
brodeen, Ciher visks include excesspve bleeding, fmting o feeling light headed. In rarc
oeeasions, i bematoma can form under the skin (hlood accumulating under the skin), or

3 mkuinds

Ao an e T N
opimam Ay
iettions e Board
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there might be the peed o perfoom muoltiple pupctares to locate the veins, A bematoma
and mulbiple punciures usually beal with tme. The person drawing the blood 15 well-
trained und performs the techmgue using sandord disnfecting procedures. Precautions
Loken are ruther stondard « distnfection of the site of needle insertion ond use of stenke
techimiue thivghsout the procedures The philebotomast {person who wall ke yvour
btq:r:rd} will ascertam i vou are taking medication/vitamins or have anv comnditions that
may nerease the likelihood of bleedimg. You should net grve blood or have 1t drawn, of
LRUTRTT o1 1T

Since you are nof regulacly rained. vou WILL expenence beg diseomfon afler vou have
perfomed the soreness mducing protocol (that 15 the poant of the study s wath the soreress
resolving ||:-u.|1"u. |!]1m 24-71 huu.p: oo pederbeand e SvErEs ix ot By el

NETFRL Car ::m'u:ﬂm A \'J.lrm!r.l' vy i %] .rrm Ty,

Extremely unlikedy, but sull, vou coukd expenence an wmexpectad heart rute amd'or biood
pressure respeonse aod o heert arhy s dumng the exercise predecol, Should an

ey pected event secur during testang, the investigator (=1will imitiate standard
laborutory procedures Lo mmmediately contact EBMS by calling 911,

MEW INFORMATION
Yo will b toled about anyihing new that maght change your declsion to be in this study. Yo
miy b asked foosign & new consent form. 1F this occurs:

BEMNEFITS
A pesull ol vour participson i thas study vou cin expect

o recetve ane pair of the CEP compression socks fvolue of 500 after vou hove
completed the study (1., all sessions)

Fmatly, your mvedverment i this stady may provide usetul datz m the gueess for a belter
nderstondinge of the role of compresacn gurmenis im eserese pafirmmsse and post-
exercise muscle damage.

COSTS
There are MO costs 10 Vou as a research porticopm)

4 wntinds

AP on W
Tprmon | aoone
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AUTHORIZATION TO USE AND DISCLOSE INFORMATION FOR RESEARCH
PURPOSES

AL iformation we obion shboul vee or as o direct resoll of vour parbepatan will:

*  He siored m ihe investigators office under lock and key andior i g pessword protecied
compoter with [ used rather than vour name.

= Mean vour name of ans informedicn we may gather will ool boe released to anvone
[eeept mmmediate rescarch staffy without vour written permission. unkess requined by
low

& Pettain o all data associsted to voar ivolvement i this stady wall b destroved after five
YA,

o Redwte o the results of this study, oot adentifieble o vou, may be shaced oo public
lorumn, such as a prolessiong] meetng and published 1na scientidic pournal,

*  Indicote vou moy withdraw or take owey vour permission (b smply telling os e do o)
b e any or all data peraning to partcipation in this sudy

COMPENSATION FOR INJURY
" FLEASE KEROW that FALD i ned able to offer fimancial compensation mone to absorh the
cots of medical treatment shoald vou be mjured a3 4 result of participating in this rescanch

VOLUNTARY PARTICIPATION AND WITHDRAWAL

Your participation m this study is voluntary. You may decide nol to participate or vou may leave
the study at ony e, Your decison wall not resull m any penolty or loss of benefits to which
visn nre eniitled

Your participation o this stsdy may be stopped ol any dme by the primepal myvestygator (O
Whitchursti:

& il = yvour hest imleress:

*  if vou mss a lestng session.

MUESTIONS
Comtacs D Michoel Whitchurst af (30170 2972713 (offwee), (3610 3022674 (eall) for oy of the
fosllming reasons:

il vou have oy questions abowt this study o yvoor pait i i,

o iF van feel vou have bed a rescorch-relaled mpary,

& 1w have questions, coneemes of complaimls about the rescarch

I you hove questions abow veur rghits s o mesearch sulject or i vou hove questions, comeems of
commplamis aboadt the research, vou may contact

Florda Atbantic University, Divisaon of Bessarch ol (3610 2974077
Do not sign this consent fonm unless vou bave had o chanee 10 ask guestons and have

recesved satisfactory. onswers:

5 stials

Reoeon | SamT
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CONSENT

| have read this consent form (or it has been read toomed, Al my guestions about the stwdv and
my part m it have been mawered. 1 freely consent to be in this rescarch study. [ have been

provided a copy of this consent Torm for my reconds.

By signing this consent form, [ have ool given up any of my legal nghts.

Subgect Mame {prnted)

Stgmuwiore of Sulject |18 veors and older) [t
Seggmavtiime of Person Condustmg Tnfommseal Dhate
Consenl Discussion
&poroeed on 132011
A Espews an A2

iabbaticial Reviee Boeard
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Appendix E: Soreness Inducing Protocol

4 cwdes
10 xRepealed on )
)0 deep
" dawde feq bourds

[ Crn -:'mcelgrqh o

run back

o
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Appendix F:Vicker's Soreness Scale

[ Iy
[
(12
[13
[14
[15
[ s

Please tick the sentence below that best deseribes vour level of muscle soreness over the past |2 hours.

A complete absence of soreness

A light poin Felt only when touched £ o vagoe ache

Acimaederate pain felt only when tosched £ a slight persiztent pain

A light pam when walking up or down stirs

A light pain when walking on a flat surface [ painful

Momesderate pomn, stitfness or weakness when walking / very poinful
Asevere pain that limits my ability to move
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