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ABSTRACT

EFFECTS OF VARIOUS TREATMENT TECHNIQUES ON
THE SIGNS AND SYMPTOMS OF DELAYED ONSET
MUSCLE SORENESS

by Dawn T. Gulick
Doctor of Philosophy

Temple University, January, 1995
Major Advisor: Dr. Iris F. Kimura

The purpose of this study was to examine the effects of
various treatment techniques on the symptoms of delayed
onset muscle soreness (DOMS). Subjects were 70 untrained
volpntgers 21 to 40 years old. DOMS was induced via 15 sets
of 15 eccentric contrﬁctions of the forearm extensor muscles
on the Lido isokinetic dynamometer. A pilot exercise bout
vﬁasfpertormed a minimum of 9 weeks prior to data collection
~to assure the production of DOMS. Baseline data included
therfolldwing'ls dependent variables: active wrist flexion
and extension, passive wrist flexion and extension, forearm
_girth,tlinb volume, Visual Analogue Scale, Muscle Soreness
Indgx, isélgtric strength, concentric and eccentric wrist

'7 tbta1‘wbrk,-concqhtric‘and eccentric wrist average peak



iv

torque, and concentric and eccentric angle of peak torque.
Subjects then repeated the exercise bout and dependent
variables were reassessed. Subjects were randomly assigned
to 1 of 7 groups (6 treatment and 1 control). Treatments
included an anti-inflammatory drug (NSAID), high velocity
concentric muscle contractions on an upper extremity
ergometer, ice massage, 10-minute static stretching, topical
Arnica montana ointment, and sublingual Arnica montana
pellets. Baseline assessments were repeated immediately
after treatment and 24, 48, and 72 hours posttreatment.

A 7 x 6 analysis of variance with repeated measures on
time was performed on each of the 15 dependent variables.
Significant (p<.05) main effects were found for all of the
dependent variables on time only. Newman-Keuls post-hoc
tests revealed no significant differences between the
various treatments for any of the dependent variables.
Although not significant, the NSAID and Arnica montana
treatments appeared to impede recovery of muscle function.
The upper extremity ergometer treatment failed to
significantly reduce edema or &ecrease muscle soreness. The
ice massage treatment appeared to influence acute muscle
soreness but was not effective in abating DOMS. The static
stretching treatment initially increaéed range of motion but
did not significantly influence muscle soreness or muscle
function. Therefore, none of the modalities employed in

this study significantly abated the symptoms of DOMS.
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PART 1
EFFECTS OF VARIOUS TREATMENT TECHNIQUES
ON THE SIGNS AND SYMPTOMS OF DELAYED
ONSET MUSCLE SORENESS
Introduction
Muscle soreness is a common occurrence following
unaccustomed physical activity. Muscle soreness has been
differentiated into "acute" and "delayed onset" secondary to
the time in which soreness occurs. Acute muscle soreness
occurs during the finallstages of fatiguing activity and has
been attributed to ischemia (Dorpat & Holmes, 1955) and the
accumulation of metabolic waste products (Friden, Sjostronm,
& Ekblom, 1983; Talag, 1973). Delayed onset muscle soreness
(DOMS) occurs after exercise has been completed. DOMS
increases in intensity in the first 24 hours after exercise,
peaks from 24 to 48 hours and then subsides within 5 to 7
days postexercise (Abraham, 1977; Armstrong, 1984; Talag).
DOMS presents with tenderness to palpation and/or movement
(Francis, 1983; Hough, 1902) and decreases in flexibility
and maximal voluntaty force production (Asmussen, 1956; Komi
& Viitasalo, 1977; Talag; Tiidus & Ianuzzo, 1583). DOMS is
believed to result from eccentrig muscle activity (Abbott,

Bigland, & Ritchie, 1952; Asmussen; Komi & Viitasalo;



Newham, Mills, Quigley, & Edwards, 1983; Talag). Eccentric
muscle activity is essentisl in activities of daily living
(ADL) such as descsnding stairs, squating, lowering an
‘object, and general coordinated activity. Athletic
participation requires eccentric muscle force for activities
such as limb deceleration when throwing a ball and for
control in lowering a barbell. The signs and symptoms of
DOMS may impair function 24 to 48 hours posteccentric muscle
activity, thsrsbf, altering an individual's ability or
wiilingness to perform ADLsS, therapeutic exercise, or sports
pa:ticipation (Francis & Hoobler, 1987). A means of
reducing the signs and symptoms of bons, without
compromising the intenSiEy of the activity, would restore
‘muscle function and allow an individual to resume ADLs,
»rehabilitation, or sport participation.
No intervention stategies currently exist for
'prsvsnéing DOMS. The only alternative is to treat the signs
' and - symptonms of DOMS after they occur. Numerous
11risvsstigst0ts have:attsnpted to ;dsntify treatments for DOMS
]ﬁfhbrdhan, 1977; Buroker & Schwane, 1989; Denegar, Perrin,

i';\:Rogol & Rutt, 1989; Hasson, Barnes, Hunter, & Williams,

Hsadley, Newhal, & Jones, 1986; Hill & Richardison,
Jansssn, Kuipers, Verstappen, & Costill, 1983;
iiYackzsn, Adans, & Francis, 1984). None of the studies

reviewed addressed a11 of- the signs and symptoms of DOMS;

ths nsjority of the studies involvsd assessment of muscle



soreness (Abraham; Hasson et al.; Headley et al.; Hill &
Richardson; Janssen et al.; Yackzan et al.). Only 7 studies
involved the assessment of muscle function (Denegar &
Perrin, 1992; Francis & Hoobler, 1987; Hasson et al., 1989;
Hasson et al., 1993; Hasson, Mundorf, Barnes, Williams, &
Fujii, 1990: Hasson, Wible, Reich, Barnes, & Williams, 1992;
Hill & Richardson; Isabell, Durrant, Myrer, & Anderson,
1992). The ambiguity of treatment techniques and the
absence of preventative techniques probably stems from the

lack of knowledge of the etiology of DOMS.

DOMS Theories

The etiology of DOMS has been addressed by many
researchers (Abraham, 1977; Armstrong, Ogilvie, & Schwane,
1983; Asmussen, 1956; deVries, 1961; Friden, 1984; Hough,
1902; Howell, Chila, & Ford, 1985; Newham, Jones, & Edwards,
1983; Watrous, Armstrong, & Schwane, 1981). As many as 6
theories have been identified in the literature.

The lactic acid theory correlated high levels of lactic
acid with DOMS (Asmussen, 1956). This theory was refuted by
Schwane, Johnson, Vandenakker, and Armstrong (1981) and
Watrous et al. (1981). The muscle spasm theory related the
presence of muscle spasms to ischemia and pain (deVries,
1961). However, Abraham (1979) was unable to reproduce the
results of deVries to support the muscle spisn theory.

Disruption of the contractile component was the emphasis of



the torn tissue theory. Numerous investigators, dating back
to Hough (1902), demonstrated that the z-lines were the
weak 1link" in the contractile apparatus (Friden, Sjostrom,
& Ekblom, 1981). The z-lines of the IIb fibers are the
" narrowest and weakest of the fiber types (Newham, McPhail,
Hills, & Edwards, 1983). Eccentric activity preferentially
recruit the IIb fibers and produces "streaming" of the z-
lines in the type IIb fibers (Friden, 1984; Newham, McPhail,
A et al.). Muscle biopsy studies support the torn tissue
theory via the appearance of muscle fiber streaming (Newham,
McPhail, et al.). The series elastic element (SEE) has been
the focus of the connective tissue theory. The site of the
: tenderness is frequently'at the distal third of the muscle
and the insertion of the muscle~tendon junction (Friden,
VSfakianos, & Hargens, 1986). The oblique orientation of the
fibers of the muscle at the insertion may make these fibers
»uore susceptible to mechanical trauma (Newham, Mills, et
';al., l983). The presence of hydroxyproline (OHP) in the
.jeccentrically'active muscle confirmed the breakdown of
r:connective tissue (Abraham). Maximal levels of OHP occurred
'rlat 48 hours postexercise which was: consistent with the peak
f;of nous (Abrahaa, 1977). The enzyme efflux theory was based

upon the belief that various collagen and protein

netabolites aay be released into the extracellular spaces

7(Arnetrong, 1984).7 The intensity and duration of the

eccentric nuscle activity influenced the neabrane



permeability and the amount of fiber degeneration. Creatine
phosphokinase (CPK) levels markedly increased posteccentric
muscle activity but the time at which CPK peaked was
variable and did not always correspond with the peak of DOMS
(Schwane et al.). Substances such as calcium have been
found to cause damage to the muscle when in direct contact.
Calcium has been reported to activate proteases and
phospholipases to cause protein degradation (Friden et al.,
1983) but the administration of a calcium antagonist such as
Verapamil, has failed to significantly decrease DOMS (Lane,
Turnbull, Welch, & Walton, 1986). The accumulation of
histamine, kinins, and potassium in the interstitium have
also been suspected of éontributing to DOMS (Armstrong).
The possibility of a substance establishing a diffusion
gradient for fluid movement was proposed by Stauber,
Clarkson, Fritz, and Evans (1990). When fluid moves across
the ceil membrane and into the extracellular spaces, edema
results. Eccentric activity has been known to be associated
with a "mini compartment syndroge" (Howell et al., 1985).
Tissue fluid pressure has been reported to be greater with
eccentric than concentric muscle activity however, the time
course of the edema to that of DOMS has been contradictory
(Hough, 1902; Howell et al.; Talag, 1973).

Presently, no single theory has been identified as the
sole cause of DOMS. There is overwhelming evidence against

the lactic acid theory (Schwane et al., 1981; Watrous et



al., 1981). Attempts to reproduce studiés by deVries (1961)
to support the muscle spasm theory have failed. Both the
.. torn tissue and connective tissue theories have been widely
'anepted as contributing to DOMS (Abraham, 1977; Armstrong,
1984; Friden, 1984; Hough, 1902; Newham, McPhail, =t al.,
1983). A single substance has not been directly correlated
‘with the enzyme efflux theory but the rationale is
consistent with that of the tissue fluid theory (Armstrong;
Howell et al., 1985; Stauber et al., 1990). The potential
‘exists for the cause of DOMS to be a combination of these
theories. Therefore, treatments may also involve a

‘combination of techniques.

Treatment
Despite the fact that the pathophysiological mechanisnms

. .-of DOMS remains unresolved, there have been a number of

£ suggeated treatment tecnniques. The goal of treatment is to
rrestore maxinal function of the eccentrically exercised

?,‘ﬁuécles as rapidly as possible. Non-steroidal anti-

1‘¥inflaniatoty'drugs (NSAID) are inhibitors of several steps

’,along the ‘arachidonic acid pathway of prostaglandin
isynthesis (Searle, 1993). One of the modes of action is to
inhibitrprostaqlandin synthesis at the site of inflammation.

! The use ot anti-inflauuntory medication to udﬂrass exercise-

'induced nyalgia has ‘not been successful (Donnelly, Maughan,
&ﬂﬂpgting,alqso;Vannelly, McCormick, Maughan, Whiting, &



Clarkson, 1988; Hasson et al., 1993; Headley et al., 1986;
Janssen et al., 1983; Kuipers, Keizer, Verstappen, &
Costill, 1985; Politino, Smith, & Waggoner, 1984).
Fluriprofen (Janssen et al.; Kuipers et al.) and diclofenac
(Donnelly et al., 1988) have also been shown to have no
gffect on the perception of muscle soreness. Interestingly,
the spacing of the trials of eccentric muscle activity
ranged from 3 (Janssen et al.) to. 10 (Donnelly et al.) weeks
apart but in all cases, soreness perception for the last
trial was considerably lower thantcthat of the first trial.
This long-lasting prophylactic effect on muscle soreness has
been identified as the "repeated bout effect" by Byrnes et
al. (1985). '

Studies involving ibuprofen (Donnelly et al., 1990;
Hasson et al., 1993) revealed contradictory resulté.
Donnelly et al. concluded that DOMS was not abated by
administration of a 8,400-mg dose:of ibuprofen 30 minutes
prior to eccentric muscle activity:and continuing for 72
hours postactivity. COnversely,_Hasson et al. reported a
reduction in the symptoms of DOMS in 2 groups of subjects.

A prophylactic group took 4 400-mg-doses every 8 hours with
the initial dose 4 hours prior to:exercise. The therapeutic
group took 400-mg doses every 8 hours from 24 to 48 hours
after exercise. The success of these treatments were not
thoroughly explained. Francis and Hoobler (1987) also

examined the influence of prophylactic treatment on DOMS



with aspirin. The results were improvements in muscle

' soreness and range of motion (ROM) but not in muscle
_function. The researchers sited the work of Armstrong et
al. (1983) to explain the results. Studies of exercise-
induced injury in animals indicated that the normal
inflammatory sequence did not occur (Armstrong et al.).

Application of 10% trolamine salicylate cream (TSC) was
.studied by Hill and Richardson (1989). Arm circumference |
and plasma creatine phosphate level were found to be similar

-- for the control and the treatment éroups, but the soreness
rating was significantly reduced in the treatment group.

.. The means by which the TSC aided in decreasing the level of
VSOreness was not addressed. ciccone, Leggin, and Callamaro
-(1991) examined TSC with and without ultrasound on DOMS.
TSC and TSC with ultrasound was ineffective in decreasing
VVDOHS and ultrasound alone enhanced the symptoms of DOMS.

? Cenverseiy, the influence of pulsed ultrasound on muscle

:7;sereness and muscle function was significantly better when

i:éQmpared to the control group. The authors theorized that

%féﬁe uecnanical'escillation of the pulsed ultrasound altered

fthe vascular permeability and the pressure gradient across
the nyo-ysiun.

Hasson et a1. (1989) studied the effects, of high
ve10c1ty~concentricrexercise on DOMS.- submaxinal concentric

nuscle activity does not cause tissue dalage and produces

‘uch»lower intraauscular pressures than eccentric muscle




activity (Friden, 1984; staff, 1988). The popular belief
that muscle soreness can be alleviated by "working it out"
has been impler:nted for many years (Hasson et al.). The
execution of high velocity concentric muscle activity after
inducing DOMS resulted in a significant reduction in muscle
soreness and an improvement in muscle performance (maximal
voluntary contraction, peak torque and total work).
However, if the mechanism for the reduction of muscle
soreness was a reduction in edena, voiumetric and/or
circumferential limb measurements should have been performed
to demonstrate the relationship between edema and DOMS.
Cryotherapy has been considered effective in soft
tissue injury via its ability to decrease the circulatory
response, inflammation, swelling, and intravascular pressure
(Beirman, 1955; Knight, 1976; Lehmann, Warren, & Schan,
1974). Yackzan et al. (1984) compared the effects of a 15-
minute ice massage performed immediately after eccentric
activity, 24 hours and 48 hours postexercise to determine
the optimal time of cold application. The results of
cryotherapy on pain assessment and joint ROM were
inconsistent relative to time of application. The effects
of ice massage, ice massage with exercise, and exercise_
alone on DOMS were studied (Isabell et al., 1992). Although
not statistically significant, some interesting trends

resulte¢. The authors concluded that cold application may



10

7 adversely affect the adaptation and repair of the tissue
;s'responsible for the sym.:oms of DOMS.
Researchers have investigated the effects of warm-up,
‘} preexercise (High, Howley, & Franks, 1989), and postexercise
.. (Abraham, 1977; Buroker & Schwane, 1989: deVries, 1961;
7 McGlynn, Laughlin, & Rowe, 1979) stretching on DOMS. The
results were as varied as the stretching techniques.
N Neither submaximal warm-up nor preexercise stretching
- significantly influenced the preception of DOMS (High et
al.). The results of Buroker and Schwane showed that static
stretching did not alleviate DOMS. Published studies in
Lr'which the muscle stretching technique is standardized do not
:7_exist. A recent study bnyandy and Irion (1994) indicated

'that a 15-second static stretch of the hamstrings muscles

i‘performed 5 times per week for 6 weeks was more effective
- than' no:stretching at all. A 30-second stretch was found to

f.prbdscs5sign1ficant1y greater ROM than the 15-second

7 duration but a minimal increase in flexibility of the

Haﬁstrings'nhscles was gained by.increasing the duration of
hé strstch from 30 to 60 seconds. R. Nyberg (personal
vconmunication, September, 1983) reported that it took at

lll;st 8 ninutes to stretch the muscle into the plastic zone
of tissue elongation. If long lasting soft tissue '
'e' ngation is the: goal, a sustainsd stretch of at least 8

F,ﬂ“t°§¢"9“ld be desirable.
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The effects of low frequency transcutaneous electrical
nerve stimulation (TENS) on DOMS has been examined (Denegar
et al., 1989). The TENS treatment significantly decreased
the level of perceived pain and increased ROM but did not
influence serum cortisol concentration. Denegar and Perrin
(1992) also studied the effects of TENS with and without
éold application followed by stretching. The groups
receiving cold, TENS, and a combination of cold and TENS
reported a lower level of perceived pain than those who
received sham TENS or no treatment. Static stretching
abated the pain in all groups but the subjects in the cold,
TENS, and combination group demonstrated greater decreases
in pain following stretcﬁing.

The use of Arnica montana, L. as a medicinal plant
dates back to the 16th century and has recently been
reintroduced (Willuhn, 1991). Arnica montana is more
commonly known as Mountain Daisy. In 1982, Arpica montana
was a component of 271 preparations used for 33 different
indications (Tyler, 1982; Willuhn). The suggested use of
this herb includes analgesia, rheumatism, soft tissue
trauma, muscle fatigue, inflammation, venous insufficiency,
infection, and cardiac disorders (Castro, 1991; Willuhn).
Arnica montana is available in ointments, sublingual
pellets, and tinctures. Tveiten, Bruseth, Borchgrevink, and
Lohne (1991) examined the effects of Arnica montana pellets

on blood enzymes and muscle soreness in marathon runners.



'Blood enzyme levels were not significantly different between

° the Arnica montana and control groups but muscle soreness
. was reduced in the Arnica montana group. Studies by Czygan,
\:Kemper,VReuter, and Weiss (1991) on subjects with chronic
venous insufficiency (CVI) revealed topical Arnica montana
application to have a positive influence on edema. Although
1  Ainigg_mgn:gng is approved by the Federal Foocd, Drug and
_ Cosmetic Act (FDA), the research available is extremely
limited (Castro; Czygan et al.; Kowalchik & Hylton, 1987;
Tveiten et al.; Willuhn, 1972; Willuhn, 1991). The
Errwidespread pharmacodynamics of the Arnica montana plant
ﬁi~shou1d stimulate interest in the effects of this herb.
7' Particular interest for sﬁorts medicine should be the
?;finfluence of Arnica montana on soft tissue trauma and

inflammation.

| The literature on the etiology of DOMS is plentiful but
- .the material addressing DOMS treatment is limited and
-.contradictory. Methodology changes in the administration of

-various treatment techniques may provide interesting results

' on'the signs and symptoms of DOMS. None of the studies
b”addréssed'all of the symptoms of Dons.r Previous research
2h;§ibéen successful at generating ﬁuscle soreness with 150
5to”§00-§écentfic contractions at various joint velocities
(ﬁﬁrﬁkef'&'échwane, 1989; Denegar & Perrin, 19§2: Donnelly,
éfJiig;,iQQO;:friden, 1984; Hasson et al., 1989; Hasson et

éi;;'lssd; Isabell et al., 1992). Low velocity eccentric

o . 12



muscle activity has been identified as more fatiguing and
less injurious than high velocity eccentric muscle activity
(Komi & Viitasalo, 1977). Rest periods between exercise
sets should also be provided so that muscle soreness is the
limiting factor in performance and not circulatory or
respiratory factors (Albert, 1991; Bonde-Peterson, Knuttgen,

& Hendriksson 1972; Dean, 1988).

Statement of Purpose

The purpose of this study was to determine the effect
of an NSAID (Daypro), high velocity concentric muscle
activity, ice massage, static stretching, topical Arnica
montana ointment, sublingual Arnica montana pellets, and a
placebo on active and passive ROM, forearm girth, limb

volume, muscle soreness, and muscle function.

Hypotheses

1. There will be no significant difference in
active and passive wrist flexion or extension among the
treatment groups after DOMS is induced.

2. There will be no significant difference in forearm
girth or limb volume among the treatment groups after DOMS
is induced.

3. There will be no significant difference in muscle
soreness among the treatment groups after DOMS is induced.

4. There will be no significant difference in muscle

function among the treatment groups after DOMS is induced.

13
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5. There will be no significant difference in the
signs and symptoms of DOMS among the treatment effects

across time.

Materials and Methods
Research Design
A 7 X 6 analyses of variance (ANOVA) with repeated
measures were used on each of 15 dependent variables. The
independent variables were 7 treatment methods and 6
repeated measures on time. DOMS was induced via 15 sets of
15 repetitions of eccentric wrist extension. The 15
dependent variabies were active wrist flexion and extension,
" passive wrist flexion and extension, forearm girth, limb
volume, Visual Analogue Scale (VAS), muscle soreness index
(MSI), isometric wrist extension force, concentric and
_eccentric wrist extension total work, concentric and
eccentric wrist extension average peak torque, and
concéntric and eccentric angle of peak torque for wrist
+ - extension. The 7 treatment methods were the anti-

7;inf1ammatory medication oxaprozin (Daypro, Searle

' Pharmaceutical, Skokie, IL), high velocity concentric muscle

: activity via an upper extremity ergometer, ice massage,
sfgtic stretching, 4% topiéal Arnica montana ointment
(Bbiron; Norwood, PA), 6C sublingual Arnica montana pellets

(Bdiron, Nprwood, PA), and a placebo. -
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Subjects

Thirty-five males and 38 females, aged 21 to 40 years,
volunteered for this study. Three subjects were lost by
attrition. All subjects were screened for previous upper
extremity pathology. Height, weight, and age were obtained
(see Appendix A). All subjects gave written informed
éonsent to participate (see Appendix B). The protocol was
approved by the Institutional Review Board at Temple
University (see Appendix C). All subjects completed a
health gquastionnaire to screen for past and current medical
problems, upper extremity pathology, and medication (see
Appendix D). Pregnant and nursing women were excluded from
this study, as were individuals with a history of liver and
kidney dysfunction, peptic ulcer disease, and asthma. All
subjects were familiarized with the experimeﬁtal procedure
via 1 practice session and were made aware of the possible
risks involved. Subjects were instructed to abstain from
all vigorous physiéal activities and from all medications 1
week prior to and during the data collection phase of the

study.
Instrumentation

All measurements throughout the study were taken by the
same investigator who is a Pennsylvania licensed physical

therapist and National Athletic Trainer’s Association

certified trainer. Instruments utilized in this project
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?included a standard goniometer, a Gullick anthropometric

‘ﬁeasuring tape, an upper extremity volumeter, a VAS, a Model

-+:75 force probe, a MicroFET dynamometer (Hoggin Health
€1Ihdustries, Draper, UT), and a Lido isokinetic dynamometer

(Loredan Biomedical, West Sacramento, CA).

ROM. A goniometer is a double-armed, full circle
;}pgotractor with 31-centimeter long arms that is marked off
:,in 1-degree increments and used to measure joint ROM. The

ifrslisbility of goniometric measurements using a standard

;?plastic goniometer was studied by Boone, Azen, and Lin
i511978), Low (1976), and Rothstein, Miller, and Roettger
“;(1983). Rothstein et al. .found intratester reliability to

vbe‘hetwesn r = .91 and r = .,99. The investigator’s

‘goniometric reliability was tested at r = .98 for active and

’psSSivs wrist flexion and extension (see Appendix E).

"ﬁﬂgng. The Gullick anthropometric tape was imported
f,fronsrakistan and assembled by Fabrication Enterprises

(Everton, NY). This measuring tape was equipped with a

‘spfihg at the end of the tape to assist the investigator in
"aintaining a consistant amount of tension during the

eaturenents. The investigator’s girth measurement

eliability was r = .99 (ses Appéndix E). »
;The uppsr sxtrsnity volunster, nanufactured by

un"ers Unlinited (delands, CA),. was used to assess

orsgrp;yqluse,,,h volusstsr is an open sstsr fillea
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plethysmograph. Studies utilizing a volumeter have been
performed by Percson, Takolander, and Bergquist (1989) and
Thulesius, Norgren, and Gjores (1973). Persson et al.
reported the accuracy of the volumeter to be within 1% for
repeated measures (<25 millileters) and found a high
correlation (r = .97) between volume displacement and
éircumferential measurements. Thulesius et al. compared the
standardized invasive technique of measuring venous pressure
with volumetry. The correlation coefficient was .89. The
investigator’s volumetric reliability was r = .99 (see

Appendix E).

Muscle Soreness. A VAS was selected to assess the
subject’s level of muscle soreness. The VAS consisted of a
10 centimeter line with descriptors at each end. The left
end descriptor was ngQ_soreness at all and the right end
descriptor was goreness as bad as it could be (see Appendix
F). The VAS has been used as a valid and reliable
measurement for determining the intensity of human pain (Lee
& Kieckhefer, 1989; Price, McGrath, Rafii, & Buckinghanm,
1983). Price et al. stated that only when pain is measured
on a ratio scale can a meaningful statement be made about a
given percent of pain reduction.

The Model 75 force gauge probe was manufactured and .
tested by Technical Products Company (Caldwell, NJ).

Unpublished data (1987-1991) of Donald C. Meserlian P.E.



compared the force gauge probe to weights traceable to the

“National Bureau of Standards. Reliability of the instrument

‘was r = .99. The investigator’s muscle probe reliability

‘was r = .95 (see Appendix E).

uggglg_znng;ign. The MicroFET dynamometer was used to
' measure isometric wrist force. The MicroFET dynamometer is
7 ﬁ:microprocessor-control1ed, hand-held transducer which
7 néasures force in a perpendicular direction. The MicroFET
“dynamometer is equipped with 3 strain gauges to measure
‘ifprcé vectors from 3 directions to provide accurate results
}(r>.95). Allsop and VanWagoner (1987) reported the MicroFET
. 'dynamometer to have a coefficient of variation of less than
' 113%. The investigator’s MicroFET dynamometer reliability
'ﬁas‘r = ,97 for wrist extension (see Appendix E).

. The Lido isokinetic dynamometer was used to assess
concentric and eccentric force production, and to induce
éOHSfin the eccentric mode. Validity and reliability of
fnié’éysten was studied by Patterson and Spivey (1992). The
fﬁ¥i!“‘ deviation of angular velocity from the selected

locity was .02 degrees per second. The Pearson product

ﬁoiéntvébrrelation for measured torque‘qveraged r = 1,00,

Tﬁ_;ﬁgiinun,dittérenccs between observed and expected torque

Qgrgf-é .96).~‘Thqse results demonstrated that the Lido
sokinetic dynamometer is both valid and reliable for the

'orquefahdrﬁé;qcity>sgudied.

18
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Bilot Study

All volunteers completed a pilot session of 15 sets of
15 repetitions of eccentric wrist extension at a velocity of
30 degrees per second. The non-writing upper extremity of
each subject was utilized in this study. This selection was
made to minimize the use of the exercised extremity once
DOMS was imposed. A l-minute rest was given between sets to
reduce the possibility of circulatory or respiratory factors
limiting exercise performance.

The exercise was performed on a calibrated Lido
isokinetic dynamometer in the eccentric mode. Each subject
was seated in the manufacturer’s recommended position with
the shoulder in an anatomicélly neutral position, the elbow
flexed to 90 degrees, and the wrist fully pronated (see
Figure 1). The subject’s limb was passively returned to an
extended position after each eccentric contraction to ensure
that only eccentric extension was performed. Wrist ROM was
limited to 50 degrees of flexion and 50 degrees of
extension. The data were stored on the central processing
unit of the Lido isokinetic dynamometer and total work was
calculated. This pilot session was important to confirm the
production of significant muscle soreness since it is
possible for some individuals not to experience DOMS from
this protocol. The assumption was that if DOMS was
experiencgd as a result of the pilot study, it would also be

experienced in the repeat performance of the same amount of
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‘Lido Isokinetic Dynamometer
Exercise and Test Position
for Concentric and
Eccentric Wrist
Extension

Figure 1.

Znork at least 9 weeks later. The aoility to draw
"onolusions ‘about the effectiveness of the treatment methods
';as:dependent on the assumption that soreness did occur.
ubjeots oonpleted a pain analogue rating 24 end 48 hours
poetexerciee to deternine the extent of muscle soreness

licited.; If. the score on the pain analogue scale was

ater’then or equal to 3 ona soele of 0 to 10, the
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subject proceeded to the next phase. If soreness was
reported to be less than 3, the subject was not permitted to

proceed.

Measurement Procedures

Data collection began a minimum of 9 weeks after the
pilot session. This time period was selected to minimize or
eliminate the "repeated bout effect" identified by Byrnes et
al. (1985). Immediately prior to data collection, all
female subjects were asked to perfqrm a pregnancy test (EPT,
Parke-Davis, Morris Plains, NJ). Any subjects testing
positively were not permitted to proceed. Baseline data,
identified as "assessment time (AT) 1", were obtained for
all subjects. This included active-and passive ROM of the
wrist, forearm girth and volume, muscle soreness via VAS and
modified punctate test, and muscle function via isometric

force production and isokinetic testing.

ROM. Active and passive wrist ROM were obtained via
standard goniometry to the nearest_degree (Boone et al.,
1978; Rothstein et al., 1983; Stratford, Agostino, Brazeau,
& Gowitzke, 1984). To avoid any influence of passive joint
manipulation, active ROM was assessed prior to passive ROM.
Extension was measured before flexion. All measurements
were taken in the seated position with the elbowrstabilized
in full extension and the wrist pronated. Each measurement

was taken twice with the average recorded by the researcher.
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Edema. Forearm circumferential measurements were

TperfOrmed with a Gullick anthropometric measuring tape.

}Tnis tape measure is equipped with a strain gauge to ensure

“consistent tension on the tape for reliable measurements.

' The epicondyles of the humerus were identified with a
ipernanent marker. Additional marks were placed on each
{enbject's forearm at 2.5, 5, 7.5, 10, and 12.5 centimeters
icietal to each epicondyle. Both epicondyles were utilized
iin the_girth measurements to ensure‘consistent circular
neasurenents. Measurements were taken to the nearest
niiiineter. The average of 2 measurements was calculated
end recorded for each circumferential site.

‘ ' Upper extremity edene was evaluated with a volumeter.
The eubject was instructed to slowly submerge his/her non-
wricing upper extremity in the 33 degree Celsius water bath.
fne;eubject cradled 1 of 3 internal handles of the volumeter
in the'weﬁspace of the hand. The wrist and fingers remained
extended. The handle selected was based on the length of

e subject's arm. The most superiorly located handle which

achieved conplete subnersion of the epicondyles was selected

and_recorded for subeequent assessments. The water
”leced,:ron3the volumeter was carefully collected in a
tainer;and“neaeuredrin a gradueted cylinder.  The subject
oro ghly dried the upper extrenity prior to a second

nenc._ The collection container and the graduated
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cylinder were also thoroughly dried between assessments.
Measurements were taken in milliliters. The average of the

2 volume measurements was recorded on the data sheet.

Muscle Soreness. Muscle soreness was assessed via 2
methods. The first method was a VAS (Blankenship, 1989;
Downie & Leatham, 1978; Lee & Kieckhefer, 1989; Price et
al., 1983). Each subject was instructed to place an "x"
along a 10-centimeter line to describe the amount of muscle
soreness he/she was presently experiencing with active wrist
ROM. The investigator then measured from the no soreness at
all end to the "x" (accurate to the nearest .1 centimeter).
This sheet was then removed from the view of the subject and
he/she was then given a new unmarked VAS to complete. The
average of the 2 measurements was recorded on the data
sheet.

Muscle soreness was also assessed with a modified
Newham punctate technique (Hasson et al., 1989; Newhan,
Mills et al., 1983). A polyurethane sheet shaped to fit the
forearm was invaginated with 10 punctuate sites which
spanned the length and width of the wrist extensor
musculature (see Figure 2). The elbow was flexed to 90
degrees, the forearm was pronated, and the wrist was placed
in the neutral position. The polyurethane sheet was secured
to the forearm with velcro straps. Special attention was

given to anatomic landmarks to ensure constant positioning
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Figure 2. Muscle Soreness Grid

in subsequent evaluations. The measurement device consisted
'—ofra~b1nnt 2-millimeter probe attached te a force gauge

;with a capacity;of'14 pounds and—sensitive to 4-ounce
‘t4increnents. Argraduailyrincreasing force was-applied to
:;feech site. Eech'subject was'asked to verbelly indicate when

'fthe applied force: surpassed skin tension -and reached a level

iof -uscle disconfort. If a- ‘force of 14 pounds was obtained
:without the report of discontort nuscle soreness was

v?considered not present nt that locetion. Unlike all other
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measurements in this study, the measurements with the force
gauge were only taken once at each of the 10 sites. It was
deternined in the pilot session that immediate retesting
with the force gauge produced a lower set of second muscle
soreness values. Presumably, there was an increase in the
sensitivity of the sites to subsequent pressure
'measurements. The intensity of the muscle soreness was
calculated by taking the inverse of the amount of force
applied to each site and summating the 10 sites. This was
identified as the MSI. Although an increase in muscle
soreness was demonstrated by a decrease in the amount of
pressure tolerated by the probe, by inverting the sum of the
probe sites, the MSI would also increase. This inversion of

the data eased statistical analysis.

Myscle Function. Isometric force for wrist extension
was measured with the wrist fully pronated and the elbow
stabilized at endrange extension. Resistance was applied on
the dorsum of the hand via a "break test" (Daniels &
Worthingham, 1986). The maximum force generated was
measured in pounds with a MicroFET dynamometer. This
measurement was taken twice with a 1-minute rest between
tests. The average of the 2 measurements was recorded on
the data sheet.

Isokinetic wrist extension was evaluated using the Lido

isokinetic dynamometer in the concentric and eccentric mode



26

‘at 30 degrees per second. As per Loredan’s recommendations
(Personal communication, J. Capobianco, September 27, 1993),

3 submaximal repetitions were performed prior to 4 maximal
contractions with data collected on the second, third, and
fourth repetitions. Total work, average peak torgue, and
angle of peak force generation was obtained for each mode of
.contraction.

Each subject then repeated the exercise bout described
in the pilot session. Total eccentric work was calculated
and compared with that of the pilot session. Additional
work was performed via supplemental set(s) of 15 repetitions
if the total work of the data collection phase was less than
that of the pilot session. ‘Immediately following the
exercise bout, active and passive ROM, girth, volumetry,
soreness assessments, and muscle function measurements were
repeated in the identical order of AT 1. Each series of
asééssnénts were recorded on a new data sheet to avoid
bigsing the investigator with previous measurement data (see
Appendix G). These measurements taken immediately after the

'Q‘exarcise session were identifiedias AT 2. '
,rrihe;suhjects were randonmly assigned to 1 of 7 groups.

'?hp}supjécts were not provided with any information

r;féqa:ding'priqr research or anticipated treatment effects to

7 iv§id’bi§s1ng"subjects, The subjects in Group A were given
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a 1,200-mg dose of the anti-inflammatory medication,
oxaprozin, immediately after the eccentric exercise. A
supplemental "loading dose" of 600 mg was taken 12 hours
later. Instructions were given to take 2 tablets (600 mg
each) every 24 hours for 3 days. Precise times were given
to each subject which corresponded to 24, 48, and 72 hours
from the initial dose. The identical instructions were also
written on the tablet container that the subject took home.
The subjects were reminded of all potential side effects
outlined on'the consent form and instructed to contact the
investigator immediately with any problems. The subjects
then rested for 20 minutes in order to simulate the other
treatment period elapse times.

Subjects in Group B utilized an upper extremity
ergometer at a velocity of 60 revolutions pei minute (RPM)
without resistance for 10 minutes immediately after A7 2.
Sixty RPM are equivalent to a limb velocity of 360 degrees
per second. Verbal feedback was provided to the subjects to
assist in maintaining the desired velocity. The subjects
then rested for 10 minutes after this activity.

Group C received an ice massage over the wrist
extensors for 20 minutes immediately after AT 2. The ice
massage was completed with the subject seated and the elbow
and wrist in extension and the forearm pronated. A towel
was placed under the forearm to absorb the melting ice. The

ice cup was moved in circular motions along the length of



the posterior forearm. When the ice cﬁp melted to the point
at whizh gripping it was difficult, a new ice cup was
obtained. The arm was thoroughly dried after the ice
massage.

Group D executed a static stretch of the wrist
_extehsors in the seated position immediately after AT 2.
The subjects were passively placed in a position of full
elbow extension with the wrist pronated and flexed to
endrange. This position was maintained for 10 minutes. The
subjects then rested for an additional 10 minutes.

Group E was treated with a homeopathic remedy known as
Arnica montana. A thin layer (approximately 0.5 grams) of
4% topical Arnica montana ‘ocintment was applied by the
researcher to the posterior forearm immediately after AT 2.
The subjects were instructed to gently smooth the ointment
into the skin without vigorously rubbing the forearm. The
subjects were told to apply 0.5 grams of ointment to the
forearm every 8 hours. A demonstration of a 0.5-gram dose
:; was provided. Subjects were given specific times at which
-to apply the ointment and these times were written on the
,unlabeied Arnica montana tube.

. Group F was given a sublingual form (6C) of Arnica
1 ?mgn;;n§; Subjects were asked to take 3 pellets (50 grams

' éach)kimmediately after AT 2. They were instructed to take
::3,pe11¢ts sublingually every 8 hours for the next 3 days.

?Speqific tinés were givén'to each subject to correspond to

28
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the 8-hour dosing. The identical instfuctions were also
written on the pellet container that the subject took home.
The subjects were reminded of the potential side effects
outlined on the consent form and instructed to contact the
investigator immediately with any problems. The subjects
then rested for 20 minutes.

Group G functioned as the control group and was given a
placebo provided by Searle Pharmaceutical. The placebo was-
identical in appearance to that of the anti-inflammatory
tablets (Daypro). Subjects in this group were given 2
tablets following AT 2. One additional tablet was taken 12
hours later. Instructions were given to take 2 tablets
every 24 hours for 3 days: Precise times were given to each
subject which corresponded to 24, 48, and 72 hours from the
initial dose. The identical instructions were also written
on the tablet container that the subject took home. The
subjects were reminded of all potential side effects outined
on the consent form and instructed to contact the
investigator immediately with any problems. The subjects
then rested for 20 minutes in order to simulate the other
treatment period elépsed times. Each subject in Gfoups A,
E, F, and G were asked to bring the container of tablets,
ointments, or pellets to each follow-up session to confirm

compliance with the treatment method.
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Twenty minutes after the completion of AT 2, all
' dependent variables were reassessed in the same order with
careful adherence to previously stated conditions. This
reassessment was identified as AT 3. Consistancy was
maintained across groups by having each group wait the 20
minutes for reassessment to equate treatment times. Each
; subject reported back to the clinic at 24 (AT 4), 48 (AT 5),
“and 72 (AT 6) houfs posteccentric activity. The containers
of subjects in Groups A, E, F, and G were checked for
. “compliance. Any subject not following the protocol was
elimineted from the study. ROM, girth, volume, soreness
5'_1evel, and muscle function: of the non-writing upper
~extremity was reassessed in the order previously outlined.
:f;when necessary, markings for girth measurements were
‘1bderkened with the permanent marker for future
,identificetion. ‘Subjects were reminded to refrain from

‘ifutilizing any nodelities or medications and to minimize

'ftheir physical activity during data collection. Treatment
"schedules were also reviewed. All questions posed to the

F;investiqetor vere ensﬁered during follow-up sessions however

Cbinfornation was: not provided to the subjects regarding the
’utcone of the treetnent nethods.

Date collection concluded when all subjects signed a

steteuent of conplience for the respective intervention (see

: Appendix H) All conteiners were collected and inspected.
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Tubes of Arnica montana ointment were.weighed and recorded.
Subjects that failed to adhere to the methodology were
eliminated from the study and replaced to maintain equal

group size of 10 subjects per group.

Statistical Analysis

The statistical analysis was performed via Biomedical
Programs (Dixon, 1990). A 7 x 6 ANOVA with repeated
measures over time was performed on the dependent variables
of active and passive ROM, girth, volumetry, VAS, MSI,
isometric force, concentric and eécentrié total work,
concentric and eccentric average peak torque, and concentric
and eccentric angle of peak torque data. Newman-Keuls post-
hoc tests were used to détermine where significant
differences occurred between and within groups (p<.05).
One-factor ANOVAs were also performed on the differences
between AT 3 and AT 4, AT 4 and AT 5, and AT 5 and AT 6 for

all dependent variables (p<.05).

Results
All the subjects rated their muscle soreness level as a
3 or greater (0 to 10 scale) in the pilot study and |
progressed to the data collection phase. The raw data for
the 70 subjects are listed in Appendix I. The means and
standard deviations for each of the dependent variables were
calculated. A 7 x 6 ANOVA with repeated measures on time

was used to analyze each of the 15 dependent variables (see
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Appendix J). Newman-Keuls post-hoc tests (see Appendix K)
were performed when the main effects were statistically
significant (p<.05). In the interest of clarity, the
results of this study are presented for each dependent
variable in the following order. First, the main effects of
treatment and assessment time are presented. When the main
effects were statistically significant, the results of the
post-hoc analysis were displayed. No interactions between
treatments and assessment times were revealed. One-factor
.ANOVAs were also performed (see Appendix L) on the
differences between AT 3 and AT 4, AT 4 and AT 5, and AT 5

~ and AT 6 for all dependent variables (p<.05).

ROM

Active ROM measurement data for wrist flexion were not
'Vsignificantly different among treatment nethoﬁs (see Table 1
- and'Figure 3). The F value for the assessment times was
vrrstqtisﬁically significant (F = 10.66, p<.00) but no 2 groups
were significantly different at the p<.05 level in the post-
'whécrdnalygis. Active ROM measurements for wrist extension
?'wéré‘nbt signi:icantly different aﬁong treatments but there
f}wété,Signi:icaht differences among assessment times. AT 1
i}wéé §featér‘than'AT.2, AT 3, AT 4, and AT 5. AT 2 was less

ithhnfaqu, AT 5, and AT 6. AT 3 was also less than AT 6

(see Table Z and Figure 4).



Table 1.

Active Wrist Flexion Means

and Standard Deviations for Treatments

and Time

Time

Treatment AT 1 AT 2 AT 3 AT 4 AT 5 AT 6

NSAID 74.20+ 6.76 68.65% 7.70 70.65+ 6.74 67.45¢ 7.93 66.35% 6.46 68.80:+ 7.57
Ergometer 74.15% 8.14 72.85% 5.82 73.05+ 6.64 70.25% 7.41 70.45%+ 5.78 73.20+ 7.38
Ice 74.90$12.94 74.85% 8.71 72.85% 8.36 67.30£11.58 72.35312.26 76.10411.85
Stretch 75.55410.16 70.60+13.73 76.05+12.84 75.25%+ 9.67 73.50411.06 74.35+ 8.93
Ointment 76.95¢ 7.17 70.15: 8.47 73.35% 7.58 67.80+11.74 70.70% 9.92 72.60%+ 8.76
Pellets 76.05+ 3.74 71.20+ 9.36 73.35+ 8.65 71.60% 7.60 69.70f 9.19 69.75+ 9.76
Placebo 75.55% 7.15 72.20$£10.98 74.05%+ 8.80 71.40+ 6.41 70.50+ 5.95 72.80: 5.58
Grand Mean 75.34% 2.95 71.49% 5.90 73;341 4.69 70.15+ 8.50 70.51t 6.58 72.51% 7.39

Note.

All values are expressed in degrees.

€€



34

UOTXSTJd 3ISTAIM SATIOY °£ danbtg
LT TR
91V Slv riv A A\ J L1V

vesiy puei ——
0qeoeid ——
NN -
Wounwo ——
YIRS —¥—

99 --¥-
spwobiy-e—|
QIVSN—e—




35

‘g9axbop ul pessoxdxa axe gantea TIY “IIOR

96°L FTV VL 22°8 ¥96°2L 9%°6 ¥89°0L Z6°8 FES'L9 66°9 FLYP'€9 TZ'S ¥F6£°6L UPIN puead
¥6°6 ¥OV-LL SL'8 F09°SL €L°6 FSL'PL 61°8 ¥ST°0L 6Z2°8 ¥55°%9 L6°8 ¥55°6L ogeadetld
wvwv FOoT"LL 20°S ¥06°%L 62°Vv F¥S6'TL TO"8 ¥09°89 6% TTI¥SB'S9 65°S ¥09°18 839114
2e's ¥06°sL mwuw FGLEL ¥6°9 Fov-ZL LZ"6 ¥09°89 ﬁm.vﬂﬂmm.ow‘ 99°'s ¥0T°18 JUSWIUTO
$6°0TF0T"2L €9°01¥0Z2°69 BT OTFSB°S9 89°ZTIFSL V9 00°9T¥S52°S9 ¥HZ O0TFOT 9L Yyo3laxais
06°'8 ¥66°vL €£8°9 FSTI"SL %56 ¥09°2L wrumﬁﬁom.bw EE"ETFOS'¥V9 ST'S F06°8L @01
L9°9 ¥58°0L €9°S ¥58°89 €6°8 F06°99 96°9 FST°29 ¥S°6 ¥sp'6S TS'L FoT°6L xo3°wobag
89°L ¥09°2L vv"9 FOE'€L wm.b F0E°0L 60°t ¥G9°0L 0S°S ¥sB €9 1TT'9 ¥Oov 6L QHﬂmz.

9 1LV S IV ¥ IV € IV ¢ ¥ T ¥ Jusauwleal]

awT]

QWTL pue sjusawWleal], IO0J SUOTILTAICT PILPURIS pPUR SURIW UOTSUDIXHT ISTIM SATIOY

‘z oTqeL



36

UOTSUa3XF ISTIH PATIOY b 3anb1a
ouny

91V Slv ey eV tly biv

UeOW pues) ——
ogadeld —+—

99 d —0—
JUSUNO —~Re—
PRAS ——

[ S
Joewolsy .-
QIVSN ~o—




37

Passive ROM measurements for wrist flexion (see Table 3
and Figure 5) and extension (see Table 4 and Figure 6) were
not significantly different among treatments. The F values
for the assessment times were significantly different in the
ANOVA for both passive flexion and extension (F = 9.65,
p<.00; F = 13.10, p<.00) but none of the differences among
the means were greater than the critical value of the post-

hoc test at the p<.05 level.

Edema

Forearm girth (see Table 5 and Figure 7) and limb
volume (see Table 6 and Figure 8) were not significantly
different among treatments but were significantly different
among assessment times. AT 2 was greater than AT 1, AT 3,
AT 4, AT 5, and AT 6 for forearm girth and 1limb volume. The
Pearson product moment correlation coefficients were ~.98
and -.95 for forearm girth and muscle soreness and limb

volume and muscle soreness, respectively.

Muscle Soreness
The VAS data were not significantly different among

treatments but were significantly different among assessment
times. AT 1 was greater than AT 2, AT 3, AT 4, and AT 5 and
AT 2 was less than AT 3, AT 4, AT 5, and AT 6 for Qll
treatment groups (see Table 7 and Figure 9). The MSI data

were not significantly different among treatments.



Tab1e3 :',Pa‘s“siwr':e Wrist Flexion Means

and Standard Deviations for Tfeatments and Time

f:j  - Time
Treat;ment AT 1 AT 2 AT 3 AT 4 AT 5 AT 6

”‘héﬁib”‘ ' 81;301 5.12 76.40+ 4.74 78.70+ 5.10 75.10+ 6.24 74.30% 7.18 75.30% 6.15
:_ﬂé{gém‘eter 82.00+ 6.90 81.90: 6.15 B80.30%+ 6.02 79.30+ 6.62 77.85: 6.82 80.30% 7.04
: 1;¢ 83;20112.54 81.50+ 9.58 83.20£10.33 79.90+10.90 80.00:13.28 84.00+11.12

”h Sﬁ:étch ‘81.70110.31 79.90+11.96 84.20112;51 82.50+10.65 81.80+10.12 82.90% 9.29
“bint@ént 82.60% 7.12 .79.75£11.48 80.80% 7.05 75.604£13.75 78.70+10.41 78.60+£12.21
w;.,?ellets 83.30% 4.08 78.90410.56 81.70+ 8.25 78.50+ 7.56 78.50+ 9.63 77.40£10.07
‘PiacébO‘ 84.00+ 8.04 83;001 7.21 82.00t 6.55 81.50+ 5.60 79.60f 3.53 80.50+ 5.46
:‘_Graﬁd Mean.«82.59¢ 2.85 80.31% 6.96 B81.56+ 5.37 78.91% 8.14 78.68%+ 6.79 79.86% 8.90

‘ ‘Note. All values are expressed in degrees.
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. Tabl ?“5‘.1~-‘Fo'1:"e‘ér|‘||“Gii‘t‘:‘h Means and Standard Deviations for Treatments and Time

Time

Grand Mean

f §réQ§@¢nt AT 1 AT 3 AT 3 AT 4 AT 5 AT 6
~5ﬁ§§ipf‘ 143.41416.10 147.25:16.56 145.05:16.10 144.95:15.91 144.61:16.09 144.70:16.43
f{giébmgéer" 135.96119.58 ‘137.82150.13 136.31$i9.72 136.67:19.99 136.10419.50 131.96419.14
  i¢é 131.27$19.00 132.63:19.90 131.31:19.35 132.04418.52 131.33318.42 131.06418.63
S£:é£qh 154.991;5.02 136.47414.71 135.87:15.14 135.60415.75 135.45:15.79 135.28415.61
Hbi@fﬁent | 138.79417.96 140.77419.34 138.94117.70 139.45:18.60 138.82:18.50 139.07+18.30
‘Pélleté ‘_134.13;13.44 137.06£14.52 135.23:14.18 134.91313.78 135.46413.83 135.09:13.97
Placebo  135.50$24.67 137.86:25.08 136.20424.94 136.40424.54 136.19:25.13 136.27424.99
136.29+11.29 138.55¢13.27 136.98412.33 137.14411.98 136.85:11.92 136.27+13.47

a1l

values are expressed in centimeters.
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VolumeMeanaandStandardDev:.at:.ons for Treatlﬁent‘s and Time
S v Time

‘Treat AT 1 AT 2 AT 3 AT 4 AT 5 AT 6

u#?in ‘*i;§§a£307‘ ,1,5541329 1,910+334 1,900+312 1,888+324  1,8984+327

_g;§§ﬁ§£$?l 1;&59:575 ‘1,7571417 1,693£373  1,7094409 - 1,667:401  1,691:380
jﬁ;tég ,4 | 1,6651381 1,6664395  1,6104367 1,629:384  1,623:384  1,612:379
F'fsfiét?hf‘ | 1,6511303 1,709+314 1,665;232 1,650+258 1,644+245 1,649:254
;.fqigﬁﬁégﬁ‘ 1,768+406  1,835:438  1,801#424 1,7861426 1,7863421  1,7861411
fﬁé@iléﬁﬁ.' ‘1;5551259 '1,7251271 1,679+266 1,660+254 1,675:261 1,663£251
‘f‘pi§é¢5¢‘ | 1;?35;545" 1,7944574 1,7461554¢ 1,7294540 1,732$521  1,7541543
~~icfah&;y§an“i,713¢252 1,7781280 1,730£293  1,7241277 1,717:274 1,7224288

" nq_f.g 'A11 values are expressed in milliliters.
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. VASMeans and ‘Standard Deviations for Treatments and Time

o : Time

.ooAT1 AT 2 AT 3 AT 4 AT 5 AT 6
3b;ddipﬁoo .3143.10  3.0742.03 .8041.77 2.32$1.49 1.29:0.68
o;ootbfoo 3.2142.58 2.3531.88 .7242.68 2.0531.96 . 0.991.09
d;boto.oo _ ;67¥2.55 1.9142.25 .1942.91 2.0442.12 1.17+2.05
’f*sﬁ?é;ch‘» o}odio.oo .0642.57 2.9812;15 .9231.52 1.9442.69 0.5230.71
’;*6intw§§;‘ 0.00£0.00 .474£2.68  1.77£0.99 .86+1.66  3.60:2.53  1.7041.25
~fupé11e£§"' 0.00£0.00 .4442.39  2.65£1.83 .5941.62 2.3531.34 1.4331.23
“piaéebo ‘ o.do;o.oo .5842.54 2.2741.56 .8241.55 1.7131.31  0.9331.72
”éxénd‘ugan' 0.6010.00 .9742.03  2.4331.46 .56+1.48 2.29:1.81 1.15:1.12

Note. All values are expressed in centimeters.
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thq F value for the assessment times were significantly

‘igferent (F = 10.89, p<.00) but the differences among the

qeahs in the post-hoc analysis were not greater than the

ritical value at the p<.05 level (see Table 8 and Figure

d), The Pearson product moment correlation coefficients
ége -.98 and ~.99 for active wrist flexion and muscle
tgnass and active wrist extension and muscle soreness,

oipactively.

F; Isonetric force data of the wrist extensors were not
fignificantly different among treatments but were
fignificantly different along assessment times. AT 1 was
natcr than AT 2 and AT 3. AT 2-was less than AT 4, AT S,

and AT 6 and AT 3 was less than AT 6 (see Table 9 and Figure
_ Total conc.ntrie uork production data of the wrist.
xtonlora unrc not signiticantly different among troatl.nts
hut i-ro signiticantly diftoront among allcll-ont times. AT
greater tnan A‘I‘ 2 and AT 3. AT 2 was less than AT 5
AT sr'and‘m' 3 was also less than AT 6 (see Table 10 and

12),x Tbtal occontric uork dnta porfor-ad by the

§on1y. Tr.atnont gtoupc vnro not

t rthan A'l' 2, AT 3, A'.l' 4, AT S, and AT 6,
i’;than;h‘l' 4, A'.l' 5, and A'I' 6. AT 3 was
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Isometric Wrist Extension Means and Standard Deviations for Treatments and Time

Table 9.
Time

Treatment AT 1 AT 2 AT 3 AT 4 AT 5 AT 6
NSAID 31.65¢ 8.43  24.00+ 6.07 26.50% 5.69 28.25% 5.94 31.10% 7.14 31.30% 6.60
Ergometer 27.85% 8.56 22.301 4.94 21.80+ 5.00 25.25+ 6.76 25.60+ 7.75 27.85+ 7.46
Ice 24.40+ 5.34 19.95: 7.03 19.75% 5.94 23.80% 5.65 22.85% 4.09 25.70% 7.10
Stretch 25.90+ 7.53 22.20+ 8.69 22.95¢+ 7.11 24.45%+ 9.28 25.204£11.43 28.50311.18
Ointment 34.40¢+ 9.93 23.801 7.26 26.05¢ 7.25 31.05¢ 9.25 29.55+10.13 32.50t 9.84
Pellets 25.60t 4.06 21.40144.99 22.30% 4.30 25.20+ 5.07 25.35¢+ 5.94 28.05+ 4.79
Placebo 30.65+14.12 19.60+ 7.48 24.75$10.03 28.80+12.42 27.35311.92 28.70%11.92
Grand Mean 28.64310.80 21.89+ 5.02 23.441 7.15 26.84+ 7.70 26.71% 8.20 28.94+ 6.65

Note. All values are expressed in pounds.

1s
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Table 10.

Concentric Total

Work

Means and Standard Deviations for Treatments and Time

Time

Treatment AT 1 AT 2 AT 3 AT 4 AT 5§ AT 6

NSAID 19.5043.10 12.20+4.15 12.70+4.32 16.10+4.06 18.10+4.45 17.401+4.19
Ergometer 15.80+8.52 10.601+4.32 11.40£3.53 13.30+£5.22 13.50+£6.91 14.80¢5.82
Ice 14.20+8.44 9.50+3.47 9.901+4.48 11.40+7.04 11.40+5.39 13.00+6.44
Stretch 14.9047.17 11.2045.88 10.70+5.01  14.40+5.42 14.70$5.98 14.9046.10
Ointment 19.30£6.25 13.10:3.60 14.8015.59 16.10+5.66 17.904+5.60 19.60+6.88
Pellets 15.5044.30 12.30:2.90 12.5044.06 14.10+3.81 15.0016.84 16.3045.79
Placebo 18.50+7.80 10.803+4.77 13.4016.97 15.60+8.16 17.10+8.10 16.601+6.78
Grand Mean 49 11.3933.58 12.20$4.89 14.43315.00 15.39:17.24 16.0946.21

16.8116.

Note. All values are expressed in foot-pounds.
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also less than AT 6 (see Table 11 andVFigure 13). Average
peak torque data for concentric wrist extension were
significantly different among assessment times only. AT 1
was greater than AT 2 and AT 2 was less than AT 6 (see Table
12 and Figure 14). Average peak torque data for eccentric
wrist extension were significantly different among
assessment times only. AT 1 was greater than AT 2, AT 3, AT
4, and AT 5. AT 2 and AT 3 were less than AT 4, AT 5, and
AT 6 (see Table 13 and Figure 15). In addition, eccentric
peak torque was greater than concentric peak torque for all
treatment groups at all assessment times. Peak torque angle
data for concentric (see Table 14 and Figure 16) and
eccentric (see Table 15 and Figure 17) wrist extension were
not significantly different among treatments. The peak
torque angle data for eccentric wrist extension were not
significantly different among treatments. The F values were
significantly different for assessment times (F = 3.65,
p<.00; F = 7.93, p<.00) but the means were not greater than_
the critical value of the post-hoc analysis at the p<.0S

level.

Discussion
Since the precise pathology of DOMS is unknown,
determining an appropriate course of treatment is difficult.
Previous researchers (Buroker & Schwane, 1989; Ciccone et

al., 1991; Denegar at al., 1989; Donnelly et al., 1990;



able ‘11

Eé';:éxit_z'ic, ‘Total Work Means and Standard Deviations fox Treatments and Time

. Time
AT 1 AT 2 AT 3 AT 4 AT 5 AT 6

,_.27;oo¢’a.2o ' 12.10+ 4.81 13.30+ 5.03 21.403% 7.18 22.90%+ 6.90 22.10t+ 6.08
2d;zot12.bs 16.201‘5.59 12.20+ 6.40 = 15.10¢ 6.90 15.104 8.39 17.60% 9.51

?ﬂ;§§    :19;90111.65 8.70+ 4.24 11.20+ 6.56 14.00: 8.66 14.00% 6.81 15.7: 7.54
 i§;?égch 20.50$12.12 10.10% 9.12 11.80% 8.39 17.20410.28 17.10110.71‘ 16.90£10.67
s?éinéﬁgng' 26.804 9.70 13.90% 4.95 16.00% 5.61 17.20% 8.27 20.00% 6.27 22.60¢ 9.10
fjpgiiété  zz;oot 7.03 11.90+ 2.96 13.80+ 5.88 16.20% 6.98 17.00£10.68 17.804£10.35
"Piééeho 24.60+ 9.92 11.80% 8.39 14.éot 8.09 17.60: 8.92 19.30+ 9.85 20.40+ 8.18
: Grand Mean 23.00: 9.80 11.243 4.99 13.27¢ 4.94 17.06+ 6.88 17.91% 8.93  19.01: 7.86

‘Nete. All values are exp?essed in foot-pounds.

9%
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Time

AT 3

AT 4

AT 5

AT 6

 aaosz.08s
3.9052.330
t f%;§b£i;9§§f“
“‘s;spgé;§j3_3;
43012089
 4.80s3.988

. 4.6441.800

3.6041.075

3.20$1.032

2.9040.875
3.30£2.110
3.8041.032

3.6040.843

3.0041.247

3.3420.984

3.6021.264

3.80+1.316

2.9041.370

3.1041.792

4‘3011-598

4.0041.633

4.00+1.763

3.67£1.490

4.5041.269

3.6011.646

3.1042.183

4.0042.108
4.50+1.509
4.00+1.414

4.1042.024

3.97+1.451

4.601+1.173
3.80£1.751
3.20+£1.398
4.3041.767
4.90+1.449
4.10:+1.663
4.4041.897

4.19+1.634

.80+1.229
.4041.577
.80+1.686
.40+1.776
.30£2.057
.50+£1.509 °
.80+1.751

.57£1.360

 ( :L=;j‘All‘va1ue§ aré‘éxpreséed in f°6t~pounds,
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AT 3 AT 4 AT 5 AT 6

3.90:1.286 6.1041.523  6.30£1.636  6.10$1.197
3.80$41.988  3.8031.751  4.70:2.162 ~ 4.90$2.331  5.402.412

©3.2021.032  3.40%1.577 4.40$2.170  4.20:1.751  4.80%2.250

6.10£2.923 3.6042.170 = 3.70+2.162 5.30$2.451 5.10:2.558  4.8042.250

 7.7042.540 4.40£1.577  4.80£1.619 5.20$1.988 5.90%1.523  6.9042.183
' 6.60$2.011 4.2040.788  4.60$1.776 5.00:1.699  5.20:2.974  5.60:2.412
. 7.00$2.538 4.1042.424  4.50£1.900 5.70$2.496 6.00$2.562  5.90$2.079

6.6442.124 3.9131.200 4.10$1.549 5.2041.690 5.37:2.150 5.64+2.183

mg ; All valuee é:g, ‘_jexp‘::e‘ss"ed :i.n foot-pounds.



61

anb1ol jead OTIUL0OT *GT 9INDTJ

91V g1V vV g1V Zav bV
" " " ' €

ueay puel ——
oqadeld —+—

ueUQUID —N—
yens ——
Jepewobiy -8
QIVSN—o—

$punod-3004



ncentric Peak Torque Means and Standard Deviations for Treatments

S Time
‘AT 2 AT 3 AT 4 AT 5 AT 6
7k i§7;§f;3;§a?  28;6119.;7 33.4125.99 33.2$425.25 30.9517.31 31.8419.48
’?¥ :f21.é¥2;;86 ‘fésgs;;s.éo 33.3117.62  30.0$19.29 33.6123.21  29.2$26.57
“3o.i;1a;aa;t 13}3157;27 37;3115.65 39.4417.19 34.2415.04 35.5312.95
7i{ia@5124.56 ; 29;2124@51 30.8£18.09 30.6+21.60 35.2421.55 34.1+20.27
f‘ :¢;s¢i9;5§'  3§;6ti8;09 36.9413.46  33.6:15.21 29.7:23.22  27.4125.44
‘ .22.5¥17;65 17.0$23.33  23.2419.80 25.5:22.52 29.5:19.60 25.2:18.26
 _25.5;12;51‘ 25.0421.81 26.6:19.21  35.3310.49  32.0:15.33  26.8+18.01
124{§§12.12 25.73417.92 31.6115.26 32.5:$12.87 32.2¢ 6.57 30.0:11.76

uQ_tg All values are expressed in degreés.
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ce Wriﬁ“ﬁéékfio:québneans and Standard Deviations for Treatments

S : ‘ Time

AT 2 AT 3 AT 4 AT S AT 6
 ‘ 9§§f§f;§;4s', -21.9411.90 -18.2414.50 -17.4$13.14 -16.7+ B.69
‘~§i4:§;;ifgi'L-zé;iiis.la -19.3321.75. -21.7:¢24.58  -18.3319.49  -18.7416.45
;' ‘f;q}§§1§,21 37.6410.75 -25.6:14.69 -21.1417.99 -14.2412.07  -14.2421.83
‘ 7'L ;2o;9;ii.5é’ -27.9414.83  -25.1#15.56  -17.0415.93 -21.2#13.66  -21.9:12.99
" };§;;;11.4§“-19]3114.95 -12.9:19.93  -14.1417.72 -20.7% 9.60  -16.4312.59
;419.6; 7.56 -23.0418.56 -21.922.17 -17.4417.62 -21.5415.52  -18.4% 5.92
 -17.1412.08 -25.9417.55 -22.8417.48 -22.9416.30 -21.7:15.94  -16.9:17.41
L 17.3% 9.36 -26.8416.45 -21.4212.56 -18.95 9.11  -19.3 8.18  -17.6 7.03

values are expressed in degrees.
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'5Donne11y et al., 1988; Francis & Hoobler, 1987; Hasson et

al., 1989; Hasson et al., 1995; Hasson et al., 1990; Hasson
et al., 1992; High et al., 1989; Hill & Richardson, 1989;
X Janssen et al., 1983; Kuipers et al., 1985; Yackzan et al.,
l'1984) have attempted to prevent and treat the various
;‘sxnptoms of DOMS. Based on previous studies and basic
: bhysiology, the 6 treatment techniques were selected and
'Vconpered to a placebo (control) to investigate their
i'influence on the symptoms of DOMS. The purpose of the study
l;wes to.eveluete the efficacy of 6 treetnent methods in
‘;Vabetinq the symptoms of DOMS and in restoring muscle
ijfunction.

The method selected for inducing DOMS was deemed

l;successful since the'dete for all of the dependent variables

_differed from AT 1 to AT 2. Nine of the 15 dependent
fuerlebles were significantly different pre (AT 1) and
,posteccentric (AT 2) activity. Once: DOMS was induced, none

iof the treetnents were found to: significently influence ROM,
ema, muscle soreness, or nuscle function. However, there

ﬂwere neny noteuorthy responses to the treetnent techniques.

) VActivi wrist flexion followed a siniler recovery

'ft ,beseline for all treetnent groups (see
eidecreese in ective ROH following the

xercise is consistent with the results of Ciccone
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et al. (1991), Francis and Hoobler (1987), and Yackzan et
al. (1984). Wrist flexion in all of the groups increased
from AT 2 to AT 3 except the ice group which decreased in
ROM. Lehmann and Delateur (1990) attributed an increase in
collagen stiffness to the application of cold. Therefore,
the ice massage of the wrist extensors resulted in &
decrease in active wrist flexion. The greatest decrease in
active wrist flexion occurred in AT 4 for all groups except
the group treated with static stretching. The prolonged
stretch to the forearm extensor ﬁuscles was apparently
effective in maintaining active wrist flexion for at least
72 hours. After AT 5, tpe ROM measurements progressed
toward preexercise levels, however the ice group was the
only treatment group to return to baseline by AT 6.

Active wrist extension measurements were remarkably
similar for all of the treatment groups (see Figure 4).
Surprisingly, the placebo group recovered as well as the
various treatment groups but none of the ROM measurements
returned to baseline values by AT 6. The lack of a
significance difference among the treatment groups suggests
that the recovery of active wrist extension was not
influenced by any of the treatments administered.

Passive wrist flexion decreased in all groups from AT 1
to AT 2 (see Figure 5). ROM increased from AT 2 to AT 3 for
all groups except the ergometer and placebo groups. An

additional decrease in passive wrist flexion was noted from



;1}AT 4 to AT S5 in all groups except the Arnica montana

" ointment group. Passive wrist flexion in all groups

' increased from AT 5 to AT 6 except in the Arnica montana

'fpellets group. The ice and stretching groups were the only

‘treatment groups to surpass their baseline ROM measurements
. by AT 6.
o Passive wrist extension decreased in all groups from AT
1 to AT 2 (see Figure 6). Passive wrist extension further

?Q*decreased from AT 2 to AT 3 in all groups except the upper

5 extremity ergometer group who’s extension data increased in

':5RQH. The ‘path in which the treatment groups returned to
-baseline (AT 4 to AT 6) was similar for all groups except
’fpr theVNSAID and stretching groups but the differences were

“not significant.

_ The'measurenents of forearm girth and limb volume data
”resulted ina similar course of recovery after the eccentric
nascle activity ‘to the return to baseline measurements (see
fFigures 7 ‘and 8). The significant: increase in girth and

,volune revealed iaaediately after the exercise was probably.

‘result of increased blood flow to'the exercising muscles,

;"aetabolic response. Increased pressure during the

aeccentric auscle activity can result in an increased

veaentbof intravascular fluid into the interstitial spaces

,thin the'e rcised auscle fibers (Buroker & Schwane,

68
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1989). However, neither forearm girth or limb volume
significantly increased from AT 3 to AT 6. Theories by
Friden et al. (1986), Friden et al. (1981), and Hasson et
al. (1989) associate the pain of DOMS to the edema within
the exercised muscle fibers. However, Buroker and Schwane
argued against the hypothesis that pain neurons were
phyéically distorted by edema. Their conclusion was based
on the observation that girth measurements of eccentrically
exercised limbs were not increased at any postexercise
assessment time. The inverse relationship (i.e., negative
correlation) supports the conclusions of Buroker and Schwane
and Hill and Richardson (1989). The lack of significant
edema reduction in the uppér extremity ergometer group may
be attributed to the failure of the high velocity concentric
contractions (upper extremity ergometér) to influence the
symptoms of DOMS. The muscle pumping action of the upper
extremity ergometer did not significantly reduce forearm
girth or limb volume. The velocity selected for treatment
was similar to that of Hasson et al., but there were several
parameters in the present study that differed. In the‘
present study, 10 minutes of upper extremity ergometry was
performed for a total of 600 submaximal contractions with
the upper extremities immediately after the eccentric muscle

activity. Hasson et al. utilized 120 maximal contractions



70
'_with the lower extremities, 24 hours after the eccentric
-bout. Any or all of these parameters could have influenced

- the results of the 2 studies.

Muscle Soreness
The VAS data were significantly greater in AT 2 than AT

1 and a significant decrease occurred in AT 3 for all groups

(see Figure 9). The VAS data for the NSAID, stretching,
VAxnigg_mgnsgng pellets, and placebo groups decreased from AT
7'3 to AT 4 while the upper extremity ergometer and Arnica
g montana ointment VAS data increased during this interval.
ifell VAS data decreased from AT 4 to AT 6 with the exception
{ of the Arnica montana ointment group who’s data increased
igfrom AT 4 to AT 5. No treatment method appeared to be

‘effeetive in abating DOMS, including the placebo group. - As
" in the results of Yackzan et al. (1984), the present data
f.rQVealeQ e'negative correlation between muscle soreness and

“?eetive”Rbu. This indicates that an increase in muscle

Zsoreness in the wrist extensors was associated with a
gdecreaee in wrist ROM.
HSI deta increased for all groups after the exercise

Lbout except the NSAID tteatment group. The path in which

the HSI data returned to baseline was similar from AT 2 to
;Am 3 for a11 groups except the ice treatment group (see
,ieure 10). The index for - the ice group. decreased
muediat;qu;qllqwinq; t;‘eatn}ent‘. This was attributed to the



7 71
anesthetic effect of the 20-minute ice massage. The
application of a cold modalityrdepresses the excitability of
the free nerve endings and peripheral nerves which'increases -
the pain threshold and decrease pain (Haines, 1967). The
MSI data for the ice massage group notably increased from AT
3 to AT 4. This marked increase pay have been due to a
coﬁpensatory response of the earlier anesthetic effect and
indicates that the ice massage provided relief from acute
muscle soreness but ﬁas not effective in abating DOMS.

These results correspond to the results of Yackzan et al.
(1984). Recovery from AT 4 to AT 6 was similar for all
treatmént groups. By AT 6 all of the treatment groups
remained helow baseline vglues, while the placebo group was

notably greater than baselina.

Muscle Function

Isometric wrist extension force data for all treatment
groups followed a similar recovery pattern towardsibasgline
measurements after DOMS was induced (see Figure 11). Force
development decreased in all of the groups immediately afté:
the exercise bout (i.e., from AT 1 to AT 2). This r53ponsé
is consistent with acute muscle soreness and with thé
findings of Francis and Hoobler (1987), Hasson et al. _
(1989), Hasson et al. (1990), and Hasson et al. (1992). ThékE
decrease in force development by the upper extfenity

ergometer group at AT 3 may be attributed to fatigue caﬁsed"~
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Jﬂ by the cycling activity. The ice group also generated less

‘force after treatment. These findings correspond to the

= research by Fox (1961) who revealed a transient decrease in
"V',strenqth‘ with cold application. Force development increased
if;in ellrgroups from AT 3 to AT 4. A decrease in force
si;geperation,was noted from AT 4 to AT 5 in all groups except
kfthe.NSAID and stretching treatment groups. Theee results

'denonstrate a- - recovery from acute muscle soreness by 24

;houre (AT 4) .and the onset of the delayed soreness by 48
7§Ours (AT 5). Force generation again increased from AT 5 to
AT 6. Although not statistically significant, all treatment

jéroups reCovered'to a higher percentage of baseline than the

;placebo‘group.
The total concentric work produced by the wrist

gextensors decreased significantly for all groups after the

feccentric muscle act;vity (see Figure 12). Total work

"ntofA'r 4 A’I‘ 5 and AT 6. Onl_y_ the NSAID and

The recovery

ception of: th ‘NSAIg,tren;!egt group, ~For
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reasons unknown to this investigator, the NSAID group
displayed an increase in work that was notably greater than
any other group from AT 3 to AT 4. From AT 4 to AT 5, the
upward slopes of the recovery patterns for all traatment
groups were similar. While other groups c¢ontinued to
i;\\prove,. the NSAID group decreased in AT 6. All groups
recovered Lo a level ¢f 79 to 87% of baseline by AT 6. 7The
recovery of the concentric and eccentric total work appeared
to parallel one another. -

The peak concentric torque generated after the
eccentric muscle activity was significantly reduced in all
groups (see Figure 14). The recovery pattern of concentric
force followed 1 of 2 codrses. The NSAID and stretching
treatment groups progressed similarly while the upper
extremity ergometer, ice, Arnica montana ointment, Arnica
npontana pellets, and placebo treatment groups followed
similar recovery patterns. The peak concentric torgque data
in AT 6 was significantly greater than AT 2 but repreésentead
a similar percent of baseline (AT 1) for all treatment
groups. Furthermore, peak concentric torque generatéd was
less than the peak eccentric torque generated for all
treatment groupz at all assessment times. Edman, Elzinga,
and Noble (1978) demonstrated that the force qapacityrof
skeletal muscle is greatest in the eccentric mode. The
increase in torqgue generation in eccentric muscle activity

is primarily of chemomechanical origin. Oxygen consumption
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F“i is much lower during eccentric exercise than in comparable
:;cOncentric exercise and the mechanical efficiency of

eccentric exercise may be several times higher than that of

.- concentric exercise (Asmussen, 1952). The economy
f, aseociated with eccentric activity is in part due to the

. development of tension without the normal requirement of

'lsplitting adenosine triphosphate or creatine phosphate

(Curtin, Svensson, & Davies, 1970).

Peak eccentric torque recovery data were very similar

to that of the peak concentric torQue data (see Figure 15).

The NSAID, stretch, and placebo treatment groups progressed
'through a l1ke course of recovery while the upper extremity
:ergoneter, 1ce, A:niga_ngn;gna ointment, and A:niga_mgn;gng
:pellets treatnent qroups paralleled one another. The torque
:ieneratedrat‘AT.sfwas;between 79 and 90% of baseline values

'for althreatnent'groups. This long—recovery tine (72

fhours) suggestslthat the repair of the contractile elements,
',coplasnic reticulun, -and/or connective tissue is a slow

fproceel (CIarkson‘& Tre-blay, 1988).e A common denoninator

i 7the rv overy ot nuscle functlon was the poor perfornance
y reatment ¢ ‘The inflanmatory process has

o begin within several hours after a tissue

l uch‘tine that the aigna and ay-ptols appear
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\
has been shown to be ineffective (Donnelly et al., 1988;

Hasson et al., 1992; Janssen et al., 1983; Kuipers et al.,
1985). Early intervention with a prophylactic NSAID was
studied by Hasson et al. (1990) and found to be effective in
reducing the symptoms of DOMS. Hasson et al. administered
400 mg of ibuprofen 3 times per day. Whereas this
investigator examined the effect of a load dose of 1,800 mg
and daily doses of 1,200 mg of oxaprozin. Perhaps the
inflammatory process is a necessary component of the healing
process and interference in this process impairs the
recovery of muscle function. NSAIDs administered in greater
dosage may in fact impede the production of myofibrillar
protein (Hasson et al., i992).

The lack of significant difference in muscle recovery
for the Arnica montana groups (ointment and pellets) may
also be related to the inflammatory process. The components
of the A:nigg_mgn;gng compound are beliéved to be analgesic,
antibiotic, and antiinflammatory in nature (Castro, 1991;
Duke, 1985). Tveiten et al. (1991) administered 5 pellets
of Arnica montapa twice daily to marathon runners. -They
found a significant reduction iﬁ stiffness ratings on a VAS
for the group treated prophylactically with Arnica montana
but reported no change in muscle function. Armstrong.eﬁ al.
(1983) utilized animals to demonstrate that the tissue
damage induced by eccentric exercise may not follow the

normal inflammatory sequence. If the eccentrically induced
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Vrinflannatory process is also altered in humans, the lack of

,finprovement in ROM and muscle function with both the NSAID
:‘and A;nigg_ngn;ana treatments could be explained.
fVConverseiy, the preparations of Arnica montana in this study
Vrnay_not have been effective because they were too dilute.
:101cer studies with higher concentrations of this medication

',and‘European research still recommend it’s use for DOMS. No

,,recent double-blind studies with higher known composition of
ilAznign_nnntana used for DOMS appear in the literature

' reviewed.

' Thegengle of peak concentric torque development was
entrenely variable between treatment groups and across time
(seeirigurelio). The‘prinary emphasis of this study was on
eccentric-muscle activity. The pilot phase, the exercise
protocol, and a11 assesspments involved eccentric activity.
;LThere were only 3 maximal concentric contractions per

assessnent period.~ This was not an-adequate nunber of

repetitions to produce a 1earning effect. Therefore,

,ificityiof training may have played a role in the

variabi'ity of the perfornance of the concentric muscle
» of peak eccentric torque developnent

Eccentric peak

Z-iable (seerrigure 17).

: This indicates that the peak torque

Each subject had completed

\ to a 1earning effect.
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over 225 eccentric muscle contractions at that point and
could then "catch" the isokinetic machine earlier in the
eccentric phase. By AT 3 the peak eccentric torque was
occurring later in the ROM and could be related to fatigue.
In the attempt to generate a maximal contraction, the
muscles will increase the number of fibers recruited to
maintain or increase force development. The increased fiber
recruitment is time consuming and could have delayed peak
torque generation. The lack of consistancy from AT 3 to AT
6 is difficult to interpret. Biomechanics is an important
component of muscle force generation. However, the
deviation in the force arm lengti: for wrist extension
appears to be limited by csnnective tissue and the ROM in

the wrist was restricted.

Decisi the Hypott

1. There were no significant differences in
active or passive wrist flexion or extension among the
treatment groups after DOHS.was induced. Hypothesis 1 was
not rejected. N

2. There were no significant differences in forearm
girth or limb volume among the treatment groups after DOHS
was induced. Hypothesis 3 was not rejected.

3. There were no significant differences ih muscle 7
soreness among the treatment groups after DOMS was. induced.

Hypothesis 5 was not rejected.
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4. .There were no significant differences in muscle
':function.anong the treatment groups after DOMS was induced.
;uﬂypothesis;7 was not rejected.

5. There was a significant difference in the signs and

- symptoms of DOMS for all treatment effects across time.

Conclusion

Eccentric activities are an important component of

‘physical conditioning and everyday activities. DOMS can

.result from: strenuous eccentric tasks and can be a limiting

,feqtor in motor perfornnnce for several days after exercise.
Afnethodfof treetnent for DOMS would enhance athletic
performence and- hasten the’ return to ADLs. The purpose of
-this study wes to identify a treatnent method which could

ist in the recovery of DOMS. ‘In. the selection of

reatment methods, emphasis was directed towards treatments

at could be rendered independently by an individual,
itherefore naking the treatnent veluable to an athletic
raine or physical therapist in treatlent of 1 person or-an

’us other nodelities are availeble ‘such
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Recommendations for Further Study

The topic of DOMS clearly lends itself to further
investigation. Areas that may be persued include:

1. Examination of repeated ice massage, static
stretching, or rhythmic concentric contractions on ROM,
egema, soreness, and muscle function. '

2. Examination of the influence of other treatment
methods, including combinations of modalities, on the
symptoms of DOMS.

3. Examination of different dosages of NSAID, Arnica
montana ointment, and/or Arnica montana pellets on the
symptoms of DOMS.
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PART 2

REVIEW OF LITERATURE

Muscle soreness is a common occurrence following
irunaccuetoned physical activity. Muscle soreness has been
“.-differentiated into "acute" and "delayed onset" secondary to
T'the time in which soreness appears. Acute muscle soreness
g_edcurs during the final stages of fetiguinq activity and has
;fheen attributed to ischemia (Dorpat & Holmes, 1955) and the

'faccumulatien,of'netapolie waste products (Friden et al.,

1983; Talag, 1973). DOMS occurs after oxercise has been
rcompleted.  DOMS increases in intensity in the first 24
;hours postexercise, peake from 24 to 48 hours and then
;subsides within 5 to 7 days poetexercise (Abraham, 1977;
1Arnstrong, 1984, Talag). DOMS _presents with a decrease in

lexibility, a decrease in maximal voluntary force

'roduction (Asluseen, 1956. Koni & Viitaealo, 1977; Talag;

1-1983- Houqh, 1902). v Dous has been shown

tivities suc ae deecending etairs and lowerinq

Ath ti” participation delands
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eccentric muscle activity for limb deceleration when
throwing a ball or for control in lowering a barbell. DOMS,
by virtue of the signs and symptoms, may impair function 24
to 48 hours posteccentric muscle activity. This may alter
one’s ability or willingness to perforn therapeutic
exercises or continue training (Francis & Hoobler, 19é7). A
means of reducing DOMS without compromising the intensity of
the activity would restore muscle function and allow '
resumption of daily activities or athletic participation.

Presently, there are no preveﬁtative strategies for
DOMS. Numerous investigators have attempted to demonstrate
treatments for DOMS (Abrapam, 1977; Buroker & Schwane, 1989;
Denegar et al., 1989; Hasson et al., 1989; Headley et al.,
1986; Hill & Richardson, 1989; Janssen et al., 1983; Yackzan
et al., 1984). However, none of the studies reviewed
addressed all of the signs and symptoms of DOMS. The
majority of the studies involved assessment of pain level
(Abraham; Hasson et al.; Headley et al.; Hill & Richardson:
Janssen et al.; Yackzan et al.), but minimal attentiqn has
been given to muscle function. Methodology problems were
also identified (Abraham, 1979; Buroker & Schwane; McGlynn
et al., 1979). The purpose of this study was to evalﬁgte
the effect of several clinical treatments for DOMS on éain
level, flexibility, strength, and limb girth/volume.
Identification of an effective treatment could hasten the

return to maximal function.
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DOMS Theories
The etiology of DOMS has been addressed by many
researchers (Abraham, 1977:; Armstrong et al., 1983;

- Asmussen, 1956; deVries, 1961; Friden, 1984; Hough, 1902;
Howell et al., 1985; Newham, Jones, et al., 1983; Watrous et
ai., 1981). §Six theories have been proposed.

The lactic acid theory was based on the assumption that

- accentric muscle activity continued to produce lactic acid
even after the exercise ceased (Asmussen, 1956). Schwane et

:‘ei. (1981) and Wetrous et al. (1981) studied blood lactic

i'acid concentrationrafter level and downhill running. Lactic

1;acidAoonoentretion~in the level running group showed a

iimerked'increeee:postexerciee~but no muscle soreness was

%eiperienced. Whereas, the downhill running group did not

ldelonetrate an increase in lactic acid levels but

ﬂexperienced significant muscle soreness: postexercise. Peak

flactic acid concentration did not correspond to. DOMS
e(Schwene et al., Watrous et al.).

] The nueclefspasn theory related the presence of nusole

: i h ierand pain (deVries, 1961). Unipolar
1ectronyogr phies (IHG) were utilized to denonstrate an

@ . in restingiactivity in the muscles that were

ically ectivitied nuscles (deVries)., Subeequent
' : 'ler techniquelldecreesed ertifact)
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failed to substantiate this previously noted increase
in EMG activity (Abraham, 1979).

The torn tissue theory places emphasis on a disruption
of the contractile components. Numerous investigators,
dating back to Hough (1902), have identified the z-lines as
the "weak link" in the contractile apparatus (Friden et al.,
1981). The 2z-~-lines are the narrowest and weakest in the IIb
fibers (Newham, McPhail, et al., 1983). Eccentric muscle
activity preferentially recruits IIb fibers and "streaming"
of the z-lines of the IIb fibers pésteccentric activity has
been revealed (Friden, 1984; Newham, McPhail et al.).
Muscle biopsies present the appearance of the actin and
myosin fibers being pulled apart (Newham, McPhail et al.).

The connective tissue theory focuses on the SEE of the
muscle. - The site of the tenderness is fregquently at the
distal third of the muscle and extends into the muscle-
tendon junction (Ffiden et al., 1986). The oblique
orientation of the muscle fibers at their insertions may
make them more suspectible to mechanical trauma (Newhanm,
Mills, et al., 1983). The presence of OHP after eccentric
muscle activity confirmed the breakdown of connective tissue
(Abraham, 1977). Maximal levels of OHP occurred 48 hours
postexercise which was consistent with the peak of DOMS
(Abraham). ’

The enzyme efflux theory was based on the belief that

various collagén and protein metabolites are released into
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the'extracellular spaces (Armstrong, 1984). The intensity
and duration of the eccentric muscle activity may have
influenced the membrane permeability and the amount of fiber
degeneration; CPK levels markedly increased posteccentric
muscle activity, however, the time of the peak levels of CPK
were variable and did not always correspond with the time of

7 peak DOMS (Schwane et al., 1981). Substances such as
calcium have been found to damage the muscle when in direct
contact. Calcium has been reported to activate proteases

'~ and phospholipases to cause protein'degradation (Friden et
“al., 1983) but the administration of a calcium antagonist

-.such as Verapamil, has faiied to significantly‘decrease DOMS
(Lane et al., 1986). The accumulation of histamine, kinins,

]"and potassium in the interstitium have also been suspected

ijof contributing to DOMS (Armstrong).

'1 : The possibility of a substance establishing a diffusion

i’gradient for fluid movement was proposed by Stauber et al.

f¢(1990). If fluid moves across the cell membrane and into

:fhé.extracelluiar spaces, edema would result. Eccentric

muscle activity has been known to be associated with a "mini
fghparﬁﬁent éyndrome"‘(ﬂowell et al., 1985). Tissue fluid

préséﬁga,héslbeen reported to be greater with eccentric than

éhcéntfic,nuscie activity but the time course of the edema
6tth§£ of DOHSThgs-been contradictory (Hough, 1902; Howell

t al.; Talag, 1973).
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No single theory has been identified as the sole cause
of DOMS. However, there is overwhelming evidence against
the lactic acid theory (Schwane et al., 1981; Watrous et '
al., 1981). Attempts to reproduce studies by deVries (1961)
~ to support the muscle spasm theory have failed. Both the
~torn tissue and connective tissue theories have been widely
- accepted as contributing to DOMS (Abraham, 1977; Armstrong,
1 1984; Friden, 1984; Hough, 1902; Newham, McPhail et al.,
.1983). - A single substance has not been directly correlated
~with the enzyme efflux theory but tﬁe rationale is
' consistent with that of the tissue fluid theory (Armstrong,
: 1984;.Howell et al., 1985; Stauber et al., 1990). The
'ipotenfial exists for the cause of DOMS to be a combination

i of these theories.

- Ireatment
Dqsp@te the fact that the pathophysiological mechanisms
fiof Dbus remains unresolved, a number of treatment techniques
tfhave been suggested. ‘The. goal of treatment is to restore
f}naxilal function of ‘the eccentrically activated muscles as

; r°Pid1y1as possible.

The use ot anti-intla-latory nedication to address
'exercise-induced nyalgia has been attelpted (Donnelly et
: '1990; Donnelly at al., 1988. Hasson et al., 1992;

Headley e :al., 1986. Janssen et al.; 1983. Kuipers et al.,
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1985; Politino et al., 1984). NSAIDs are inhibitors of
several steps along the arachidonic acid pathway of
prostaglandin synthesis (Searle, 1993). One of the modes of
action is to inhibit prostaglandin synthesis at the site of
inflammation (Searle). The influence of a prostaglandin-
iqhibiting drug (flurbiprofen) was studied by Kuipers et al.
Subjects were given either a placebo or flurbiprofen (50 mg,
3 times/day) 1 day prior to exercise and 3 days after
exercise. A baseline muscle biopsy of the vastus lateralis
muscle, levels of lactate dehydrogénase, asparatate
aminotransferase, alanine amino transferase, phosphohexose
isomerase, and creatine phosphokinase were assessed and
flurbiprofen concentration was determined prior to exercise.
A bicycle ergometer was adapted for eccentric muscle
activity for 6 male subjects to perform a 30-minute
concentric cycling bout (60 RPM, 80% maximal oxygen
consumption) in Stage I and a 30-minute eccentric bout (60
RPM, 80% maximal oxygen consumption) in Stages II and III.
The stages were spaced 3 weeks apgrt. Immediately
postexercise and at 24 hours, the biopsy and blood sample
was repeated. Subjects also rated the muscle soreness on a
5-point rating scale based on both soreness on palpation and
soreness with physical activity. At 48 hours postexercise,
the soreness rating and blood analysis was again performed.
At 72 hours, only the soreness rating was obtained. No

muscle soreness was reported by subjééts after the first
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series of concentric muscle activity, but all subjects
experienced soreness and stiffness after the eccentric
bouts. All subjects foﬁnd the muscle soreness to be most
pronounced at 48 hours posteccentric muscle activity. The
- soreness reporteo in the second eccentric bout was
significantly less than that of the first eccentric bout.

' This suggests the possibility of a training effect from the

- first exercise bout. The authors discussed a possible
adaptation at the neuromuscular level which increased

. coordination. This long-laStinq.prophylactic effect on
nmuscle soreneso has been shown to occur with repeated bouts
.up'to 6 weeks apart (Byrnes et al., 1985). Authors have
suggested that damage to‘otress-susceptible nuscle fibers

i during the -initial eccentric exercise bout stimulates the

;{dogonoration-regohoration of fewer'stress-susceptible fibers

}5whon the exercise bout is repeated (Armstrong et al., 1983;

ZFGrilby & Saltin, 1983). Neither the concentric nor the

‘*eooent:ic oxeroigo,bouts'fesulted in a oignificant increase

Soin biaonafconcoﬁtrationrot nusclo'ethies over control
ivaluos. This 1lp11os that thoro was not a change in

sarcolo-nal pornoability following 30 minutes of eccentric

‘nuscle activity.; Only minor changes,in muscle fibers were

'notod on histologioal oxalination.,'conttoirnucloi were

.found in both placebo and tlurbiprofen groups. No signs of

>;tory'rosponao was tound in either the

c :t1*ca11y or'occentrically oxorcisod groups.



Therefore, flurbiprofen did not influence the subjective
symptoms of DOMS or alter histological findings even though
the plasma concentrations of the drug were in the
therapeutic range.

Donnelly et al. (1988) examined the effects of
diclofenac (NSAID) on DOMS and other indices of tissue
damage. Twenty male subjects took 50 milligrams of
diclofenac or a placebo before and every 8 hours after an
eccentric exercise bout for 72 hours. The exercise
consisted of 2 periods of 45 minuteé of downhill running
which were separated by a 10-week interval. Blood samples
were obtained immediately before, immediately after, and at
6, 24, 48, and 72 hours after each run. Soreness was
evaluated via a questionnaire, a VAS, and a soreness
punctate technique. Although 3 of the serum enzymes
revealed significantly smaller increases aftér the second
exercisebbout, no differences among diclofenac and placebo
groups for any of the biochemical parameters were indicated.
The response of total muscle soreness did not differ ‘
significantly between the 2 periods of the study, but some
individual soreness measurements were significantly lower‘in
the first bout of exercise. Therefore, diclofenac was not
effective in reducing DOMS. The reason diclofenac decreased
muscle soreness in the first eccentric bout but not in the
second eccentric bout is unclear. It was suggested thaf an

interaction between diclofenac and the "repeated bout
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reffsct“ may have occurred (Donnelly et al.). Evans et al.

" (1986) concluded that since prostaglandins are involved in
“muscle protein synthesis then inhibition of their effects
would prevent/slow muscle repair and use of NSAIDS to
decrease DOMS may make the muscles suscepgible to further
dasags. Therefore, the repeated bout effect could
significantly influence a repeated measures research design
bsnd should be taken into consideration.

Ibuptotsh, an anti-inflammatory drug which interferes
with the metabolism of arachidonic acid by inhibiting the
'snzfns cyclooxygenase was studied by Donnelly et al. (1990)
" and Hasson et al. (1993). Donnelly et al. examined the
~fsfts¢ts'of»ibuprofsn on muscle soreness, muscle weakness,
i7ondrchsngssfin serum snzyns'aqtivity on 40 male subjects.
Ina oross;ovsr dssign; subjects took 1,200 mg of ibuprofen
j:or'plscsoo 30 minutes before a 45-minute downhill run and
fosbo‘ng?svsry-s hosrsffor up to-72 hours. Before and after -
'Qesch‘downhill run snd‘at 6, 24, 48, and 72 hours after each
{'run, suscls soreness was rated on a VAS, a soreness punctsts
;ltest was. psrforlsd at 3 sitss, ssxi-sl knee sxtsnsion
‘lsosstrio forco wss assssssd, and blood sanplss vere
'sithdrswn to- snslyzs crsatins kinass (CK), lactate
'dshydroqsnass (LD), sspartats transslinass (AST),

,crsstinins, and uroa lsvels. Ovsrsll nuscls sorsnsss was

“”d‘to incr' ss siqniticsntly sttsr osch dounhill ‘run

.howsvsr noiFiftorsncsruss found bstvsen ths troatssnt 7
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groups. Maximal isometric contractions declined to 10%
below baseline measurements with the maximum decline at 24
hours after exercise. All blood levels increased after the
downhill runs with the maximum levels of LD, creatinine, and
urea at 6 hours and CK and AST at 24 hours. All enzymes
levels after the second run were significantly lower than
the first run. Surprisingly, serum CK and serum urea levels
were significantly higher in the ibuprofen group then the
placebo group. Donnelly et al. concluded that DOMS was not
effectively reduced by an 8,400-mg‘dose of ibuprofen.
However, Hasson et al. found ibuprofen to be effective in
reducing DOMS with a notably lower dose. Hasson et al.
developed 4 treatment groups with 5 subjects in each group.
Group 1 (prophylactic) received 400 mg of ibuprofen 4 hours
prior to exercise, 400 mg every 8 hours for 24 hours after
exercise, and a placebo for the remainder of the study.
Group 2 (therapeutic) received a placebo for the first 24
hours and then 400 mg of ibuprofen every 8 hours. Group 3
(placebo) received a placebo throughout the entire study and
Group 4 (control) received no treatment. Concentric and
eccentric peak torque (PT) of the knee extensors at 60
degrees per second and maximal isometric knee extension
force (MVC) at 60 degrees of extension were obtained on the
Lido isokinetic dynamometer. Muscle soreness via a soreness
punctate test and CK levels were evaluated prior to a 10-

minute step test. Follow-up assessments were made at 24 and
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48 hours after exercise. All groups experienced the
greatest muscle soreness at 24 hours but the prophylactic
:ibuprofen group was significantly less sore than the other
groups. Muscle soreness was also significantly lower for
1the prophylactic and therapeutic groups than the placebo and
control groups at 48 hours. Muscle performance (MVC,
cehcentric PT, and eccentric PT) declined significantly for
all groups at 24 hours as compared to baseline values.
However, the prophylactic group demonstrated a significantly
lower decline in MVC than all other groups. Concentric and
eccentric PT were significantly lower at 48 hours compared
Vwith baseline values but the prophylactic and therapeutic
'grcups revealed a smaller decline than the placebo and
control groups. - No differences were reportedpbetween groups
~in CK at ‘baseline, 24, or 48 hours. These results indicated
that’bcthrprophylactic,enc therapeutic administration of
‘ihuprofeniwas‘effective in decreasinq-DOHs and improving
;uusclekperferuence. - The investigetcrs compared the times of
ithe crug:ediinistration (3o'ninutes'verses 4 hours prior to
:euercise).u The purpose ‘of- the prophylactic treetlent was to
{reduce the 1n£1elnatory response which could decrease muscle
fedene and intraluscular pressure and thereby decrease DOMS.
iThe prophylactic group denonstrated a reduction in DOMS at
;hoth;24 and 48 hours but the drug shculd have been totelly

telininated fron;the body by 48 hours.: However, direct

:iianmetiop and plaslsn'evels of 1bupro£en were
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not obtained to address this issue. Therapeutic
administration of ibuprofen was very effective in decreasing
DOMS and improving muscle performance at 48 hours. This
effect was partially attributed to an analgesic influence of
the drug.

_ Francis and Hoobler (1987) appeared to follow a similar
logic as Donnelly et al. (1990) and Hasson et al. (1993)
when they theorized that since histamine, bradykinin, and
prostaglandins contribute to the inflammatory process and
respond to aspirin, then aspirin should influence DOMS.
Francis and Hoobler divided 20 females into 2 groups of 10
subjects each. One group served as a control by receiving a
placebo and the other group received 4 grains of aspirin 4
times per day beginning 4 hours prior to exercise.

Dependent variables included a muscle soreness rating on a
Likert scale, elbow extension ROM, and elboﬁ flexor peak
torque at 60 and 180 degrees per second. These variable§
vwere assessed prior to the eccentric exercise protocol and
at 24, 48, and 72 hours postexercise. The soreness scores
of the 2 groups were not significantly different at 24 hours
but were significantly less for the aspirin group at 48
hours. Although both groups experienced a marked reductibn
in elbow extension at 24 and 48 hours, the aspirin group
exhibited a 46 to 52% lower decrease than the control group.
Maximal elbow flexor peak torque at 60 and 180 degreesqper
second did not prove to be significantly different between
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. groups at 24 or 48 hours. The researchers sited the work of
f: Armstrong et al. (1983) to assist in explaining the obtained
;} results. Armstrong et al. noted that in animals with
g; exercise-induced injury, the normal inflammatory sequence
éf was not followed. This may explain the improvement in
T"',‘r’;'-b.musc::le soreness and ROM with the aspirin treatment without
»;fan improvement in muscle function.
- Application of a 10% TSC was studied by Hill and
;”_Richardson (1989). The 34 subjects (22 male, 12 female)
f;:performed 5 days of upper extremity exercises (3 sets of 20
f,‘repetitions at 80% of 1 repetition maximum (RM)). Fourteen
;Eqraus of analgesic cream was applied 4 times per day for 12
;fdays. Arm circumference; plasma creatine phosphate level,
?fand soreness rating were measured daily. The former 2
"gneusurenents were similar for the control ano the treatment
;qroups, but the latter value was significantly reduced in
?the ‘treatment group. The means by which TSC aided in
fdecreasing the level of soreness was not addressed.

Ciccone et al. (1991) studied the effects of Tsc with

iand1u1thoutsu1trasound.on DOMS. Muscle soreness was
?eiiciteo in tﬁefelbou fleXors via 3 sets of 10 repetitions
trl-RH for a- concentric contraction. Forty subjects were
ssigned to 1 of 4 treatnent groups. Group 1 received sham

ltrasoundrwith a: placebo crean, Group 2 received sham

1tresound'w1th 10% Tsc, Group 3 received ultrasound with
‘ ' nd Group 4 received ultrasound with 10% TSC
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as the coupling medium. A VAS was used to assess muscle
soreness and active elbow ROM was recorded immediately after
exercise. The ultrasound treatment was administered for S
minutes at 1.5 watts per centimeter squared using a
frequency of 1 megahertz (MHz) and a 10-square centimeter
sgund head. Intensity was modified based on the subject’s
clinical characteristics. Measurements were reassessed and
subjects were given the same assigned treatment at 24 and 48
hours after exercise. At 72 hours, only VAS and ROM were
assessed, no treatment was given. The results failed to
reveal significant differences among the treated and
untreated arms in Groups 1, 2, and 4. Group 3 experienced
an increase in DOMS, as measured by the VAS. Elbow ROM was
significantly reduced following exercise and continued to
decrease on day 2 and 5 in Groups 1, 2, and 3. The ROM of
the treated arm in Group 4 did not decrease until day 3 and
ROM returned to baseline by day 4. The authors concluded
that DOMS was enhanced by ultrasound and that the 10% TSC
may have offset the response in Group 4. However, TSC alone
did not positively influence DOMS. It is possible tﬁat the
ultrasound treatment was influential in increasing the depth
of penetration of the 10% TSC, but measures of this factor
were not available.

The effects of pulsed ultrasound on DOMS was examined
by Hasson et al. (1990). In this investigation, DOMS was

induced through a stepping exercise: The subjects used the



right lower extremity for the concentric phase and the left
lovwer extremity for the eccentric phase. The bench height
was 110% of the length of the lower leg. The subjects
carried an additional load of 10% of body weight and
performed the exercise for 10 minutes at a frequency of 15

cycles per minute. At 24 hours postexercise, measurements

of maximal knee extension torque and knee extension total

work were cbtained on the Omnitron dynamometer. Maximal
voluntary isometric knee force was evaluated cn the Cybex II
isokinetic dynamometer (Lumex Incofporated, Ronkonkoma, NY)
with the knee flexed to 60 degrees. Muscle soreness was
assessed using a soreness punctate test. The sites tested
were defined by a polyurethane sheet marked with a grid of
2-centimeter squares. The probe was utilized to apply a
gradually increasing force to produce discomfort. The
inverse of the amount of force applied was cﬁlled the MSP.

: Afterithése measurements, the 18 untrained subjects were
assigned to 1 of 3 groups. Group A was treated with pulsed
Vﬁltrasound at a 1:4 on:off ratio at 0.8 watts per square
éentineter using a frequency of 1.0 MHz. Group B received
shan tltrasouhd'and Group C served as the control by
receiving no treatment. After 48 hours, the subjects were
,'rgassassed for muscle performance and muscle soreness. The
“'results revealed no significant difference between groups
fbr:ﬁsr at 24'h6urs, but Group A MSP was significantly lower
;;han;thaf of Groﬁh B or C. MVC, muséle torque, and total

95
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muscle work were all significantly less than baseline values
at 24 hours. Following therapeutic intervention, the muscle
performance of Group A improved significantly more than
Groups B and C. The authors theorized that pulsed
ultrasound may be instrumental in providing mechanical
oscillation of the tissue and fluid streaming within the
mﬁscle compartment(s) to alter the vascular permeability and
ultimately decrease the pressure gradient across the
myomysium. The assessment of lower extremity volume or
circumferential measurements were not available but may have
provided additional insight into this theory.

The effects of low frequency TENS on DOMS has been
examined (Denegar et al., 1989). Eight female subjects
participated in a study to assess the effective of TENS
treatment on DOMS, ROM, and serum cortisol concentration.
With attention given to diurnal variation, 2 5-milliliter
samples of venous blood were withdrawn prior to a TENS
treatment. A 30-minute treatment on the upper extremity
(electrodes at TH14, LI1l, LI13, LI1l4) at a pulse rate of 2
pulses per second (pps) and a pulse width of 300 |
milliseconds was administered. Blood samples were taken at
1, 20, and 40 minutes after TENS treatment. Five days after
the TENS treatment, ROM of the elbow was assessed and DOMS
was induced. The exercise program irvolved lowering a 25-
pound dumbbell from full elbow flexion to complete

extension. The subject continued until unable to control
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the weight, at which time the weight was reduced to 20
pounds. The process continued until the subject either
could not control a 5-pound weight or completed 40
repetitions. A second TENS treatment was administered 48
hours after the exercise bout. In addition, ROM, perceived
pair rating, and blood samples were obtained. Data analysis
reQealed a significant decrease in the level of perceived
pain and an increase in ROM but serum cortisol concentration
was not influenced. The results indicated that the
treatment effects were not due to a release of Beta-
endorphin (BEP) from the anterior pituitary. This did not
support TENS as an anti-inflammatory agent. The avthors did
not rule out BEP as an active agent in low frequency, long
pulse width TENS (Denegar et al.). They concluded that if
BEP was active in TENS-induced analgesia, the source was
probably within the brain since BEP does not easily cross
the blood-brain barrier (Berne & Levy, 1988; Denegar et
al.}).

Denegar and Perrin (1992) examined the effects of TENS
~with and without cold application and in conjunction with
static stretching. Baseline data for 40 female subjects
included elbow ROM and average concentric and eccentric
torque for the elbow flexors on the Kin-Com isokinetic
i*dyﬂanometer (Chattecx Corporation, Chattanocoga, TN). An
““exercise protocol previously known to induce DOMS was

iJCOmpleted. Forty-eight hours after the exercise, ROM,
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torque, and perceived pain level using a graphic pain rating
scale based on the descriptive scale by Talag (1973) was
assessed. Each subject was assigned to 1 of 5 treatment
groups: cold, TENS, cold and TENS, sham TENS, or control.
Each treatment lasted 20 minutes. The TENS parameters were
a pulse rate of 90 pps, a phase duration of 90 microseconds,
a continuous duty cycle, and an intensity below a visible
muscle twitch with bipolar electrode placement. The sham
TENS utilized a pulse rate of 2 pps, a phase duration of 20
microseconds, and an intensity of 110 milliamps. The duty
cycle was set at 99 seconds "“off" and 1 second "on." After
the treatment, the dependent variables were reassessed. All
subjects then completed a 30-second static stretch with a
30-second rest interval 4 times. ROM, torque, and pain
levels were assessed after stretching. At 48 hours
postexercise, ROM and muscle torque were dedreased. Groups
treated with cold, TENS, or the combination of cold and TENS
reported a lower level of perceived pain than those who
received sham TENS or no treatment. Static stretching
abated the preceived pain in all groups but subjects-in the
cold, TENS, and combination groups demonstrated greater
decreases in pain after stretching than the sham TENS or the
no treatment groups. Subjects in the cold and combination
groups revealed the greatest increases in elbow ROM. As
expected, stretching increased elbow extension ROM in all

groups. Decreases in average concentric and eccentric
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torque were not ameliorated by the tneatments or stretching.
Pain did not appear to coincide with muscle weakness.

Although DOMS is abated in 5 to 7 days after exercise,
strength may only return to 80% of normal in 2 weeks
(Newham, Jones, & Clarkson, 1987). These results indicate
2 that pain may not be an accurate marker of recovery from
- DOMS.

An interesting rationale was proposed by Hasson et al.

(1989) when studying the effects of high velocity concentric

- exercise on DOMS. Submaximal concentric muscle activity

‘does not produce tissue damage and has been shown to have a

nuch'lower“intranuscular pressure than eccentric muscle
ectivity (?riden5 1984; Staff, 1988). It ie a popular
belief that an effective method of muscle soreness
management is to "work it out” (Hasson et al.). The review
lof'tnerlitexature failed to reveal investigations using high
~velocity uueéie‘contractiens to treat DOMS. Hasson et al.
econcluded'thetrnigh'velecity voluntary nuscle contractions
ydecreeeed nous end ilproved luscle per!ornance when conpered
fto a’ centrol., Ten subjects underwent heseline evaluetions
{otinexinun_knee extension torque and totel knee extension

r] 'EtOInitron dyneno-eter and -axinal voluntary

7 f tne quadriceps nuscle on the CYhex II

isokinetic dyneloneter,\ Subjects then pertorned a 10-minute -
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etep test at a pench height of 110t of the length of the
lower leg. An additional load of 10% of body weight was
added via a weight belt. Muscle performance and muscle
soreness (via punctate technique) was reevaluated
immediately after the exercise bout and 24 hours
postexercise. The subjects were assigned to a treatment or
é control group. The treatment group performed 6 sets of 20
repetitions of concentric knee extension at 300 degfees pér
second. Subjects were reassessed at 48 hours. The results
of the punctate technigue to assess muscle soreness
indicated that the treatment group had significantly lower
levels of soreness than the nontreatment group at 48 hours
postexercise. All of the muscle performance measurements
for the eccentric limb were significantly lower than
baseline and the concentric limb at 24 hours. After 48
houre, the treatment group was significantly higher than the
control group for all muscle performance variables. Perhaps
the "muscle pumping action" of the high velocity concentric
activity assisted in decreasing muscle edema (Friden).
Therefore retarding the accumulation of large amounts of
fluid in the injured area, would decrease the fluid
compartment pressure and decrease pain (Hasson et al.).
Volumetric and/or circumferential limb measurements may have

provided additional insite to this theory.
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- Cryotherapy
| Cryotherapy has been considered effective in soft
Vtissue injury via its ability to decrease the circulatory
-response, inflammation, swelling, and intravascular pressure
| via sympathetic vasoconstriction (Beirman, 1955; Knight,
f 1976; Lehmann et al., 1974). Cold application depreéesses the
.excitability of the free nerve endings and peripheral nerve
3‘fibere, increasing the-pain threshold (Haines,'1967). Ice
' ‘massage has been reported to offer the greatest reduction in
:-intranuscular temperature at 2 centimeters deptﬁ in the
. first 5 minutes as compared to other forms of cryotherapy
- (Lowdon & Moore, 1975).7 Yackzan et al. (1984) conducted a
f,etudy to determine the optimal time of cold application.
~ They used 30 eebjeCts (10 per group) to compare the effects
i of a 15bninute'iee massage performed immediately
. ‘posteccentric muscle activity, 24 hours and 48 hours
;,ﬁoetexergiee.' An NK Table was used to perform eccentric
;felbdw flexien'with'the'nexiial amount of weight with which
:'io,eegehttieV:epetitione eould;pe completed. The weight was

theh'decreaeed byrs pounde and thelsubject performed the

eccentric nuecle activity until exhaustion. The'ﬁeight was
egein reduced by 5 pounde and the cycle continued until the
ueight litted wae 5 pounds. The exereiee resulted 1n a loeetfe

of*elbou nou '1th ‘the greeteet loee at 48 houre poetexerciee,r{
' ar A negetive correletion between pain and

elbow. Roniindiceted thet en increele 1n pain wee eeeociated ,:{
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with a decrease in ROM. However, the results of cryotherapy
on muscle soreness and joint ROM were inconsistent across
the 3 application times. Yackson et al. concluded that the
lack of consistent differences between the groups suggests
that cryotherapy alone is not effective in alleviating Dons.'

The effects of ice massage, ice massage with ayércise,
aﬁd exercise alone on DOMS was studied by Isabell et al.
(1992). 1In an attempt to address weaknesses in the study by
Yackzan et al. (1984), Isabell et al. utilized immediate and
repeated ice application. Pretest measurements included
isokinetic elbow flexion and extension on a Cybex II
isokinetic dynamometer, ROM via standard goniometry, serum
CK levels via blood analysis, and perceived soreness ratings
via the Talag scale. Muscle soreness was induced using 90%
of each subject’s 10-RM. Subjects performed 30 sets of up
to 10 repetitions with a l-minute rest period between sets.
The total exercise time was less than 45 minutes. The 22
subjects (11 male, 11 female) were randomly assigned to 1 of
4 treatment groups: ice massage, exefcise, ice massage with
exercise, and control. Each treatment lasted 15 ninﬁtes and
was administered at 0, 2, 4, 6, 24, 48, 72, and 96 hours
postexercise. The exercise group performed active ROM of
the elbow without resistance. Subjects exercised for 20
seconds and then rested for 40 seconds forra total of 15
ninutes. The ice massage with exercise group appligd the

ice massage during the 40-second rest period between active
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- ROM. Postexercise measurements of all variables were taken
at 2, 4, 6, 24, 72, 96, and 120 hours except CK was not
analysized at 96 hours. Although not statistically
significant, interesting trends in the results were noted.
-The ice group demonstrated the highest peak soreness levels
at rest, the highest serum CK levels, and the greatest
decrease in total ROM of all the groups. Whereas the
exercise group had the lowest peak soreness levels at rest,
the lowest serum CK levels, and the lowest decrease in total
ROM. A high correlation was noted between perceived
: soreness at work and perceived soreness at rest (r = .88).
VThe'authors interpretetion of this finding was that the
nechenisn(s) of the pain in the resting muscle may not be
'5isoleted;to contractile tiesue; Decreases in muscle force
-~ and Rou~oetween724 and 48 hours also corresponded with an
~increase in pain. ‘With respect to the patterns noted. in
1jthese results, Isabell at al. concluded that cold
: application nay edvereely affect the adeptetion and repeir
,;ot the tieeue reeponsible for the signe end synptons of
T?DOHS The duretion of the treetnent ley not heve been -long
:;enough to reduce the infle-netory responee (Beirlan, 1955;

iucneeter, 1977). Several euthors heve reco-uended a'minimum

uzo-ninute cold epplicetion';o ettectively reduce the :
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than 30 minutes, the "hunting response" results (Clark,
Hellon, & Lind, 1958). This is a reaction involving
alternating increases and decreases in blood flow to protect

the tissue from thermal injury.

Stretching

Various protocols for static stretching have been
proposed. Researchers have investigated the effects of
warm-up, preexercise (High et al., 1989), and postexercise
stretching (Abraham, 1977; Buroker & Schwane, 1989; deVries,
1961; McGlynn et al., 1979) to determine the influence on
DOMS. The results were as varied as the stretching
techniques. Static stretching ranged from 30 seconds to 2
minutes in duration and wefe repeated between 2 and 90 times
per day. An examination of the effects of stretéhing and
warm-up on DOMS was performed by High et al. Sixty-tﬁo
volunteers were assigned to 1 of 4 groups. Group 1
performed 2 sets of 5 (50-second) static quadriceps muscle
stretches. Group 2 performed a 10-minute stepping warm-up
using a 10-centimeter high bench. Group 3 performed a
stepping warm-up and the static gquadriceps muscle stretch.
Group 4 did not warm;up or stretch prisr to the step test.
After Groups 1, 3, and 4 completed a stepping program to
exhaustion, a 3-minute rest was permitted. The subjects
then repeated the stepping/rest cycle 3 additional times.

Subjects rated the level of muscle soreness on a ratio scale



105

of 0 to 6. Muscle soreness ratings were obtained every 24.
hours for the next 5 days. Results of this study indicated
that static stretching and/or warm-up before eccentric
nuscle activity did not significantly effect the perception
of DOMS. Buroker and Schwane examined the effects of
postexercise static stretching on DOMS, muscle force, serum
CK, and limb girth. Twenty-three subjects performed a 20-
minute step test at a step height of 110% of the lower limb
length.  Subjects were then assigned to 1 of 3 protocols.
Protaocol 1 called for no stretcning} Protacol 2 involved
7 stretching of the left eccentically exercised knee extensor
-muscles for 10 repetitions with a 30-second hold, and
: Protocol 3 involved: stretching hoth the left eccentrically
- exercised knee extensors and the right eccentrically
i,exerciSQd plantarflexors. Groups 2 and 3 stretched
ioimmodiately after the step test, at 2-hour intervals for the
ffitotfé4 ﬁoﬁ:s, and at 4-hour intervals for the following 48
_hours. The otretohing procedure was clearly described by
‘jthe investiqators. ‘The -muscle soreness assessment was
:;obtainod frol a 0 to 6 pain rating scale and a modified
1%sorenoss punctate lethod previously desorihod Girth

;:'neasurmnts w:li:h a’ Gul.‘l.ick anthropo-etric tape were taken
Zfof tho calt and thigh wlth the valuos sunlated. Venous
blood was salpled tor the analysis of serun cx activity, and :

1so' tric;torceswasineasured at 90 degrees of knee flexion

HQ&B\I!G“I“:S wero
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taken prior to the step test and before the stretching
sessions on days 1, 2, and 3. Muscle soreness, isometric
force, and CK activity did not significantly differ across
groups. The only significant changes in the limb girth were
revealed between the preexercise and postexercise values in
all groups. Therefore, postexercise static stretching did
‘not alleviate DOMS. Published studies in which the muscle
stretching techniques are standardized do not exist. A
recent study by Bandy and Irion (1994) involved dividing 57
subjects into 4 groups to compare the effect of 15 (Group
1), 30 (Group 2), and 60 (Group 3) seconds of static
hamstrings muscle stretching to a control (Group 4) group
that did not stretch. Subjects in Groups 1, 2, and 3
stretched the hamstrings muscle 5 times per week for 6
weeks. The results indicated that stretching for 30 and 60
seconds produced greater gains in ROM then stretching for 15
seconds or not at all. Bandy and Irion concluded that 15
seconds of stretching was no more effective than no
stretching, while only a minimal increase in flexibility of
the hamstrings muscles were gained by increasing thé
duration of the stretch from 30 to 60 seconds. No studies
have been performed on the duration of a single bout of
static stretching necessary to reach the plastic zone of
tissue elongation. A pilot study conducted by this'
investigator in 1993 revealed that a 1-time static'st:étch

of the hamstrings did not reach a plateau in elongation -
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Vunti.l at least 8 minutes, and in some cases 10 minutes.
Consequently, if long iasting soft tissue elongation is the
goal, a sustained 8 to 10 minute stretch should be

admini.stered.
Arnica montana

- Arnica montana is a member of the Compositae family and

is a long-established medicinal plant (Willuhn, 1972, 1991 ):

Anngg_m;gm is more commonly known as Mountain Daisy.

This perennial herb grows wild in alpine meadows. The
orange florets and opposite pair of leaves make the plant

- easily identifiable (Weiss, 1988). m;.g_g_mmg is
isvaxlable in ointments, sublingual pellets, and tinctures.
fThe plant is conmonly used in honeopathy for a wide range of
i,synptons. In 1982, Arnica montana was a component of 271
_preparations used for 33 different indications (Tyler, 1982:
;f':;'iiwillixhr;, ~~1991). These included analgesia, rheumatism, soft

ftiseue tteuga, muscle fatiqﬁe. inflammation, venous

"insutficiency;'infection, and'cardiac disorders (Castib,

..—'551991, lulluhn, 1991). 'I'he properties of mm were

1eeuseed by Der Herderosien {n. a. ) in an unpublished
lenuscript Ontitled: A_annnisqle_shnjisnl;_ﬂnﬂ

reportedrthat the tlouers o! axninn are helieved to- possess

nnunoatlnulant ptoperties.— The_essential oils, alpnu-
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bisabolol, and thymol, are believed to have anti-
inflammatory and anti-spasmodic properties. The presence of
hydrophilic flavonoids is believed to stimulate the
biosynthesis of prostaglandins while the lipophilic
flavonoids inhibit the biosynthesis of prostaglandins.
Hispiduline is believed to be involvéd in spasmolytic action
and sesquiterpene lactones are reported to be strong
inhibitors of edema. SeSquiterpenevlactones have been found
to influence the selectivity of the cell membrane and to be
effective in the destruction of gram positive bacteria (Der
Marderosian; Willuhn, 1991). A sesquiterpene lactone, like
helenaline, has also been reported to effect oxidative
phosphorylation, adenosine triphosphate, and migration of
lysosomes (Willuhn, 1991). Théreby linking hglenaline and
the inflammatory process. A strong positive correlation was
identified between membrane stabilization and the
inflammatory process (Willuhn, 1991).

Tveiten et al. (1991) examined the effect of 5 pellets
of Arnica montana taken 2 times per day for 5 days on 36 A
marathon runners. Blood tests were conducted imnediaﬁely
prior to the run, immediately after the run, and 48 and 72
hours after the run. The results revealed no significant
differences between the Arnica montana group and the control
group. Stiffness was measured with a VAS and was more

pronounced in the placebo group for all measurements.
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Muscle function was not evaluated but the authors commented
2 that the time of restitution did not vary between the
. groups.

Czygan et al. (1991) performed 2 studies with Arnica

montana on subjects with chronic venous insufficiency (cvI).
In the first study, 150 subjects were used to compare Arnica
.gh;ana to a placebo in the subjective measurement of pain
relief and the objective measurement of calf girth. Pain
relief was not'significantly different in either group but
the subjadts treated with Arnica montana experienced a
significant change in calf girth. 1In the second study, 60
subjects with CVI were treated with topical Arnica montana
with and without hydrotherapy. Venous capacity and venous
tonpliance were measured before and after treatment. The
;dependent measures in both groups improved following
treatment but the dependent measures in the combination
»group (a;nigg_.gntnna with hydrotherapy) were significantly
‘better than the single treatment group (p<.0l1). Czygan et
al. concludad that Arnica montana had a positive influence
‘on edema tbriation and theorized that venous tone increased
ia activation of the alpha-2 receptors in the venous walls.
Although A:nign_.gntgng is approved by the FDA, the
esaarch available is extra-ely limited (Castro, 1991;
zygan et al., 1991, Kowalchik & Hylton, 1987; Tveiten, et
1991. Willuhn, 1972, 1991)._ The widaspread
tnacodfnaaics of tha A:ni:a_lnn:lnn plant ‘should
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stimulate research relative to the effects of this herb.
Particular interest for sports medicine should be directed

towards the effects of standardized Arnica mcntana on soft

tissue trauma and inflammation.

Instrumentation

Researchers have employed various forms of eccentric
muscle activity to induce DOMS. Studies performed on the
lower extremities have utilized a banch stepping test
lasting 10 to 20 minutes (Buroker & Schwane, 1989; Hasson et
al., 1989; Hasson et al., 1993; Hasson et al., 1992; High et
al., 1989) and downhill running on a treadmill for 45
minutes (Donnelly et al., 1990; Donnelly et al., 1988).
Studies performed on the upéer extremities utilized
dumbbells (Ciccone et al., 1991; Denegar & Perrin, 1992;
Denegar et al., 1989; Hill & Richardson, 1989; Isabell et
al., 1992), Nautilis apparatus (Francis & Hoober, 1987), and
an NK Table (Yackzan et al., 1984). A regressive series of
eccentric muscle activity was performed in which subjects
lowered a weight that was equivalent to 1 concentric RM or
90% of 10 concentric RMs as many times as possible. The
weight was then reduced and another exercise set performed
with the new weight to the point of fatigue. This process
continued until there was no resistance or the subject could
not complete the activity. Thirty minutes of eccentric

muscle activity on an upper extremity ergometer was also
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utilized (Janssen et al., 1983; Kuipers et al., 1935). Aall
of these instruments and procedures were successful in
producing DOMS.

To examine the criterion measures of DOMS, researchers
(Buroker & Schwane, 1989; Ciccone et al., 1991; Denegar &
Perrin, 1992; Denegar et al., 1989; Donnelly et al., 1990;
Donﬁelly et al., 1988; Francis & Hoobef, 1987; Hasson et
al., 1989; Hasson et al., 1993; Hasson et al., 1990; Hasson
et al., 1992; High et al., 1989; Hill & Richardson, 1989;
Isabell et al., 1992; Janssen et al., 1983; Kuipers et al.,
1985; Yackzan et al., 1984) have utilized numerous types of

equipment.

ROM
Active and passive ROM have been universally evaluated
: with a standard goniometer (Ciccone et al., 1991; Denegar &
-Perrin, 1992; Denegar et al., 1989; Francis & Hoober, 1987;
:,IsabellAet al., 1992; Rothstein et al., 1983; Yackzan,
- 1984). Rothstein et al. reported the intratester
;;reliability of goniometric measurements to be between

= ,91 and r = .99,

The assessment of limb volume as a parameter of DOMS

has been sparsely a‘dressed in the literature. Studies by
Buroker and Schwane (1989) and ‘Hill and Richardson (1989)

ebexalined linb girth with a Gullick anthropometric tape
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and a cloth measuring tape, respectively. The Gullick
anthropometric tape is a cloth device with a spring loaded
tension gauge at the end of the tape. By pulling the tape
to the designated level of tension with each measurement,
the clinician is able to maintain a constant amount of
tension around the limb and on the tape (r = .99).

. An upper extremity volumeter is an open water filled
plethysmograph which is used to assess limb volume. Persson
et al. (1988) reported a high correlation (r = .97) between
volume displacement and circumferential measurements.
However, volumetry was not used in any of the studies

reviewed.

Muscle Soreness

Pain and muscle soreness are consistantly addressed in
all of the literature reviewed. Some researchers palpaﬁed
muscle soreness through a probe, others used various pain
scales, aﬁd some performed both methods. 1In 1949,
Steinbroker adapted a push-pull gauge attached to a number-l
black rubber laboratory cork which measured 1.5 centimeters
in diameter (cited in McCarty, Gatter, & Phelps, 1965).

This device was known as a "palpometer" and was used to
quantify articular tenderness. McCarty et al. developed a
similar instrument known as a "dolorimeter" that wés used in
the evaluation of anti-inflammatory therapy. The use of a

small 2-centimeter metal probe with a strain gauge
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'—instrument attached, was also used by Newham, Mills, et al.
(1983). The probe has been used to assess the intensity of
frthe muscle soreness (Buroker & Schwane, 1989; Donnelly et
“ al., 1990; Donnelly et al., 1988; Hasson et al., 1989;
rlnaseon et al., 1993; Hasson et al., 1990; Hasson et al.,
ﬁe1992: Newham, Mills, et al.). The inverse of the amount of
: force at each testing site is directly related to the amount
i»of—muscle soreness experienced. Although the perception of

?’pain or muscle serenees is very subjective, the soreness

probe technique provides a greater degree of objectivity
(Bu:oker & Schwane). Furthermore, muscle soreness scores
are most meaningful when the subject serves as his/her own

eent:olv(HcCQrty:etral.) Test-retest correlation was

reported ﬁo be r = .91 (Hasson et al.; 1993).

7 Various VAS have'also been used to'quantify muscle
soreness. These“included a Talag scale (Denegar et al.,
;989, High et al., 1989. Isabell et al., '1992; Yackzan et
a1., 1984), a Likert scale (Francis & Hoober, 1987), an 11-
point (0 to 10): scale (Donnelly et al.,. 1988; Donnelly et
»al;, 1990. Hill & Richardson, 1989), §fpoint (0 to 5)
cale (Ruipers'et~a1., 1985), and'ergreéhie,painkreting

cale (Deneqar & Perrin, 1992).,'A'vas'ie-i robust,
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researcher to make a meaningful statement about pain

reduction via a given percent (Price et al.).

Muscle Function

Information about the components of muscle function
have been obtained via a Cybex II isokinetic dynamometer by
Francis and Hoober (1987), Isabell et al. (1992), Hasson et
al. (1989), and Hasson et al. (1990). Hasson et al. (1992)
reported the reliability of the Cybex II isokinetic
dynamometer to be r = .94. The Lido isokinetic dynamometer
was used by Hasson et al. (1993) and Patterson and Spivey
(1992). The_maximum deviation in angular velocity was .02
degrees per second and the maximum difference between
observed aﬁd expected torqué was 4% (r = .98). The Kin-Com
isokinetic dynamometer has been used to assess concentric
and eccentric average torque (Denegar et al., 1992). The
test-retest reliabilities of the Kin-Com isokinetic
dynamometér exceeded r = .88 (Highgenboten, Jackson, &
Meske, 1988) and r = .94 (Trudelle-Jackson, 1989) for both
concentric and eccentric torque. The Omni-tron dynamometer
(Hydrafitness Industries, Belton, TX) was used to measure
muscle torque and total work (Hasson et al., 1989; Hasson et
al., 1990). The Omni-tron reliability was reported to be 7
r = .87 by Hasson et a2l. (1990). All of the dynamometers

discussed are highly sophisticated exercise and force
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' assessment devices. Each unit has been studied and found to
"Vbe,reliable but the data is not interchangable between

units.

Summary
The literature on the etiology of DOMS is plentiful but

the material addressing DOMS treatment is limited.

Methodology changes in the administration of various

clinical treatments could yield interesting results on the

signs and symptoms of DOMS. DOMS has been induced by

previous investigators with 150 to 400 eccentric repetitions
;“at various joint velocities (Buroker & Schwane, 1989;
;rDenegor & Perrin, 1992; Donnelly et al., 1990; Friden, 1984;

ﬁesson et al., 1989; Hasson~et al., 1990; High et al., 1989;
- Isabell et al., 1992). Low velocity eccentric muscle
; activity,has been identified as more fatiquing and less
;,injurions;than high velocity eccentric muscle activity (Komi
:;&“Viitasalo, 1977). Rest periods between exercise sets are

ﬂ;ilportent to essure that nuscle soreness is the limiting

ifactor in: perfornence and not circulatory or respiratory

;factors (Albert, 1991. Bonde-Peterson et al., 1972; Dean,

%19331., The purpose of this study was to investigate the
ftects of 6 treatnent protocols on the pere-eters of DOMS.
The treetlent -ethods included an NSAID (Daypro), hiqh

locity 'oncontric upper extrenity ergonetry, ice -essaqe,

ic -tr tch‘ g, enriz torns o! A:nigg_.gn:nng A seventh




nontreatment group receiving a placebo served as a control.
The dependent variables that were assessed for 72 hours
posteccentric muscle activity included forearm ROM, forearnm
girth, limb volume, muscle soreness, and muscle function. .
The identification of an effective treatment technigue to
prevent or abate the symptoms of DOMS would be very helpful
iﬁ restoring both the ability and the willingness of an

individual to return to activity.
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SUBJECT DEMOGRAPHIC DATA



Table A-1.

Subject Demographic Data

Subject Treatment Age Gender Height Weight
001 Ointment 31 Male 72.0 175
002 NSAID 21 Male 70.0 190
003 Ice 23 Female 64.0 138
004 Ergometer 35 Female 67.0 133
005 Ice 29 Female 64.0 180
006 Ointment 40 Male 76.0 250
007 Stretch 38 Female 62.0 154
008 Ergometer 21 Male 73.0 210
009 Ergometer 28 Female 64.0 120
010 Ice 23 Female 58.0 110
011 Ointment 34 Female 61.0 98
012 Ergometer 24 Male 72.0 215
013 Pellets 22 Female 62.5 140
014 Ice 27 Female 61.0 172

- 015 Placebo 28 Female 64.5 127
016 Ointment 33 . Male 72.0 225

017 Ice 22 Female 66.0 112

.-018 Stretch 31 Male 75.0 200

~.019 ‘Ergometer 28 Female 68.0 175

£020 'NSAID 34 Female 68.0 190
021 Stretch 31 Female 66.0 120

C ~'NSAID 21 Male 69.0 173

. 'Ointment 39 Male 67.0 128
Ice 34 Male 72.0 170

. 'Placebo 36 Female 66.5 135

~ NSAID, - 31 Male 74.0 250
. . Stretch 34 Female €8.0 240
.~ Placebo . 40 ~“Male 70.0 215
. Pellets 30" _Female 67.0 145
‘ointment - . 24 Male - 68:5 141
Stretch - 25 Female 63.0 127
‘21 .- Male 70.0 190

21 . Male - €9.0 220

40 Female ~ 62.0 175

21 - Male - . 68.0 145

e ‘Male . 75.0 200

140
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Table A-1.

Continued.

Subject Treatment Age Gender Height Weight
038 Ointment 24 Male . 68.0 190
039 Pellets 37 Male 67.0 170
040 Ice 35 Female 71.0 130
041 NSAID 38 Female €7.5 136
042 Ointment 25 Female 67.0 160
043 Stretch 34 Male 76.0 216
044 Ice 35 Female 66.5 187
045 Pellets 21 Female 69.0 130
046 Stretch 21 Female 65.0 120
047 Pellets 32 Male 69.0 164
048 Ice 23 Male 71.0 215
049 NSAID 35 Male 69.0 195
050 Ergometer 34 Female 67.0 138
051 Ointment 22 Male 70.0 143
052 Placebo 35 Female 61.0 119
053 Stretch 21 Male 74.0 175
054 Ointment 27 Female 68.0 175
055 Ergometer 24 Male 73.0 176
056 Pellets 28 Male 69.0 165
057 Placebo 29 Female 67.0 125
058 Stretch 34 Male 68.0 195
059 Placebo 21 Male 69.0 173
060 Pellets 25 Male 71.5 205
061 Ergometer 31 Male 73.0 210
062 Pellets 25 Male 71.0 135
063 Pellets 31 Female 62.0 145
064 Placebo 37 Male 71.0 220
065 Ergometer 32 Female 64.0 120
066 Placebo .31 Female 64.5 132
067 NSAID 24 Male 74.0 185
068 NSAID 22 Female 62.5 140
069 Ergometer 31 Male 71.0 168
070 NSAID 33 Female 65.0 205

Note. Age is expressed in years.
Height is expressed in inches.
Weight is expressed in pounds.
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Subject’s name:

Subject code: Date:

Title: The Effects of Various Treatment Techniques on
Delayed Onset Muscle Soreness

Investigators: Dawn T. Gulick - (215) 287-8774
Iris Kimura - (215) 204-8836

: This study will examine the
effectiveness of an anti-inflammatory medication, high
velocity muscle contractions, ice massage, static
stretching, and a homeopathic remedy on the symptoms of
delayed onset muscle soreness.

Bgsga;gh_pgsign; I understand that I am being asked to
participate in a research study at A.C.T. Physical Therapy
as partial fulfillment of a doctorate of philosophy degree
from Temple University. This study involves the completion
of a medical questionnaire and a practice exercise session.
I understand that if my preliminary evaluations qualify me
to participate in this research project, I will be assigned
an alphanumeric code for all data collected. All subsequent
information will be kept confidential and the only reference
to my data will be by this code. I understand that I will
attend a preliminary session for introduction to the
equipment and procedures used in the study. I will also be
asked to perform a trial bout of eccentric exercise. This
will require 15 sets of 15 maximal muscle contractions with
my wrist extensor muscles. I understand that nine (9) weeks
after the preliminary session I will begin data collection.
The first session will involve assessment of wrist active
and passive range of motion, wrist flexor and extensor
muscle strength, limb girth, limb volume, and muscle
soreness. I understand that I will then be asked to
complete 15 sets of 15 maximal muscle contractions with my
wrist extensor muscles. The pre-exercise assessments will
be repeated immediately after the exercise bout. I -
understand I will be randomly assigned to one of six (6)
treatment groups or a placebo/control group. . Treatment A
will be the administration of an anti-inflammatory medicine.
If I am assigned to this group, I will take 1800 milligrams.
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of -Daypro immediately following exercise and 1200 milligrams
every 24 hours for three (3) days. If I am assigned to

_‘treatment group B, I will use my arms to pedal a bicycle for
ten (10) minutes at sixty (60) revolutions per minute. If I
am assigned to treatment group C, my forearm will be ice
. massaged for twenty (20) minutes. If I am assigned to
~treatment group D, I will be asked to stretch my forearm
.‘extensor muscles for 10 minutes. If I am assigned to
“"treatment group E, I will take 150 milligrams of Arnica
‘immediately after exercise and 150 milligrams every eight
‘ (8) hours for three (3) days. If I am assigned to group F,

- a topical ointment of 4% Arnica extract will be applied to
.my. forearm muscles immediately after exercise and every
“eight (8) hours for three (3) days. If I am assigned to
.group G, a placebo will be given immediately after exercise
and -then every 24 hours for three (3) days. Regardless of
ny assigned group, I understand I will be asked to report
"~ ‘back to the clinic 24, 48, and 72 hours following the
- exercise bout for reassessment.

I hereby. authorize Dawn Gulick, Iris Kimura, and such
. assistants, as may be selected by the investigators, to
< 'perform my medical history; assess arm range of motion, arm
strength, 1imb girth, limb volume, and muscle soreness;
‘conduct the exercise protocol; and, administer the treatment
:--easures.

;}The procedures-of this investigation have been. explained to.
~'me by Dawn Gulick. Any questions-that ‘I may have concerning
. the study will be answered at any time during the study or
'during the working day by calling (215) 287-8774.

side-etfects nay result from participation in this study.
These include nausea, stomach irritation; allergic
-eactions, ‘or skin rash.’ Severe reactions such as gastric
bleeding are extremely rare with such a short administration
,tine., Unforeneon reuctions may also occur..

 :,02 the -adications in. this study could be
uphorn children. It is possible that har-ful

*understand that,if I am: capable ot
5 ,will be given a prcgnancy test prior to
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study. If I should become pregnant, I must immediately
discontinue the treatment medication and inform the
investigator.

Circumstances may arise which might cause the investigators
to terminate my participation in the study before its
completion. These circumstances would include any situation
in which the investigators believe that future participation
would be dangerous to me.

If I am injured as a result of my involvement in this study,
only physician’s fees and medical expenses in excess of nmy
medical and hospital coverage or other third party coverage
will be paid with no additional cost to me. I understand
that financial compensation for such injury is not
available. If I need to, I can contact Dawn Gulick, A.C.T.
Physical Therapy, 102 Memorial Road, Schwenksville, PA
19473, phone (215) 287-8774. Questions about my rights as a
research subject may be directed to Ms. Ruth Smith, Office
of the Vice Provost for Research, Institutional Review
Board, Temple University, 1800 North Broad and Oxford
Streets, Philadelphia, PA 19122, phone (215) 204-7460.

I understand that I my refuse consent or withdraw from the
study at any time.

The possible benefits of this study are to better understand
the effectiveness of various treatment methods on the
symptoms of delayed onset muscle soreness.

The results of this study may be published in scientific
journals or presented at scientific meetings, but my
identity will not be disclosed without written consent by me
on a separate form. I understand that as a participant in
this study, my records relating to my treatment will be kept
confidential. .

The data of this study will not be released to me until the
termination of the study.

I am in good health and do not know of any medical problems
that may interfere with my participation in this study.
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I voluntarily consent to participate in this study.

Signing my name below indicates that I have read and
understand the contents of this Consent Form, and that I
agree to take part in this study. Signing this form will
not waive any of my legal rights.

Subject Witness

Investigator Date
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TEMPLE UNIVERSITY HEALTH SCIENCES CENTER
PHILADELPHIA, PENNSYLVANIA 19140

RESEARCR REVIEW COMMITTEE A
CERTIFICATION OF APPROVAL FOR A PROJECT
INVOLVING HUMAN SUBJECTS

In accordance with the policy of the Department of Health and Human
Services on protection of human subjects in research, it is hereby

ceértified that:
"PROJECT TITLE: THE EFFECTS OF TREATMENTS ON DELAYED ONSET MUSCLE
SORENESS

PROTOCOL NUMBER: 2267
PRINCIPAL INVESTIGATOR: DAWN _GULICK. LPT/ATC having received

- preliminary review and approval by the

‘DEPARTMENT OF: PHYSICAL THERAPY CLINIC and was subsequently
“reviewed by the Institutional Review Board in its present form and

APPROVED ON: 09/02/93 with respect to the rights and welfare of
the :subjects involved; appropriateness and adequacy of the methods
used to obtain informed consent; and risks to the individual and
potential benefits of the project.

“,In conformxng with the criteria set forth in the HHs regulations

.- for the protection of human research subjects, and in exercise of
‘;:the povwer granted to the COmmittee, and

::subject to execution of the consent form(s), if required, and such
- other requirements as the Committee may have ordered, such orders,
, '1f any, he;ng stated hereon. or appended hereto.

S 1 07/15/93 (revi-w date) .
"It is understood that it is the

'iﬂinvo-tiqltorarclpcnlibilityto T
o noti!y the. Canittoo . rj])
o ? ’I““ {

CHAIRMAN, IRB
September 8, 1993
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HEALTH QUESTIONNAIRE

Subject code: Date:
Age: Sex:
Height: Weight:

Please answer the following questions as thoroughly as
possible.

1. Are you currently taking any medication? YES NO

2. Have you taken any medication in the
past 2 weeks? YES NO

3. Are you currently being treatea for
any medical problem? YES NO

4. Do you have a history of heart, liver,
or kidney disease? YES NO

S. Do you have a history ef hypertension? YES NO
6. Do you have a history of peptic ulcers? | YES NO
7. Do you have any pain at this time? YES NO
8. De you have eny sengory deficits? YES NO

.:'9. Are .you allergic to any medications,
- lotions, creams, or plants? YES NO

10. Have you ever had an adverse reaction
e to aspirin or any other medication? YES NO

511} _De;yeu,have a history of any upper
U extremity injuries? YES NO

NQIE If you- answered "YES" to any of the above questions,
please explaln th1s response on the back side of this
questlonnalre -
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Table E-1. Goniometry Pilot Study Data

Wrist Goniometric Measurements

. Subject Test 1 Test 2 Difference
01 63 65 + 2
02 73 73 0
03 86 86 - 0
04 68 68 0
05 60 62 + 2
06 70 68 -2
07 63 Co 63 0
08 80 84 + 4
09 67 : - 67 : 0
10 63 62 -1
11 58 58 o 0

T12 73 74 + 1
13 84 . 84 0
14 76 76 , 0
15 72 74 : + 2
16 77 77 0
17 - - 64 66 + 2
18 : 68 , 68 0
19 : 54 - 56 ) +.2

2

- 20 80 - 82 +

Note. All measurements are expressed in degrees.
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Table E-2. Forearm Girth Pilot Study Data

Limb Girth Measurements

Subject Test 1 Test 2 Difference
01 25.4 25.6 + 0.2
02 23.7 23.6 - 0.1
03 21.9 21.9 0.0
04 21.8 21.7 - 0.1
05 22.0 22.0 0.0
06 15.2 15.2 0.0
07 26.7 26.7 0.0
08 28.2 ’ 28.3 + 0.1
09 23.6 23.7 . + 0.1
10 16.2 16.3 T+ 0.1
11 29.9 29.9 0.0
12 20.7 20.8 -+ 0.1
13 22.2 22.3 + 0.1
14 13.2 13.2 0.0
15 21.5 . 21.5 0.0
16 31.0 31.1 + 0.1
17 19.5 19.5 0.0
i8 15.2 15.2 0.0
19 21.7 21.7 0.0
20 27.1 27.0 - 0.1

Note. Aall measurements are expressed in centimeters.
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Table E-3. Limb Volumetry Pilot Study Data

L‘7mb Volume Measurements

‘Subject Test 1 Test 2 Difference
01 1,580 1,570 - 10
02 1,590 1,590 0
03 2,220 2,235 + 15
04 2,190 2,190 0
05 1,795 1,850 + 55
06 1,205 1,190 - 15
07 1,260 1,250 - 10
08 1,700 . 1,710 + 10
09 1,650 1,670 + 20
10 1,270 1,260 - 10
11 1,350 1,380 + 30
12 1,770 1,760 © - 10
13 1,700 1,680 - 20
14 1,750 1,755 + 5
15 1,620 1,625 + 5

. 16 1,850 1,860 + 10

17 .- 1,880 1,880 0
18 1,290 1,300 + 10
19 - 2,190 2,220 + 30

20 - 1,685 1,700 + 15

: NQLE ALl me’asuregnehts are expressed in milliliters.
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Probe Pilot Study Data

Table E-4.

MSI

Measured Difference

Actual

Subject

0.2

01
02

0.8

12

12.0
16

03

15.8

04

0.2
0.2
0.3

0

05
06

un

10.3
12

10

12

07

08
09

0.3

10
11
12
13
14
15
16
17
18

12
16

12

0.1

16.0

.

10

11.9

12

0

11.9
15

12

19
20

16.0

0.2
0.2

0

21
22
23
24
25
26

10

10
12

0.4
0.5
0.4

12.4

8
12
16

12
16

27
28

0.1
0.1
0.1

29
30
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Continued.

Table E-4.

MSI

Measured Difference

Actual

Subject

10.0

10.0

31
32
33
34

12.0

12.0

0

11.9

12.0

35
36

15.8

16.0

6.0
10.0

37
38
-39
40

0.2

10.0

11.9

12.0

0
0

41

12.0

42
- 43

12.0

15.8

16.0

44
45

0.3
0
0

10.4
12

46

10

.47
48

12.0

All measurements are expressed in pounds.
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Table E-5. Isometric Force Pilot Study Data

Wrist Extension Force Measurements

Subject Test 1 Test 2 Difference
01 39 37 - 2
02 41 ) 38 -3
03 26 27 + 1
04 30 31 + 1
05 34 34 0
06 32 34 + 2
07 47 47 0
08 54 55 + 1
09 55 ) 58 + 3
10 59 56 -3
11 34 35 + 1
12 48 50 + 2
i3 83 84 + 1
14 36 42 + 6
15 45 45 0
16 40 36 - 4
17 41 43 + 2
18 48 47 -1
19 56 52 -4
20 46 50 + 4

Note. All measurements are expressed in pounds.
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VISUAL PAIN RATING SCALE

INSTRUCTIONS
Make a mark (~)along the line from the extremes, "No Pain At All" and "Pain As Bad As It
Could Be”, which you think represents your current pain in your major area of injury.

Pain As Bad
As It Could Be
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DATA COLLECTION SHEET

Subject code: Date:
Treatment group: _________ __  Datn session:
RANGE OF MOTION

Active Wrist flexion:
Active Wrist extension:
Passive Wrist flexion:

Passive Wrist extension:

GIRTH MEASUREHENTS
Elbow Jt Line:

2.5 cm distal:

5.0 cm distal:

7.5 cm distal:
10.0 cm distal:
12.5 cm distal:

Volume of water displaced:
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Subject code: _____  Treatment group:
Data session:

SPWId LYY

. Isometric Wrist extension:

Isokinetic Total Work Concentric: Eccentric:
" Isokinetic Peak Torque Concentric: Eccentric:
Isokinetic Pk Trq Angle Concentric: Eccentric:
-PAIN ASSESSMENT

~Pain Index #1:
~Pain Index #2:
. Pain Index #3:
Pain Index #4:
lVPain Index #5:
: PginlIndex #6:
LVPqin'Index #7:
:f?aihrlndexliaz
; Pain}Index #9:

‘i?gin:Ihdex #10:

Total Pain Index:
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SUBJECT COMPLIANCE STATEMENT

Subject number

Date

Through the placement of my signature below, I am stating
that I complied with the instructions given to me for
administration of my assigned treatment in this research

study.

~Signature of subject
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Table I-1. Active Flexion Raw Data

Time
Subject Treatment AT 1 AT 2 AT 3 AT 4 AT 5 AT 6

Ointment 70.0 59.0 74.5 59.5 64.5 69.0
NSAID 76.0 55.5 66.0 58.0 62.0 71.0
Ice 61.0 65.5 69.0 62.5 69.0 72.0
Ergometer 72.5 65.0 68.0 63.5 71.0 67.5
Ice 61.0 70.5 66.0 73.0 67.0 75.0
Ointment 65.5 52.0 55.5 48.0 49.0 56.0
Stretch 65.0 62.0 66.0 69.0 68.0 68.5
Ergometer 88.0 79.5 76.0 78.0 75.0 76.5
Ergometer 75.0 80.0 85.0 78.0 76.5 82.5
Ice 83.0 77.0 81.0 76.0 84.5 81.0
Ointment 84.5 74.5 73.5 70.5 63.5 73.0
Ergometer 72.0 73.5 71.0 64.5 65.0 80.0
Pellets "~ 80.0 80.0 86.5 79.5 82.0 73.5
Ice 83.0 80.0 70.0 61.0 66.5 67.5
Placebo 85.5 74.5 82.5 74.5 76.0 72.5
Ointment 72.0 73.5 69.5 63.0 74.0 61.0
Ice 96.0 92.0 86.0 78.0 90.5 97.0
Stretch 58.0 55.0 55.0 67.0 65.5 64.5
Ergometer 66.0 71.0 64.0 68.0 69.0 65.0
. NSAID €8.0 66.0 68.5 62.5 66.0 65.0
' Stretch 82.0 86.5 95.0 88.0 83.0 80.5
NSAID 76.5 68.0 62.5 60.0 59.5 65.0
Ointment 85.0 78.5 80.5 71.0 79.5 80.0
Ice 73.0 72.0 76.0 46.0 73.0 82.0
Placebo 71.5 66.0 74.5 74.0 68.5 74.5
NSAID 82.0 73.0 75.0 75.0 65.5 62.5
Stretch 83.0 78.0 81.5 86.0 82.0 80.5
Placebo 66.0 62.0 64.5 60.0 67.5 67.0
Pellets 71.0 61.5 69.5 63.0 75.5 66.0
Ointment 72.0 75.5 77.0 86.5 79.0 79.5
Stretch 80.0 61.5 70.0 67.0 74.0 72.0
NSAID 79.0 71.0 73.0 62.5 58.0 59.0
Placebo 73.0 78.0 80.5 79.0 72.5 74.0
Stretch 71.0 61.0 68.0 75.0 70.0 79.0
Ice - 62.0. 67.0 62.5 67.5 61.0 58.0
69.5

-,Placebo . 72.0 53.0 58.0 68.0 70.0
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Table I-1. Continued.
Time

Subject Treatment AT 1 AT 2 AT 3 AT 4 AT 5 AT 6
037 Pellets 79.0 90.0 90.0 83.0 84.0 87.5
038 Ointment 74.0 71.0 69.5 65.0 67.0 73.0
039 Pellets 78.0 67.0 76.0 70.5 56.5 56.0
040 Ice 90.0 85.0 82.0 85.0 87.0 89.0
041 NSAID 74.0 69.5 76.0 68.0 66.0 61.5
042 Ointment 86.0 68.0 81.0 85.0 82.0 85.0
043 Stretch 73.5 65.0 69.0 65.5 61.0 64.0
044 Ice 63.0 66.5 62.0 55.0 51.0 63.0
045 Pellets 76.0 77.0 71.0 74.5 69.0 80.0
046 Stretch 71.0 62.0 80.0 67.0 62.5 66.5
047 Pellets 73.5 68.5 74.0 78.0 76.0 73.0
048 Ice 77.0 72.0 74.0 69.0 74.0 77.0
049 NSAID 64.5 66.0 70.0 66.0 66.0 73.0
050 Ergometer 74.5 76.5 77.5 74.0 71.5 80.0
051 Ointment 80.5 77.5 80.0 59.0 74.0 75.5
052 Placebo 74.0 72.5 73.5 64.5 58.0 64.0
053 Stretch 94.0 98.0 95.0 90.0 97.0 92.0
054 Ointment 80.0 72.0 72.5 70.5 74 .5 74.0
055 Exgometer 76.0 70.0 77.0 72.0 70.0 71.5
056 Pellets 82.0 61.0 69.0 62.0 63.0 58.0
057 Placebo 87.0 82.0 81.0 77.5 77.0 84.0
058 Stretch 78.0 77.0 81.0 78.0 72.0 76.0
059 Placebo 67.5 63.0 64.5 66.0 68.0 73.0
060 Pellets 71.5 68.0 64.5 €1.5 63.0 62.0
061 Ergometer 58.5 63.5 67.0 58.0 60.5 64.0
062 Pellets 76.5 63.0 68.0 70.0 65.0 68.5
063 Pellets 73.0 76.0 65.0 74.0 63.0 73.0
064 Placebo 78.0 86.0 82.5 77.5 78.5 78.0
065 Ergometer 76.0 78.5 67.0 66.0 66.0 65.0
066 Placebo 81.0 85.0 79.0 73.0 69.0 71.5
06?7 NSAID 65.5 60.5 61.5 68.0 69.0 73.0
068 NSAID 84.5 84.0 84.0 85.0 81.0 84.0
069 Ergometer 83.0 71.0 78.0 80.5 80.0 80.0
070 NSAID 72.0 73.0 70.0 69.5 70.5

74.0

Note. All measurements are expressed in dégrees.
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: Time
_‘Subject Treatment AT1 AT 2 AT3 AT 4 AT S AT 6
001 Ointment 81.0 23.5 59.0 71.0 79.5 82.0
002 NSAID 73.5 64.0 71.5 69.0 72.5 75.0
£ 003 Ice 75.0 79.5 71.0 83.0 83.0 84.5
2004 Ergometer 78.0 63.5 62.0 66.0 65.0 66.0
- 005 Ice 85.0 86.0 84.5 85.0 86.0 80.0
006 Ointment 88.0 64.0 77.0 78.0 78.0 82.0
- 007 Stretch 84.5 79.0 77.0 72.5 72.0 79.5
008 Ergometer 90.5 65.0 60.5 81.0 80.0 78.5
~-009 Ergometer 82.0 62.5 72.0 73.0 70.5 76.0
Ice 84.0 72;0 86.0 84.0 78.5 91.0
Ointment 73.0 62.5 68.0 64.5 €68.0 69.0
Ergometer 84.0 $6.0 53.0 73.5 67.0 80.0
Pellets 79.0  70.0 73.5 73.5 73.0 72.0
Ice 84.5 _70.0 73.5 80.0 77.0 81.5
Placebo 78.5 71.5 77.0 78.5 73.0 88.0
Ointment 72.0 68.0 65.0 71.0 70.0 74.0
Ice 78.0 63.5  62.0 69.0 71.0 68.5
- Stretch 69.5 62.5 64.5 69.5 76.0 72.5
Ergometer 70.0 44.0 58.5 52.5 68.0 64.0
NSAID 87.00 67.5 76.5 83.0 80.5 84.5
.. Stretch 86.0 82.5 73.0 81.5 79.0 77.5
- 'NSAID 84.5 60.0 68.0 59.0 75.0 78.0
Ointment '84.5 64.0 70.5 81.0 79.0 76.5
Ice - 78.0 60.5 43.0 64.0 73.5 72.0
“ .- Placebo -81.0- 72.0- '80.0 . 76.5 85.0 . 80.0
O NSAID 91.0. 64.0 71.5 81.0 82.5 80.0
.'strétch 72.0 72.0 76.0 71.5 70.0 76.0
- ’Placebo '75.5  66.5 - 77.0 77.5 72.0 70.0
~-Pellets 73.5 75.00 .73.5 80.0 79.0
' ' 73.0  81.0
60.0 62.0
66.0 60.5
80.5  87.5
80.0 84.5
69.0. - 62.5
0

84.
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Continued.
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Time
Subject Treatment AT 1 AT 2 AT 3 AT 4 AT 5 AT 6
037 Pellets 68.0 70.0 75.0 76.0 74.0 72.0
038 Ointment 76.5 52.5 50.5 58.5 73.5 66.5
039 Pellets 82.5 69.0 72.0 73.5 76.0 78.0
040 Ice 79.0 63.0 71.0 67.0 71.0 71.0
041 NSAID 76.0 72.0 74.0 73.0 66.5 66.0
042 Ointment 81.0 67.0 72.0 70.0 67.0 74.0
043 Stretch 76.0 65.0 57.0 63.0 68.0 77.0
044 Ice 82.0 50.0 68.0 71.0 73.0 71.5
045 Pellets 81.0 78.0 74.0 69.0 74.0 77.0
046 Stretch 61.0 57.0 50.0 59.0 53.0 58.0
047 Pellets 84.0 55.0 58.5 68.0 73.0 76.0
048 Ice 70.0 40.5 58.0 60.0 69.5 67.0
049 NSAID 75.5 54.0 69.0 70.0 68.0 70.5
050 Ergometer 83.0 _71.0 76.0 71.0 75.0 77.5
051 Ointment 86.0 68.5 81.0 79.0 79.0 79.0
052 Placebo 68.0 60.0 63.0 57.0 65.0 60.0
053 Stretch 71.0 40.0 50.0 50.0 53.0 52.0
054 Ointment 87.0 75.0 78.0 75.0 70.5 75.0
055 Ergometer 85.0 48.0 61.0 €9.0 68.0 71.5
056 Pellets 84.0 69.0 70.0 73.5 82.0 80.0
057 Placebo 63.0 63.0 59.0 59.0 61.0 62.5
058 Stretch 94.5 81.0 84.5 56.5 81.0 82.0
059 Placebo 86.0 48 .5 57.5 77.0 76.0 83.0
060 Pellets 81.0 55.0 65.5 63.0 64.5 71.0
061 Ergometer 76.0 59.0 -63.5 67.0 69.0 67.0
062 Pellets 0.0 42.0 51.0 72.0 72.5 82.0
063 Pellets 83.5 77.0 72.0 78.0 80.0 84.0
064 Placebo 88.0 76.0 71.0 78.0 80.0 81.0
065 Ergometer €5.0 68.0 57.0 53.0 59.0 62.0
066 Placebo 88.0 61.0 66.0 72.5 73.5 78.0
067 NSAID 75.5 63.0 70.5 67.0 68.0 63.5
068 NSAID 75.0 64.5 68.0 66.0 72.0 71.0
069 Ergometer 77.5 47.5 58.0 63.0 67.0 66.0
070 NSAID 81.0 71.0 71.5 73.0 82.0 77.0

Note. All measurements are expressed in degrees.
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“able I-3. Passive Flexion Raw Data

Time
Subject Treatment AT 1 AT 2 AT 3 AT 4 AT 5 AT 6

Ointment 73.0 61.5 79.0 62.0 67.0 70.0
NSAID 81.0 71.0 75.0 75.0 72.0 80.0
Ice 71.0 72.0 80.0 76.0 75.0 82.0
Ergometer 78.0 73.0 75.0 76.0 74.0 73.0
Ice 70.0 76.0 76.0 B80.0 76.0 83.0
Ointment 72.0 59.0 66.0 53.0 62.0 61.0
Stretch 74.0 72.0 73.0 78.0 76.0 74.0
Ergometer 92.0 90.0 85.0 85.0 83.0 81.0
Ergometer 84.0 87.0 87.0 90.0 84.0 92.0
Ice 91.0 91.0 90.0 87.0 94.0 90.0
Ointment 88.0 85.0 82.0 80.0 76.0 77.0
Ergometer 79.0 85.0 75.0 81.0 75.0 90.0
Pellets 83.0 87.0 88.0 84.0 84.0 77.0
Ice 86.0 - 88.0 90.0 71.0 76.0 81.0
Placebo 96.0 90.0 86.0 91.0 85.0 85.0
Ointment 81.0 86.0 80.0 75.0 83.0 73.0
Ice 104.0 96.0 100.0 100.0 101.0 102.0
Stretch 64.0 62.0 61.0 70.0 75.0 71.0
Ergometer 76.0 82.0 75.0 74.0 75.0 77.0
NSAID 80.0 70.0 78.0 72.0 73.0 75.0
Stretch 86.0 97.0 103.0 99.0 100.0- 90.0
 NSAID 85.0 76.0 80.0 76.0 76.0 73.0
-Ointment 90.0 84.0 83.0 87.0 88.0 81.0
Ice . - 83.0  84.0 81.0 76.0 79.0 8B.0
Placebo 85.0 '84.0 ' 83.0 85.0 80.0 82.0
'NSAID . 85.0 -.80.0 ' 82.0 78.0 72.0 68.0
- Stretch. ~ 91.0 . 88.0 90.0 93.0 89.0 90.0
Placebo ~~ 77.0 . 78.0  75.0° ‘73.0 78.0 74.0
~Pellets - . .80.0 - 70.0 77.0  77.0 88.0 72.0
“-Ointment. . 80.0 88.0 85.0 91.0 88.0 86.0

- ‘Stretch.  85.0 . 76.0  84.0 76.0 81.0  81.0
U UNSAID-' . .84:0 78.0 81.0 .  71.0 72.0 65.0
- placebo - . 79:0 . 81.0 85.0° .85.0 77.0 83.0
8 - 79,0 73.0 .82.0 - 81.0 °82.0 87.0
©.79.,0°776.0 76,0 81.0. 68.0  70.0

0  78.0 79.0
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Table I-3. Continued.
Time

Subject Treatment AT 1 AT 2 AT 3 AT 4 AT 5 AT 6
037 Pellets 92.0 99.0 98.0 93.0 94.0 96.0
038 Ointment 78.0 75.0 75.0 62.0 71.0 -75.0
039. Pellets 81.0 70.0 80.0 76.0 65.0 64.0
040 Ice 97.0 86.0 93.0 88.0 93.0 90.0
041 NSAID 73.0 73.0 76.0 68.0 62.0 72.0
042 Ointment 93.0 93.0 93.0 96.0 96.0 98.0
043 Stretch 75.0 68.0 76.0 70.0 69.0 73.0
044 Ice 64.0 64.0 64.0 59.0 56.0 €3.0
045 Pellets 86.0 90.0 83.0 82.0 75.0 85.0
046 Stretch 81.0 82.0 83.0 82.0 71.0 82.0
047 Pellets 80.0 72.0 80.0 81.0 79.0 80.0
048 Ice 87.0 82.0 82.0 81.0 82.0 91.0
049 NSAID 81.0 74.0 74.0 67.0 72.0 76.0
050 Ergometer 81.0 82.0 83.0 80.0 77.0 83.0
051 Ointment 88.0 88.0 85.0 78.0 79.0 87.0
052 ' Placebo 80.0 83.0 76.0 75.0 73.0 73.0
053 Stretch 102.0 98.0 100.0 98.0 95.0 101.0
054 Ointment 83.0 78.0 80.0 72.0 77.0 78.0
055 Ergometer 81.0 80.0 82.0 77.0 72.0 79.0
056 Pellets 85.0 69.0 73.0 71.0 69.0 63.0
057 Placebo 91.0 98.0 94.0 84.0 83.0 88.0
058 Stretch 80.0 83.0 90.0 78.0 80.0 80.0
059 Placebo 75.0 77.0 77.0 81.0 78.0 73.0
060 Pellets 78.0 70.0 69.0 65.0 67.0 72.0
061l Ergometer 70.0 71.0 72.0 66.0 66.0 70.0
062 Pellets 86.0 78.0 81.0 76.0 78.0 81.0
063 Pellets 82.0 84.0 88.0 80.0 86.0 84.0
064 Placebo 93.0 88.0 86.0 83.0 81.0 85.0
065 Ergometer 91.0 88.0 90.0 80.0 88.0 75.0
066 Placebo 90.0 86.0 85.0 83.0 83.0 83.0
067 NSAID 74.0 79.0 70.0 74.0 72.0 77.0
068 NSAID 90.0 86.0 84.0 86.0 84.0 82.0
069 Ergometer 88.0 81.0 79.0 84.0 84.5 83.0
070 NSAID 80.0 77.0 87.0 84.0 88.0 85.0

Note. All measurements are expressed in degrees.
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Table 1-4. Passive Extension Raw Data

Time
Subject Treatment AT 1 AT 2 AT 3 AT 4 AT 5 AT 6

001 Ointment 87.0 81.5 83.5 82.

0 86.0 89.0
002 NSAID 76.0 81.0 80.0 85.0 85.0 82.0
.003 Ice 91.0 90.0 90.0 92.0 90.0 95.0
004 Ergometer 85.0 75.0 76.0 78.0 82.0 85.0
005 Ice 95.0 95.0 96.0 91.0 96.0 94.0
006 Ointment 97.0 91.0 84.0 93.0 92.0 95.0
007 Stretch 95.0 91.0 91.0 94.0 93.0 97.0
008 Ergometer 97.0 92.0 .95.0 97.0 92.0 96.0
© 009 Ergometer 97.0 93.0 92.0 94.0 88.0 94.0
010 Ice 97.0 92.0 97.0 97.0 86.0 100.0
011 Ointment 85.0 88.0 85.0 90.0 81.0 86.0
012 Ergometer 90.0 78.0 90.0 86.0 80.0 92.0
013 Pellets 85.0 77.0 80.5 77.0 86.0 86.0
014 Ice 96.0 ° 91.0 92.0 92.0 92.0 93.0
‘015 Placebo 92.0 94.0 85.0 96.0 92.0 103.0
016 Ointment 80.0 86.0 82.0 82.0 82.0 83.0
017 Ice 93.0 93.0 74.0 92.0 90.0 91.0
~ . o018 Stretch 82.0 71.0 72.0 80.0 84.0 85.0
..7019 Ergometer 81.0 85.0 80.0 86.0 83.0 88.0
2020 - NSAID 97.0 90.0 90.0 99.0 99.0 101.0
: ' Stretch 98.0 94.0 88.0 93.0 97.0 85.0
NSAID ~  91.0 86.0 87.0 85.0 92.0 88.0
. Ointment 95.0 87.0 86.0 92.0. 92.0 98.0
- lce 87.0 75.0 _ 73.0 81.0 82.0 86.0
. ‘Placebo 96.0 - 96.0 95.0 94.0 94.0 96.0
'NSAID =~ '92.0 80.0 86.0 88.0 91.0 89.0
Stretch 88.0- 86.0 90.0 83.0 81.0 88:0
.~Placebo '88.0 80.0 86.0 B86.0 85.0 . 82.0
~ “Pellets. -90:0 - ‘85,0 . 85.0° 94.0 . 93.0. 91.0
“ointment - 94.0 ~ 91.0 92.0 94.0 93.0 87.0
.. .Stretch 79.0  74.0 76.0 80.0 77.0 74.0
© “NSAID - - - 81.0 .88.0 86.0 ~76.0 84.0 82.0
- . Placebo - . .93.0- 84.0 .88.0 - 97.0° 38.5 94.0
‘Stretch . .'91.0 86.0 .  82.0  89.0 89.0 96.0
e T 2780.0 . 79.0  85.0° .79.0 = 72.0

0:

97.

93,0 96.0 98.0 100.0




Table I-4.

Continued.
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Time
Subject Treatment AT 1 AT 2 AT 3 AT 4 AT 5 AT 6
037 Pellets 85.0 86.0 88.0 93.0 87.0 88.0
038 Ointment 83.0 76.0 71.0 78.0 71.0. 77.0
039 Pellets 93.0 79.0 85.0 88.0 88.0 87.0
040 Ice 94.0 92.0 92.0 85.0 82.0 85.0
041 NSAID 86.0 80.0 81.0 78.0 82.0 78.0
042 Ointment 91.0 87.0 91.0 88.0 87.0 86.0
043 Stretch 81.0 78.0 80.0 72.0 " 82.0 73.0
044 Ice 85.0 85.0 82.0 89.0 91.0 81.0
045 Pellets 91.0 868.0 '83.0 82.0 90.0 85.0
046 Stretch 78.0 75.0 74.0 76.0 72.0 82.0
047 Pellets 100.0 88.0 90.0 88.0 88.0 88.0
048 Ice 88.0 85.0 87.0 76.0 80.0 86.0
049 NSAID 87.0 85.0 84.0 88.0 83.0 78.0
050 Ergometer 90.0 86.0 90.0 84.0 85.0 86.0
051 Ointment 94.0 91.0 90.0 91.0 90.0 95.0
052 Placebo 83.0 80.0 81.0 81.0 80.0 75.0
053 Stretch 80.0 83.0 72.0 79.0 78.0 82.0
054 Ointment 96.0 90.0 91.0 92.0 90.0 91.0
055 Ergometer 87.0 81.0 81.0 83.0 80.0 80.0
056 Pellets 91.0 90.0 83.0 87.0 87.0 88.0
057 Placebo 86.0 80.0 82.0 78.0 86.0 83.0
058 Stretch 92.0 98.0 93.0 91.0 92.0 87.0
059 Placebo 92.0 91.0 91.0 90.0 90.0 86.0
060 Pellets 89.0 76.0 72.0 73.0 72.0 77.0
061 Ergometer 86.0 72.0 79.0 78.0 80.0 78.0
062 Pellets 100.0 96.0 85.0 92.0 88.0 92.0
063 Pellets 92.0 88.0 93.0 92.0 86.0 89.0
064 Placebo .90.0 92.0 86.0 88.0 91.0 92.0
065 Ergometer 86.0 79.0 77.0 75.0 64.0 78.0"
066 Placebo 95.0 92.0 85.0 87.0 66.0 90.0
067 NSAID 90.0 81.0 84.0 77.0 82.0 73.0
068 NSAID 90.0 86.0 80.0 82.0 83.0 82.0
069 Ergometer 86.0 80.0 83.0 83.0 83.0 82.0
070 NSAID 91.0 93.0 83.0 90.0 90.0 92.0
Note. All measurements are expressed in degrees.
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Table I-5. Limb Girth Raw Data

: Time
Subject Treatment AT 1 AT 2 AT 3 AT 4 AT S AT 6

001 Ointment 144.8 147.4 145.3 144.8 144.6 145.1
002 NSAID 150.5 155.9 152.6 151.5 151.3 151.1
003" Ice 124.8 124.6 124.2 125.8 124.6 125.0
004 Ergometer 115.9 116.2 114.1 114.6 113.9 114.8
005 Ice 134.2 133.8 132.5 135.3 133.2 136.0
006 Ointment 164.7 170.6 165.8 167.5 165.3 166.8
007 Stretch 130:0 128.0 129.4 130.1 129.1 128.0
008 Ergometer 158.3 162.6 159.7 158.9 157.2 158.9
009 Ergometer 106.9 109.5 108.5 107.7 108.3 108.2
010 Ice ©108.9 107.3 106.0 108.7 107.7 107.6
011 Ointment 105.5 104.9 107.5 105.6 105.4 105.4
© 012 Ergometer 156.8 156.4 156.3 157.3 155.6 155.4
013 . Pellets 128.7 132.1 130.4 128.2 127.9 127.8
014 Ice 131.7 132.9 131.3 133.0 132.0 131.3
- 015 Placebo  115.8 119.7 117.1 118.5 117.7 117.6
016 Ointment 152.5 153.1 150.7 153.9 "153.6 150.8
017 Ice 105.1 106.8 105.7 106.9 106.8 106.0
- 018 - -Stretch.  149.9 151.6 149.8 151.6 . 150.2 150.6
019 . Ergometer 141.8 143.2 141.3 143.6 145.0 142.8
7020 NSAID = 135.8 138.7 136.9 137.6 137.5 137.4
... 021 | ‘Stretch  115.9 116.3 114.8 115.1 114.7 116.0
022 - NSAID - 150.9 156.0 152.9 154:5 153.3 154.6
023 ‘Ointment -~ 130:9 °132.9 131.1 130.9 131.5 132.0
. :Ice - - 146.2 148.2 145.7 147.3 145.8 146.6
5 - Placebo - 121.6 -123.4 '120.9 122.1 122.3 121.9
6 NSAID - 167.7 -173.8° 171.3 168.9 168.5 170.1
. -Stretch . - 146.1 147.2 146.0 144.8 145.2 145.0
" Placebo . 153.3 154.9 154.9 153.6 154.1 155.3
~Pellets  ~ 133.3 135.1 134.7 133.2 136.2 135.7
Ointment - 117.7 119.6 118.3 117.8 116.8 118.5
Stretch: - 119.3 124.9°122.6 119.8 - 119.8 119.5
S ©149.2° 2 149.4 150.0 150.1 151.8
56.4. 166.7 167.5 166.9
126.3126.3 - 126.0
'137.9.138.4 137.5

3

©153.3: 154.3 = 154.1




Table I-5.
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Time
Subject Treatment AT 1 AT 2 AT 3 AT 4 AT 5 AT 6
037 Pellets 120.0 122.4 120.9 121.4 121.3 120.4
038 Ointment 156.4 160.7 157.3 156.9 158.3 158.1
039 Pellets 144.3 148.3 148.3 144.9 145.5 146.0
040 Ice 112.1 113.1 113.7 114.2 114.3 1l12.°
041 NSAID 113.7 117.9 116.7 115.3 1114.0 113.7
042 Ointment 133.1 133.1 132.4 131.9 132.4 131.5
043 Stretch 145.0 146.5 146.5 147.2 147.4 147.5
044 Ice 147.8 151.4 150,2 146.4 146.1 145.6
045 Pellets 112.9 114.1 112.0 113.7 113.7 113.3
046 Stretch 117.8 120.4 118.4 117.5 117.5 117.5
047 Pellets 146.0 149.1 146.2 146.3 146.4 146.1
048 Ice 164.7 166.2 164.3 164.7 164.2 162.9
049 NSAID 156.4 159.6 157.0 156.7 156.6 154.5
050 Ergometer 123.2 122.4 124.0 124.1 122.3 124.3
051 Ointment 136.9 138.7 135.1 139.1 134.9 137.0
052 Placebo 110.3 112.0 110.8 111.3 '110.2 110.2
053 Stretch 142.4 144.2 144.2 143.9 144.5 143.2
054 Ointment 145.2 146.4 145.7 145.9 145.2 145.4
055 Ergometer 139.5 139.9 138.4 138.4 138.5 138.1
056 Pellets 141.2 144.1 140.9 142.4 141.6 141.0
057 Placebo 103.4 103.9 103.5 103.2 102.5 102.7
058 Stretch 157.6 158.4 159.3 159.6 159.7 159.3
059 Placebo 151.6 154.8 153.6 151.9 150.9 152.8
060 Pellets 158.2 164.0 160.6 160.8 161.4 161.1
061 Ergometer 154.5 156.0 154.7 158.2 156.6 154.1
062 Pellets 127.0 129.7 128.3 127.6 129.0 128.6
063 Pellets 129.4 131.5 129.8 130.4 131.2 130.6
064 Placebo 166.1 170.1 168.5 167.8 168.0 166.3
065 Ergometer 112.9 114.2 113.7 114.0 114.4 113.9
066 Placebo 114.2 116.5 114.9 115.5 114.2 114.8
067 NSAID 139.4 144.3 140.4 141.1 141.5 141.0C
068 NSAID 122.1 125.1 123.8 124.1 123.6 123.4
069 Ergometer 149.5 155.5 152.2 149.6 148.9 149.0
070 NSAID 148.2 149.7 149.3 149.6 149.6 149.2
Note.

All measurements are expressed in centimeters.



Time

AT 3 AT 4 AT 5 AT 6
Ointment  1,850.0° 1,860.0 1,845.0 1,797.5 1,805.0 1,800.0
. NSAID *  '1,980.0 2,120.0 2,055.0 1,995.0 1,962.5 1,975.0
Ice -+ °1,550.0 1,567.5 1,562.5 1,620.0 1,557.5 1,600.0
'Ergometer ' 1,240.0. 1,245.0 1,235.0 1,232.5 1,237.5 1,225.0
. Ice’ .. .1,790.0 1,780.0 1,750.0 1,790.0 1,850.0 1,747.5
. ointment. ~ 2,410.0 2,552.5 2,455.0 2,540.0 2,422.5 2,460.0
‘Stretch. - 1,730.0° 1,750.0 '1,745.0 1,735.0 1,720.0 1,690.0
'Ergometer 2,085.0 2,277.5 2,120.0 2,175.0 2,160.0 2,155.0
' Ergometer 1,160.0 1,200.0 1,180.0 1,145.0 1,125.0 1,110.0
' Ice. . ©1,225.0 ?,180.0 1,180.0 1,215.0 1,200.0 1,170.0
. Ointment  1,135.0 1,140.0 1,145.0 1,125.0 1,130.0 1,150.0
- Ergometer -2,015.0 2,167.5 2,035.0 2,145.0 2,010.0 2,055.0
13 Pellets. = 1,622.5 1,710.0 1,632.5 1,615.0 1,615.0 1,605.0
014.  Ice 1,690.0 1,732.5 1,732.5 1,720.0 1,735.0 1,705.0
015 * Placebo . 1,417.5 1,187.5 1;400.0 1,315.0 1,385.0 1,305.0
016  Ointment 1,940.0 2,032.5 2,020.0 1,990.0 2,030.0 1,990.0
017 Ice 1,080.0 1,152.5 1,110.0 1,100.0 1,080.0 1,072.5
018  Stretch 1,727.5 1,790.0 1,727.5 1,730.0 1,730.0 1,760.0
019 Ergometer 1,907.5 1,950.0 1,905.0 1,940.0 1,945.0 1,950.0
020 NSAID 1,795.0 1,840.0 1,715.0 1,810.0 1,720.0 1,810.0
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Table I-6.

Continued.

Time
Subject Treatment AT 1 AT 2 AT 3 AT 4 AT S AT 6
021 Stretch 1,215.0 1,150.0 1,165.0 1,230.0 1,207.5 1,217.5
022 NSAID 2,085.0 2,115.0 2,090.0 2,097.5 2,105.0 2,100.0
023 Ointment 1,575.0 1,605.0 1,565.0 1,550.0 1,535.0 1,600.0
024 Ice 1,%930.0 2,010.0 1,677.5 1,890.0 1,887.5 1,910.0
025 Placebo 1,310.0 1,395.0 1,312.5 1,330.0 1,360.0 1,350.0
026 NSAID 2,255.0 2,470.0 2,410.0 2,325.0 2,345.0 2,380.0
027 Stretch 1,%900.0 1,913.0 1,880.0 1,802.5 1,850.0 1,840.0
028 Placebo 2,060.0 2,092.5 1,950.0 1,845.0 1,845.0 1,985.0
029 Pellets 1,640.0 1,692.5 1,640.0 1,615.0 1,707.5 1,685.0
030 Ointment 1,280.0 1,340.0 1,295.0 1,280.0° 1,280.0 1,280.0
031 Stretch 1,432.5 1,535.0 1,485.0 1,475.0 1,500.0 1,490.0
032 NSAID 1,985.0 2,040.0 2,050.0 2,025.0 2,050.0 2,080.0
033 Placebo 2,605.0 2,710.0 2,660.0 2,617.5 2,642.5 2,690.0
034 Stretch 1,620.0 1,735.0 1,680.0 1,650.0 1,612.5 1,627.5
035 Ice 1,600.0 1,752.5 1,685.0 1,622.5 1,615.0 1,622.5
036 Placebo 1,870.0 1,992.5 1,915.0 1,955.0 1,540.0 1,950.0
037 Pellets i,370.0 1,420.0 1,410.0 1,375.0 1,380.0 1,370.0
038 Ointment 2,305.0 2,410.0 2,380.0 2,247.5 2,330.0 2,302.5
039 Pellets 1,890.0 1,995.0 1,930.0 1,855.0 1,865.0 1,862.5
040 Ice 1;115.0 1,212.5 11,200.0 1,157.5 1,165.0 1,185.0

yot



":{YCBntinued-

. 050

Pellets

L \ Time

Subject Treatment ~~ AT 1 AT 2 AT 3 AT 4 AT 5 AT 6
-041 " . .NSAID - 1,265.0 1,365.0 1,300.0 1,295.0 1,267.5 1,277.5
7042 - Ointment 1,692.5 1,750.0 1,780.0 1,782.5 1,757.5 1,730.0
043 ‘Stretch 1,755.0 1,762.5 1,705.0 1,710.0 1,660.0 1,710.0
/044 Ice 1,785.0. 1,920.0 1,900.0 1,835.0 1,850.0 1,805.0
.'045  Pellets 1,245.0° 1,315.0 1,235.0 1,225.0 1,240.0 1,240.0
046 . Stretch  1,290.0 1,345.0 1,347.5 1,325.0 1,325.0 1,335.0
047 . Pellets 1,855.0 1,947.5 1,890.0 1,860.0 1,880.0 1,805.0
048 - Ice '2,290.0 2,360.0 2,305.0 2,345.0 2,297.5 2,302.5
049 - NSAID 2,050.0 2,145.0 2,090.0 2,090.0 2,050.0 2,010.0
‘Ergometer 1,405.0 1,445.0 1,440.0 1,440.0 1,395.0 1,445.0

.'051  Ointment 1,570.0 1,657.5 1,590.0 1,592.5 1,580.0 1,595.0
052 Placebo 1,252.5 1,275.0 1,250.0 1,265.0 1,277.5 1,250.0
053 - Stretch 1,745.0 1,810.0 1,750.0 1,705.0 1,810.0 1,710.0
054" Ointment 1,930.0 2,005.0 1,937.5 1,960.0 1,995.0 1,955.0
055~ Ergometer 1,655.0 1,770.0 1,675.0 1,655.0 1,660.0 1,685.0
056 Pellets 1,765.0 1,765.0 1,700.0 1,725.0 1,690.0 1,767.5
057 Placebo 1,040.0 1,085.0 1,077.5 1,110.0 1,112.5 1,145.0
058 Stretch 2,260.0 2,302.5 2,182.5 2,145.0 2,025.0 2,110.0
059 Placebo 2,040.0 2,175.0 2,080.0 2,042.5 2,027.5 2,065.0
060 2,117.5 2,205.0 2,160.0 2,105.0 2,150.0 2,125.0
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Table I-6.

Continued.

Time

Subject Treatment AT 1 AT 2 AT 3 AT 4 AT 5 AT 6
061 Ergometer 2,130.0 2,150.0 2,080.0 2,155.0 2,080.0 2,045.0
062 Pellets 1,472.5 1,512.%5 1,510.0 1,505.0 1,502.5 1,505.0
063 Pellets 1,685.0 1,712.5 1,685.0 1,720.0 1,722.5 1,700.0
064 Placebo 2,462.5 2,417.5 2,500.0 2,4%90.0 2,410.0 2,430.0
065 Ergometer 1,270.0 1,325.0 1,307.5 1,282.5 1,175.0 1,350.0
066 Placebo 1,275.0 1,310.0 1,322.5 1,320.0 1,320.0 1,372.5
067 NSAID 1,630.0 1,667.5 1,650.0 1,690.0. 1,695.0 1,672.5
068 NSAID 1,532.5 1,605.0 1,580.0 1,545.0 1,545.0 1,532.5
069 Ergometer 1,925.0 2,045.0 1,330.0 1,922.5 1,885.0 1,890.0
070 NSAID 2,110.0 2,172.5 2,165.0 2,135.0 2,145.0 2,150.0

Note. All measurements are expressed in milliliters.

991
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Table I-7. VAS Raw Dzta

Time
Subject Treatment AT 1 AT 2 AT 3 AT 4 AT 5 AT 6

Ointment 0.00 3.60 1.80 1.75 1.85° 1.10
NSAID 0.00 7.10 6.20 5.05 3.70 1.65
Ice 0.00 0.25 0.35 1.70 1.70 1.16
Ergometer 0.00 0.65 0.40 0.70 1.25 0.25
Ice 0.00 0.15 1.15 0.25 0.65 0.20
Ointment 0.00 6.90 3.20 4.20 4.05 2.55
Stretch 0.00 0.20 0.10 0.10 0.40 0.10

Ergometer 0.00 7.40 4.55 7.35 5.05 3.75
Ergometer 0.00 1.28 0.40 0.40 0.35 0.20
Ice 0.00 4.38 7.70 9.20 1.35 0.40
Ointment 0.00 0.95 1.55 1.55 1.85 0.75
Ergometer 0.00 3.20 4.45 1.30 0.70 0.15

Pellets 0.00 1.55 1.00 0.85 1.35 0.93
Ice 0.00 -6.05 0.75 3.00 2.00 0.55
Placebo 0.00 3.05 1.60 1.25 0.40 0.10
Ointment 0.00 2.60 0.90 0.75 1.05 0.35
Ice 0.00 6.20 3.00 2.05 3.40 0.90
Stretch 0.00 3.35 2.15 0.50 0.80 0.30
Ergometer 0.00 1.70 1.80 1.35 2.05 0.85
NSAID 0.00 1.20 ~ 1.30 3.20 4.0C 1.40
Stretch 0.00 3.25 1.80 3.10 1.00 0.40
NSAID ‘0.00 7.70 5.40 6.50 3.80 1.95
Ointment 0.00 0.60 0.70 3.25 2.75 0.35
Ice 0.00 0.45 0.20 3.50 1.20 0.25
Placebo 0.00 1.00 0.60 0.65 0.85 -~ 0.35
NSAID 0.00 1.65 1.65 2.50 4.40 2.55
Stretch 0.00 2.90 1.40 0.45 0.40 0.45
Placebo 0.00 4.55 1.70 0.65 0.40 0.35
Pellets 0.000 3.50 1.65 3.20 1.40 0.85
Ointment 0.00 1.20 1.00 4.85 7.20 2.75
Stretch 0.00 7.65 5.15 2.35 1.20 0.00
NSaID 0.00 7.40 4.95 3.20 2.15 1.50
_Placebo 0.000 3.10 1.05 0.60 0.40 0.10
Stretch 0.00 7.55 0.90 0.90 0.65 .35
‘Ice . 0.00° 5.70 2.15 2.63 1.15 0.65

 Placebo  0.00 7.30 4.45 1.25 0.95  0.70
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Continued.
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Time
Subject Treatment AT 1 AT 2 AT 3 AT 4 AT 5 AT 6
037 Pellets 0.00 0.60 0.45 2.30 2.70 2.40
038 Ointment 0.00 6.45 2.85 4.50 5.60 2.65
039 Pellets 0.00 0.40 0.55 0.80 5.45 4.25
040 Ice 0.00 5.00 2.50 1.00 0.50 0.20
041 NSAID 0.00 0.55 0.93 1.15 1.20 1.15
042 Ointment 0.00 7.95 3.30 4.90 7.90 2.15
043 Stretch 0.00 5.75 6.65 2.45 0.75 0.20
044 Ice 0.00 2.70 0.40 1.10 0.90 0.50
045 Pellets 0.00 7.05 5.20 1.40 1.40 0.45
046 Stretch 0.00 5.20 2.35 5.00 1.70 0.25
047 Pellets 0.00 5.95 5.15 3.85 1.55 0.90
048 Ice 0.00 5.90 0.90 7.50 7.60 6.95
049 NSAID 0.00 7.30 3.80 1.45 1.20 0.40
050 Ergometer 0.00 1.35 1.50 3.05 2.05 0.85
051 Ointment 0.00 2.90 0.96 0.85 0.66 0.50
052 Placebo 0.00 3.55 1.60 2.05 1.50 1.10
053 Stretch 0.00 6.75 5.10 2.80 © 3.35 2.50
054 Ointment 0.00 1.60 1.45 2.00 3.10 3.90
055 Ergometer 0.00 1.60 0.85 0.95. 1.20 0.70
056 Pellets 0.00 6.00 4.15 1.40 2.65 2.25
057 Placebo 0.00 7.80 3.10 2.00 2.55 2.00
058 Stretch 0.00 8.05 4.20 1.70 9.20 0.65
059 Placebo 0.00 6.70 5.45 5.90 3.70 2.00
060 Pellets 0.00 4.70 3.65 2.85 1.05 0.50
061 Ergometer 0.00 1.90 1.15 1.35 0.10 0.20
062 Pellets 0.00 1.70 3.05 3.20 3.50 '1.55
063 Pellets 0.00 3.00 1.65 6.10 2.50 0.25
064 Placebo 0.00 6.70 1.80 1.95 3.25 1.25
065 Ergometer 0.00 6.70 5.50 7.70 6.00 1.75
066 Placebo 0.00 1.50 1.40 1.95 3.10 1.40
067 NSAID 0.00 6.55 4.15 1.00 -0.40 0.30
068 NSAID 0.00 2.45 1.00 1.75 1.15 0.85
069 Ergometer 0.00 6.40 2.90 3.10 1.75 1.20
070 NSAID 0.00 1.25 1.40 2.25 1.20 1.15
Note. All measurements are expressed in centimeters.

The Visual Analogue Scale was 10 centimeters in length.
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MSI Raw Data
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3,41

Time

Subject Treatment AT1 AT 2 AT 3 AT 4 AT S5 AT 6
- 001 Ointment 3.17 3.60 4.04 3.77 3.07 3.14
002 NSAID 3.41 3.70 3.88 3.77 3.92 3.27
003 Ice 4.30 5.12 4.59 5.12 4.44 5.12
004 Ergometer 3.00 3.63 3.12 4.04 3.63 4.12
005 Ice 5.26 4.39 5.00 4.30 4.39 3.77
006 Ointment 2.10 3.05 3.70 2.85 2.81 2.94
007 Stretch 3.10 2.79 4.08 3.22 3.30 3.57
008 Ergometer 3.10 4.00 4.08 3.53 3.03 3.38
009 Ergometer 7.14 6.77 6.15 6.25 5.00 4.65
2.0 Ice 4.93 4.93 5.19 4.04 3.53 2.77
011 Ointment 4.54 4.59 4.3¢ 5.19 4.12 4.76
012 Ergometer 3.03 3.47 3.27 3.30 2.45 1.95
Pelléts ~  2.98 - 3.27 2.89 2.64 3.20 2.81
Ice 3.12 2.81 3.36 3.57 3.92 3.36
Placebo 2.38  3.03 3.14 3.22 2.87 3.44
Ointment 3.17 3.30 3.80 3.60 3.41 2.25
Ice 3.27 3.7 2.79 3.88 4.49 4.08
Stretch - 1.86 1.67 1.65 1.60 1.70 1.63
. Ergometer 3.25 3.47 3.14 3.27 3.03 2.94
»- NSAID: ©3.07 2.87 2.81 3.10 2.53 2.45
‘Stretch - 3.17 3.41  3.57 3.57 3.44 3.30
‘NSAID -~ 3.50 3.14 3.50 4.70 4.08 3.80
023 Ointment 2.09 2.68 2.27 1.89 2.22 2.15
024 Ice. . - 1.51 - 1.61 '1.33 2.01 1.43  1.26
25 - “~Placebo .- 3.27. 3.22  3.41 4.25 4.08 4.30
- NSAID. - 2.66 2.83 2.77 3.44 3.57 3.41
‘Stretch -3.41 4.25) 4:44 4.30 4.76 4.87
“Placebo: - 1.80° .1.92 2.64 2.61 2.28 2.48
" ‘pellets - 2.83. 2.53 2.63.. 2.81 ‘2.51 2.40
ointment .. 3.30° 3.96 = 4.€ 5.12 4.25 - 3.63
: stch - 3.63 - '3.66  4.16  3.27
_.2.87 2.77 2.38
. 3,22 3.03 2.73
°3.80. 3.92 3.14
3.30. - 3.22 3.20

73,80
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Table I-8. Continued.
Time

Subject Treatment AT 1 AT 2 AT 3 AT 4 AT 5 AT 6
037 Pellets 2.22 2.89 2.72 2.16 1.95 1.73
038 Ointment 2.35 2.81 3.36 3.50 3.27 2.73
039 Pellets 2.06 2.13 1.99 1.90 2.28 2.18
040 Ice 4.30 4.04 4.16 4.59 4.49 4.16
041 NSAID 2.02 2.15 2.50 2.31 2.11 1.86
042 Ointment 3.14 3.84 3.63 3.14 3.50 3.17
043 Stretch 3.03 3.41 3.14 3.50 2.94 2.51
044 Ice 2.58 2.68 3.00 3.00 3.03 2.35
045 Pellets 3.12 4.00 3.73 4.21 4.34 4.04
046 Stretch 2.18 2.40 2.56 2.91 3.05 2.72
047 Pellets 2.63 2.25 1.94 2.22 2.31 2.04
048 Ice 2.87 3.10 2.45 2.83 2.98 3.10
049 NSAID 3.00 3.17 3.66 3.77 3.25 3.96
050 Ergometer 2.96 _2.56 2.50 3.14 2.85 2.59
051 Ointment 2.00 2.38 2.36 1.91 1.81 1.63
052 Placebo 2.46 3.20 3.36 3.60 3.38 3.27
053 Stretch 3.12 3.73 3.92 3.30 3.60 3.27
054 Ointment 2.83 2.73 2.70 3.22 3.50 3.20
055 Ergometer 3.12 3.25 3.63 3.25 4.12 3.20
056 Pellets 2.46 2.64 3.20 2.70 3.03 3.10
057 Placebo 2.66 3.50 3.60 3.57 3.92 3.22
058 Stretch 2.51 2.27 2.45 3.03 2.83 2.51
059 Placebo 3.27 4.04 4.34 4.12 3.73 3.66
060 Pellets 2.98 2.94 3.12 2.94 2.51 2.51
061 Ergometer 2.89 2.83 -3.27 3.17 3.12 3.27
062 Pellets 2.70 2.94 3.30 2.31 2.73 2.36
063 Pellets 2.59 2.81 3.36 3.17 2.70 2.21
064 Placebo 2.48 2.59 2.70 2.75 2.68 2.59
065 Ergometer 2.64 3.22 3.84 3.57 3.60 3.53
066 Placebo 3.41 3.60 3.77 3.80 4.39 3.66
067 NSAID 3.88 4.00 4.34 3.30 3.27 3.47
068 NSAID 2.28 2.35 2.25 2.27 2.75 2.40
069 Ergometer 2.25 2.68 2.87 2.36 2.53 2.61
070 NSAID 2.87 3.10 3.03 2.91 2.79 2.36

Note. All measurements are expressed in 102 units.

Values are the inverse of pounds of pressure.
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Time
 .Subject Treatment AT 1 AT 2 AT 3 AT 4 AT 5 AT 6
Ointment 35.5 18.5 21.0 24.0 23.0 24.5
NSAID 22.0 21.5 19.5 18.0 22.5 22.5.
Ice 22.0 21.0 24.0 20.5 24.5 20.5
Ergometer 20.5 17.0 22.0 23.5 15.5 240
Ice 18.0 16.0 15.5 18.5 15.0 17.5
Ointment 49.5 31.5 26.0 42.5 42.5 44.5
Stretch 19.0 14.0 15.5 13.5 15.5 18.5
Ergometer 27.0 20.5 21.0 24.0 22.5 23.0
Ergometer 17.5 14.5 13.5 20.0 19.0 19.5
Ice 24.5 19.0 16.0 21.5 19.5 23.0
Ointment 20.5 14.0 13.0 15.0 13.0 17.0
Ergometer 24.0 22.5 18.0 21.0 27.5 29.0
Pellets 27.0 20.5 23.5 30.0 26.0 33.0
Ice . 20.0 18.0 13.5 18.5 19.5 24.0
Placebo 17.0 15.0 16.5 20.0. 18.0 16.5
Ointment 23.0 13.5 23.0 34.0 29.5 39.0
ice 21.0 7.5 15.5 20.0 22.0 21.5
Stretch  26.0 22.5 23.0 25.0 23.5 29.0
Ergometer 29.0 20.0 20.0 24.0 25.5 24.5
NSAID 23.5 19.0.. 22.0 20.0 23.5 23.5
Stretch 18.5 17.5. 21.0 13.0 15.0 15.0
NSAID. 36.5 23.0 24.0 34.0 36.5 36.0
Ointment - 38.5 24.0 28.0 34.5 26.0 31.0
Ice. . 25.0 24.0 20.5 28.0 28.0 -27.0
~ Placebo 18.5 15.0- -18.5 18.5 19.0 17.0
U NSAID' - . 29.5 19.0 .~ 20.0- 23.0 21.0 27.0
. ‘Stretch- .. 28.5 .21.0 20.0 22,5 21.5 25.5
:fplacebo 24,5 22.5 ~28.0 32.5  22.0 25.5
' '24:0- . 27.5-19.5. 25.0 22.0 21.0 -
°24.5 20.0 23.5  25.5 .24.5 24.5 -
.. stretch .. 23.5 :16.5 ..20.5  22.5 21.0 25.5
/NSAID . 23,0 = 25.0 29.5 28.0  35.5 - 35.5
-~ Placebo - - 355 - 27. § .30.0 ° 37.5 31.0. 39.0
. Stretch  21.5  18.0 20.0 20.5 20.0 23.0
o ( ©. . 27.0 18:5 118.0 ' 31.0  28.0 27.5"
Placebo : : 42.5 (]
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Time
Subject Treatment AT 1 AT 2 AT 3 AT 4 AT 5 AT 6
037 Pellets 22.5 16.5 19.0 21.5 22.5 28.0
038 Ointment 46.5 32.0 41.0 46.0 49.5 50.0
039 Pellets 27.5 19.5 23.5 24.0 18.0 27.0
040 Ice 21.0 18.0 19.0 20.0 22.5 24.0
041 NSAID 31.5 26.5 28.0 30.0 27.5 28.0
042 Ointment 28.5 24.0 25.0 27.0 27.5 30.0
043 Stretch 29.0 26.0 24.0 27.0 31.0 36.5
044 Ice 29.5 22.0 21.5 25.5 26.0 43.5
045 Pellets 19.5 18.0 19.5 20.0 22.5 25.0
046 Stretch 19.5 20.0 20.0 24.5 20.0 23.5
047 Pellets 23.0 26.0 23.5 23.5 28.5 26.0
048 Ice 36.0 35.5 34.0 34.5 23.5 28.5
049 NSAID 44 .5 21.0 24.0 33.0 40.0 32.0
050 Ergometer 24.0 20.0 20.5 21.5 26.0 26.0
051 Ointment 41.5 33.5 31.0 35.5 30.0 31.0
052 Placebo 19.0 9.5 18.0 . 17.0 15.5 21.0
053 Stretch 30.0 21.5 23.5 30.0 30.5 34.0
054 Ointment 35.0 27.0 29.0 26.5 30.0 33.5
055 Ergometer 32.0 23.0 22.5 32.5 31.5 28.0
056 Pellets 27.5 21.0 25.0 30.0 27.5 30.0
057 Placebo 20.0 15.5 16.5 17.5 18.0 22.0
058 Stretch 43.5 45.0 42.0 46.0 54.0 54.5
059 Placebo 5§3.0 18.0 24.5 43.0 46.0 50.0
060 Pellets 33.5 26.0 -28.0 32.0 37.5 35.0
061 Ergometer 29.0 29.0 30.0 40.5 20.5 35.0
062 Pellets 22.5 12.5 " 14.0 16.5 18.5 22.0
063 Pellets 29.0 26.5 27.5 29.5 30.5 33.5
064 Placebo 56.0 35.5 48.0 40.0 42.0 44.0
065 Ergometer 26.5 27.5 20.5 23.0 24.5 24.0
066 Placebo 29.5 16.0 16.5 15.0 19.5 20.0
067 NSAID 25.0 20.0 30.0 30.5 31.0 29.0
068 NSAID 38.0 25.5 30.0 31.0 33.5 35.5
069 Ergometer 49.0 29.0 30.0 33.5 43.5 45.5
070 NSAID 43.0 39.5 38.0 35.0 40.0 44.0

Note. All measurements are expressed in pounds.
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Time
Subject Treatment AT 1 AT 2 AT 3 AT 4 AT S5 AT G
001 Ointment 20.0 14.0 14.0 21.0 23.0 25.0
002 NSAID 20.0 9.0 10.0 15.0 16.0 17.0
003 Ice 6.0 8.0 5.0 9.0 11.0 10.0
004 Ergometer 10.0 7.0 8.0 12.0 7.0 9.0.
005 Ice 8.0 9.0 9.0 6.0 8.0 14.0
006 Ointment 23.0 14.0 15.0 13.0 17.0 15.0
007 Stretch 13.0 9.0 7.0 14.0 10.0 9.0
008 Ergometer 29.0 10.0 12.0 17.0 20.0 21.0
009 Ergometer 7.0 6.0 8.0 9.0 6.0 6.0
010 Ice 12.0 8.0 7.0 13.0 9.0 7.0
011 Oiatment 12.0 9.0 9.0 9.0 9.0 11.0
012 Ergometer 25.0 18.0 15.0 13.0 13.0 14.0
' Pellets 9.0 - 9.0 9.0 11.0 9.0 12.0
Ice 11.0 7.0 6.0 8.0 10.0 10.0
7 Placebo 11.0 7.0 10.0 11.0 9.0 16.0
016 Ointment 18.0 13.0 23.0 11.0 22.0 25.0
017 Ice 9.0 6.0 7.0 8.0 9.0 9.0
018 Stretch 27.0 13.0 13.0 21.0 24.0 24.0
019 Ergometer 120 9.0 12.0 .0 10.0 13.0
NSAID 15.0 11.0 = 11.0 12.0 16.0 15.0
Stretch 10.0 10.0 10.0 10.0 7.0 9.0
NSAID 22.0 7.0 8.0 23.0 22.0 21.0
Ointment 20.0 13.0 15.0 16.0 16.0 21.0
. Ice '13.0- 8.0 6.0 6.0 11.0 - 15.0
" “Placebo " 14.0 7.0 '10.0 13.0 14.0 14.0
- NSAID . .20.0 -~ 13.0 12.0 17.0 14.0 16.0
- stretch 11.0 9.0 9.0 - 13.0 12.0 9.0
Placebo 16.0 9.0 7.0 6.0 9.0 9.0
12,0 10.0- '12.0 13.0 15.0 14.0
15.0 - 8.0 °10.0 12.0 15.0 17.0
11.0° 6.0 . . 8.0 19.0 9.0 10.0°
NSAID: . 20.0 . 12.0. - 7.0 .0 .0 16.0
' 'Placebo: 20.0 . 17.0--17.0 .0 .0 15.0
. ‘Stretch: . 6.0 - 6.0 . 7.0 .0 .0 13.0
‘Ice . “17.0 -12.0 .0 - 14.0 .0 12.0
‘Pla ©32.0°°13.0: .0 .0 .0  30.0
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Table I-10. Continued.

Time
Subject Treatment AT 1 AT 2 AT 3 AT 4 AT S AT 6

037 Pellets 16.0 14.0 15.0 10.0 12.0 13.0
038 Ointment 34.0 20.0 26.0 28.0 29.0 34.0
039 Pellets 18.0 15.0 10.0 13.0 9.0 15.0
040 Ice 13.0 11.0 13.0 10.0 10.0 10.0
041 NSAID 14.0 11.0 12.0 12.0 13.0 10.0
042 Ointment 13.0 13.0 14.0 14.0 17.0 13.0
043 Stretch 17.0 17.0 9.0 16.0 15.0 19.0
044 Ice 17.0 8.0 8.0 10.0 7.0 13.0
045 Pellets 9.0 8.0 6.0 9.0 6.0 7.0
046 Stretch 9.0 10.0 9.0 13.0 13.0 15.0
047 Pellets 19.0 14.0 18.0 20.0 30.0 27.0
048 Ice 36.0 18.0 20.0 30.0 26.0 30.0
049 NSAID 24.0 . 9.0 15.0 19.0 24.0 23.0
050 Ergometer 7.0 7.0 10.0 11.0 15.0 12.0
051 Ointment 21.0 10.0 i2.0 20.0 18.0 19.0
052 Placebo 11.0 10.0 11.0 10.0 12.0 14.0
053 Stretch 19.0 7.0 11.0 13.0 17.0 16.0
054 Ointment 17.0 17.0 10.0 17.0 13.0 16.0
055 Ergometer 15.0 14.0 11.0 13.0 11.0 15.0
056 Pellets 21.0 14.0 19.0 19.0 16.0 23.0
057 Placebo 12.0 9.0 7.0 11.0 14.0 13.0
058 Stretch 26.0 25.0 24.0 26.0 25.0 25.0
059 Placebo 27.0 7.0 12.0 29.0 - 30.0 25.0
060 Pellets 19.0 . 11.0 14.0 15.0 18.0 19.0
061 Ergometer 18.0 15.0 15.0 22.0 26.0 24.0
062 Pellets 18.0 11.0 10.0 18.0 20.0 19.0
063 Pellets 14.0 17.0 12.0 13.0 15.0 14.0
064 Placebo 28.0 21.0 26.0 20.0 24.0 . 21.0
065 Ergometer 8.0 6.0 6.0 6.0 6.0 12.0
066 Placebo 14.0 8.0 9.0 9.0 10.0 2.0
067 NSAID 22.0 15.0 18.0 22.0 26.0 24.0
068 NSAID 18.0 13.0 13.0 14.0 15.0 15.0
069 Ergometer 27.0 14.0 17.0 21.0 21.0 22.0
0670 NSAID 20.0 22.0 21.0 15.0

19.0 17.0

Note. All measurements are expressed in foct-pounds.
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-~ Table I-ii. Eccentric Total Work Raw Data

Time
Subject Treatment AT 1 AT 2 AT 3 AT 4 AT 5 AT 6

001 QOintment 35.0 14, 15.0 26.0 29.0 29.0
002 NSAID 39.0 14. 17.0 25.0 27.0 24.0
003 Ice 14.0 8. 11.0 7.0 13.0 12.0
004 Ergometer 14.0 9. 13.0 8.0 10.0
005 Ice ‘ 8.0 5. 6.0 5.0 8.0
006 Ointment 40.0 19. 1 15.0 18.0 21.0
007 Stretch 17.0 5. . 14.0 9.0 9.0
008 Ergometer 41.0 13. 1 21.0 22.0 28.0
009 Ergometer 8.0 7. - 8.0 6.0 6.0
010 Ice 9.0 8. 16.0 11.0 9.0
011 Ointment 10.0 5. 3.0 8.0 9.0
012 Ergometer 33.0 1s6. 1 17.0 14.0 12.0
013 Pellets 13.0 - 10. 14.0 9.0 8.0
~:- 014 Ice 11.0 7. 10.0 15.0 12.0
.015 Placebo 16.0 3. 10.0 12.0 17.0
016 ointment 27.0 16. 2 17.0 19.0 24.0
017 Ice 14.0 5. 8.0 9.0 12.0
018 Stretch 43.0 14. 33.0 34.0 32.0
©.019 . Ergometer 10.0 4, 14.0 17.0

©020 ' NSAID 19.0 14.
1022 Stretch 16.0  10.
022 " NSAID 35.0 2.
023 . Ointment 26.0  16.

B
=N

o o

o o

'—l

()

o

37.0 32.0 28.0
24.0 22.0 23.0

A -
LNV A WO VOOV NN ONHWOOIAINDOADUWWAGNGRV

05 6 0000000000000 00C0000O0O00O0O00O0O0O0O0
WRT
ot N
coo

024 Ice -~ ., 26.0 16. 1 16.0 21.0 ° 23.0
025 - Placebo 20.0 7. 1 17.0 18.0 20.0
‘026 NSAID - 26.0 - 15 1 19.0 13.0 17.0

027 Stretch 12.0 8. . 12.0  12.0 8.0
028  Placebo ) 16,0 1 10.0 15.0 10.0
' 12, 1 17.0 . 19.0 19.0

6 ‘1 14.0 17.0 ~ 19.0

4.0 9.0 12.0 11.0

11.0. -1 17.0  22.0 23.0

28 -2 °26.0 -30.0° 22.0

6.0 6.0 8.0 9.0

4 17.0  15.0  17.0

000000 CO0O000000000000000000O0O00COO0O0O0OOO0

28.0 - 31.0 32.0
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Time
Subject Treatment AT 1 AT 2 AT 3 AT 4 AT 5 AT 6
037 Pellets 18.0 13.0 15.0 12.0 14.0 12.0
038 Ointment 41.0 18.0 21.0 27.0 27.0 42.0
039 Pellets 27.0 10.0 10.0 11.0 9.0 9.0
040 Ice 18.0 10.0 15.0 11.0 13.0 13.0
041 NSAID 17.0 10.0 15.0 15.0 16.0 13.0
042 Ointment 24.0 13.0 19.0 16.0 19.0 12.0
043 Stretch 20.0 12.0 11.0 14.0 14.0 12.0
044 Ice 28.0 8.0 iir.o 13.0 9.0 18.0
045 Pellets 12.0 5.0 3.0 6.0 6.0 6.0
046 Stretch 13.0 4.0 6.0 12.0 12.0 11.0
047 Pellets 33.0 13.0 22.0 29.0 42.0 38.0
048 Ice 46.0 16.0 26.0 36.0 29.0 33.0
049 NSAID 35.0 9.0 14.0 27.0 31.0° 31.0
050 Ergometer 11.0 4.0 10.0 14.0 17.0 13.0
051 Ointment 25.0 13.0 16.0 28.0 26.0 26.0
052 Placebo 11.0 6.0 7.0 8.0 4.0 10.0
053 Stretch 23.0 4.0 11.0 18.0 22.0 24.0
054 Ointment 23.0 19.0 13.0 9.0 15.0 21.0
055 Ergometer 18.0 10.0 12.0 14.0 11.0 21.0
056 Pellets 24.0 13.0 18.0 20.0 13.0 23.0
057 Placebo 14.0 7.0 5.0 9.0 12.0 13.0
058 Stretch 41.0 34.0 33.0 38.0 38.0 38.0
059 Placebo 33.0 5.0 12.0 30.0 30.0 33.0
060 Pellets 29.0 13.0 "21.0 19.90 25.0 25.0
061 Ergometer 24.0 21.0 27.0 25.0 27.0 27.0
062 Pellets 27.0 15.0 12.0 24.0 22.0 27.0
063 Pellets 18.0 15.0 13.0 10.0 11.0 11.0
064 Placebo 35.0 23.0 27.0 26.0 29.0 28.0
065 Ergometer 9.0 5.0 7.0 3.0 4.0 8.0
066 Placebo 19.0 8.0 14.0 12.0 12.0 13.0
067 NSAID 25.0 17.0 20.0 26.0 31.0 30.0
068 NSAID 17.0 10.0 6.0 17.0 17.0 18.0
069 Ergometer 34.0 13.0 19.0 24.0 28.0 34.0
070 NSAID 23.0 19.0 19.0 16.0 20.0  -19.0

Note.

All measurements are expressed in foot-pounds.
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Concentric Peak Torque Raw Data

Table I-12.

ime

AT 3 AT * AT 5 AT 6

AT 2

AT 1

Subject Treatment

6.0
7.0
2.0
3.0

Ointment
NSAID
Ice

001
002
003
004
005
006

5.0

.0

.0

2.0

2.0

Ergometer

Ice

7.0

Ointment
Stretch

3.0
8.0

2

007
008
009
010
011
012
013
014
015
016
017

. 018
019

Ergometer
Ergometer

Ice

.0

3.0
6.0
3.0

Ointment

Ergometer
Pellets
Ice

3.0
6.0

Placebo

Ointment
Ice

.0

7
4.0
4.0

Stretch

Ergometer
NSAID.

. 020

3.0
6.0
5.0

Stretch
NSAID

Ointment
Ice

4.0

Placebo
“NSAID

3

- ‘Stretch
“Placebo

400
3.0
14:.0-

 ointment -
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Continued.

Table I-12.

Time

AT 3

AT 6

5

AT

AT 4

AT 2

1

AT

Subject Treatment

4.0
11.0
5

Pellets

037
038

Ointment
Pellets

Ice

039
040

3

NSAID

041
042
043
044
045

Ointment
Stretch

Ice

4.0
5.0

3
3
6
10

Pellets

.0

Stretch
Pellets

Ice

046

047
048
049

7
3
5

NSAID

.0
.0

Ergometer
Ointment
Placebo
Stretch

050
051
052
053
054

3.0
5

4
4

.0
.0
.0

Ointment

Ergometer
Pellets

055
056
057
058

5.0
3.0
8.0
7.0
5.0
5.0
5
4
7
2
3

Placebo
Stretch
Placebo
Pellets

059
060

Ergometer
Pellets
Pellets

061
062
063
064
065
056
067
068

.0
.0
.0

Placebo

Ergometer
Placebo
NSAID
NSAID

6.0
4

.0

7
5

Ergometer
NSAID

069
070

All measurements are expressed in fnot-pounds.

Note.
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Eccentric Peak Torque Raw Data

. Table I-13.

Time

AT 3

: Subject Treatment

AT 5 AT 6

AT 4

AT 2

AT 1

Ointment
NSAID
Ice

.0

9
9
4
4

001

6
5

002
003
004
005
006

3.0

3

Ergometer

Ice

Ointment

.0
.0
.0

12

5
10
3

Stretch

007
008
009
010
011
012
013
014
015
016
017
018
019
020

Ergometer
Ergometer

Ice

Ointment

.0

4
9
4

Ergometer
Pellets
Ice

4
9

Placebo

10

.0

Ointment
Ice

.0

11

Stretch
. Ergometer

" NSAID

5
'5
5

.0

Stretch
NSAID

10.0
7

.0

Ointmeht
Ice

6
8

Placebo
NSAID

5.
7
6

Stretch
Placebo
Pellets

5.0
3.0
9

Ointment

Stretch
'NSAID .

1o0.

- Placebo
“scretch

- 3.0

- Placebo

1050 -
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Continued.

Table I-13.

Time
3

4 AT 5 AT

AT

1 AT 2 AT

AT

Treatment

Subject

5
11

Pellets
Ointment
Pellets

037
038
039
040
041

11

.0
8.0
5
5

6
7

.0

Ice
NSAID

Ointment
Stretch

.0
.0

042
043

Ice
Pellets

044

4
4

10

045
046
047

.0

Stretch
Pellets

10

12.0

10.0

Ice 13

NSAID

048

8
4
7
5
7
7
5
7
4

11

049

.0
.0
.0
.0
.0
.0

Ergometer
Ointment
Placebo

050
051
052
053
054
055
056

Stretch

Ointment
Ergometer
Pellets

.0
.0
.0

Placebo

057
058
059
060
061
062
063
064
065

10

10

Stretch
Placebo
Pellets

9
]
7

.0
7.0
6

10

Ergometer
Pellets
Pellets

.0
.0
.0

Placebo

4
5
7
5

Ergometer
Placebo

NSAID

NSAID
Ergometer 10.0

066
067
068

10.0

3.0

069
070

7

NSAID

All measurements are expressed in foot-pounds.

Note.
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Table I-14. Angle of Concentric Peak Torque Raw Data

Time
Subject Treatment AT 1 AT 2 AT 3 AT 4 AT 5 AT &

001 Ointment 48 43 48 48 45 40
002 NSAID 26 48 48 46 48 48
003 Ice 48 47 47 49 28 34
004 Ergometer 46 45 44 47 47 45
005 Ice 49 48 22 48 47 44
006 Ointment 9 36 28 47 20 44
007 Stretch 27 33 12 4 43 45
008 Ergometer 44 46 43 37 37 37
009 Ergometer 30 22 48 49 48 49
010 Ice 10 43 18 21 20 39
011 Ointment 4 44 43 40 48 44
012 Ergometer 35 25 1 23 47 42
013 Pellets 41 47 49 35 49 46
014 Ice 45 27 47 49 5 47
015 Placebo 40 32 0 33 43 21
016 Ointment 6 -2 9 15 -3 -19
017 Ice 2 9 49 48 48 31
018 Stretch 34 46 40 40 46 27
019 Ergometer 10 18 48 40 47 39
020 * NSAID 20 45 46 47 46 46
021 Stretch 47 48 36 21 -8 15
022 NSAID 31 20 48 48 41 5
023 Ointment 4 5 21 7 -12 2
024 Ice 48 -2 47 48 49 5
025 Plzcebo 31 47 = 42 44 47 44
026 NSAID 2 18 14 9 -6 26
027 Stretch -11 -17 8 -15 -3 -15

- 028 Placebo 24 43 45 49 -2 1
029 Pellets 10 -20 -8 12 -14 -6
030 Ointment 47 49 46 47 41 47
= 031 Stretch 27 48 49 49 47 40
-..032 NSAID 32 48 38 45 40 47
o Placebo 40 7 14 38 19 41
Stretch -19 -8 40 49 48 48

Ice 16 1 5 - -3 27 27

Placebo 33 46 42 37 40 40




Table I-14.

Continued.

182

All measurements are expressed in degrees.

Time
Subject Treatment AT 1 AT 2 AT 3 AT 4 AT 5 AT 6
037 Pellets 14 -12 -1 -18 44 47
038 Ointment 49 46 47 48 46 49
039 Pellets 40 10 18 -1 23 24
040 Ice 8 8 48 48 48 48
041 NSAID 30 18 47 48 34 -4
042 Ointment 20 42 35 19 14 -8
043 Stretch -13 13 -3 28 44 42
044 Ice 38 -35 48 40 43 34
045 Pellets -16 11 "8 15 16 12
046 Stretch 26 40 38 37 43 43
047 Pellets 41 48 48 46 42 42
048 Ice 37 42 42 46 27 46
049 NSAID 49 18 48 48 17 49
050 Ergometer -33 . -6 20 -6 -22 -8
051 Ointment 42 48 44 32 49 35
052 - Placebo 12 -2 37 36 36 36
053 Stretch 22 49 45 45 47 48
054 Ointment 19 35 48 33 49 40
055 Ergometer 48 25 47 10 43 46
056 Pellets 32 13 30 32 42 17
057 Placebo 46 7 49 19 47 44
058 Stretch 48 40 43 48 45 48
059 Placebo 33 49 29 32 30 15
060 Pellets 21 32 27 41 39 12
061 Ergometer 21 45 - 48 41 45 43
062 Pellets 23 36 19 45 14 15
063 Pellets 19 5 42 48 40 43
064 Placebo 10 -7 6 i8 38 31
065 Ergometer 9 21 17 48 31 -15
066 Placebo 16 28 2 47 22 -5
067 NSAID 29 41 33 27 25 39
068 NSAID 46 40 46 43 46 44
069 Ergometer 6 27 17 11 8 14
070 NSAID 14 -10 -34 -29 18 18
Note.



Table I-1S.

Angle of Eccentric Peak Torque Raw Data

183

Time

Subject Treatment AT 1 AT 2 AT 3 AT 4 AT AT 6
001 Ointment -2 -10 -9 ~-19 -26 -19
002 NSAID -1 15 -21 -26 -21 -25
003 Ice -32 -39 -29 -35 -30 -29
004 Ergometer -25 -45 -44 -40 -35 -42
005 Ice -34 -34 -43 -47 -11 -43
006 Ointment -25 -27 -17 -24 -28 -29
007 Stretch -27 -29 -28 -30 -29 -25
008 Ergometer -2 32 .23 20 18 -4
069 Ergometer -17 -38 -26 -31 -36 -34
010 Ice -33 -33 -31 -27 -20 -28
011 Ointment -39 -38 -34 -37 -34 -33
012 Ergometer 3 -22 -37 -22 -36 -15
013 Pellets -21 -25 -23 -24 -30 -17
014 Ice =27 T -39 -48 -28 -31 20
015 Placebo -11 -39 -37 -26 - -34 -28
016 Ointment -17 -34 -17 -12 -23 -25
017 Ice -18 -37 -22 -29 -9 -32
018 Stretch -16 -20 -32 -10 2 -29
019 Ergometer -19 -26 -7 -28 -11 2
020 NSAID -22 -24 -7 -27 -20 -14
021 Stretch -2 -36 -39 -35 -39 -34
022 NSAID 13 -47 -24 1 12 -12
023 Ointment -17 -27 -18 =25 -34 -22
024 Ice -5 -37 -26 -24 -16 -17
025 Placebo -13 5 9 -7 -12 -11
026 NSAID -7 -36 -30 -25 -27 -12
027 Stretch -27 -36 -32 -26 -32 -26
028 Placebo -31 -32 -37 -43 -29 -36
029 Pellets -22 -26 -41 -24 -27 -21
030 Ointment -4 -22 -6 -11 -12 -7
031 Stretch -26 -30 -29 -6 -19 -21
032 NSAID -18 -36 -15 8 -5 -28
033 Placebo -31 -26 -20 -21 -27 -19
034 Stretch -41 -36 -47 -41 -40 -39
035 Ice -16 -48 -17 -11 -14 -10
036 Placebo -2 8 4 0 0 2
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Table I-15. Continued.

Time
Subject Treatment AT 1 AT 2 AT 3 AT 4 AT 5 AT 6

037 Pellets -22 -27 -29 -32 -25 -19
038 Ointment -6 11 37 30 -16 10
039’ Pellets -18 -12 -16 -13 -21 -17
040 Ice -36 -48 -23 -19 -16 -15
041 NSAID -32 -45 -35 -37 -36 -29
042 Ointment -17 -21 -10 -18 -13 -14
043 Stretch -20 -14 -14 -17 -12 -10
044 Ice -23 -49 -23 -11 -6 -13
045 Pellets -35 -44 -43 -44 -42 -31
046 Stretch -29 -50 -29 -11 -19 -29
047 Pellets -10 22 34 21 9 -16
048 Ice 20 -12 6 20 11 25
049 NSAID -9 -19 -9 -9 -16 -2
059 Ergometer 2 -45 -37 -25 -25 -29
051 Ointment -9 -2 -21 -19 . -7 -7
052 Placebo -14 -36 -41 -38 -39 -38
053 Stretch -15 ~32 -5 -5 -16 -10
054 Oointment -25 -23 -34 -6 -14 -18
055 Ergometer -25 -49 -17 -37 -19  -21
056 Pellets -12 -41 -16 -1 -34 -8
057 Placebo -24 -40 -39 -37 -41 12
058 Stretch -6 4 4 11 -8 4
- 059 Placebo 4 -33 -19 3 0 2
060 Pellets -19 -31 -27 -16 -29 -22
061 Ergometer  -11 0 9 25 10 "8
062 Pellets -12 -30 -40 -22 0 -14
<063 Pellets -27 -16 -18 -19 -16 -19
. 064 Placebo -21 -35 -24 -30 -5 -23
065 Ergometer -31 -37 -34 -49 -35 -32
-2 066 Placebo -28 -31 -24 -30 -30 -30
067 NSAID -4 -10 -15 -21 -25 -21
7068 NSAID -21 -21 -18 -14 -15 -11
. 069 Ergometer -18 -37 -32 -30 -14 -20

070 NSAID ~ -26  -46  -45  -32  -21  -13

vug;g, All measurements. are expressed in degrees.




APPENDIX J
ANOVA TABLES FOR TREATMENTS AND TIME



Table J-1. Active Wrist Flexion ANOVA for Treatments and Time

Source - Ss df MS F P
Treatment 801.31 6 133.55 0.38 0.89
Exrror 22402.93 63 355.60

Time . 1315.79 5 263.16 10.66 0.00*
Treatment vs. Time 842.61 30 28.09 1.14 0.29
Error 7776.77 315 24.69

* Significant at p<.05 level

981



Table J-2. Active Wrist Extensicn ANOVA for Treatments and Time

Source ss df MS F P
Treatment ‘ 1741.69 6 290.28 1.03 0.42
Exror 17830.57 63 283.02

Time : 10765.22 5 2153.04. 61.11 0.00%*
Treatment vs. Time 845.33 30 28.18 0.80 0.77
Error 11098.5%0 315 35.23

* Significant at p<.05 level

{81



Table J-3. Passive Wrist Flexion ANOVA for Treatments and Time

Source ‘ ss df Ms F P
Treatment 1318.93 6 219.82 0.58 0.75
Error 24075.88 63 382.16

Time ' 808.40 5 161.68 9.65 0.00*
Treatment vs. Time 618.90 30 20.63 1.23 0.19
Error 5277.28 315 16.75

* Significant at p<.05 level

881
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Table J-5. Forearm Girth ANOVA for Treatments and Time

Source ss

df MS F P
Treatment 6220.35 6 ‘ 1036.72 0.51 0.80
Error 129190.87 63 2050.65
Time 205.60 5 41.12 39.41  0.00%
Treatment vs. Time 35.27 30 1.18 1.13 0.30
Error 328.67 315 1.04

* Significant at p<.05 level

06T



Table J-6. Limb Volume ANOVA for Treatments and Time

Source ss df MS F P
Treatment 3210027.97 6 535004.66 0.61 0.72
Error ' 55080334.77 63 874291.03.

Time 199838.79 5 39967.76 27.71 0.00%*
Treatment vs. Time 31783.55 30 1059.45 0.73 0.85
Error 454335.58 315 1442.34

* Significant at p<.05 level

161



Table J-7. VAS ANOVA for Treatments and Time

Source ss daf MS F P
‘Treatment 9.09 é 1.52 0.17 0.98
Error 555.38 63 8.82

Time 640.92 5 128.18 57.39 0.00*
Treatment vs. Time 81.61 3 2.72 1.22 0.20
Error 703.60 315 2.23

* Significant at p<.05 level

261
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Table J-11. Eccentric Total Work ANOVA for Treatments and Time

Sourée Ss df MS F P
Treatment 1849.13 6 308.19 0.99 0.44
Error 19655.45 63 311.99

Time 6153.13 S 1236.63 62.66 0.00%*
Treatment vs. Time 401.72 30 13.39 0.68 0.90
Error | 6186.65 315 19.64

* Significant at p<.05 level

961



Table J-12. Concentric Average Peak Torque ANOVA for Treatments

and Time
Source Ss df MS F P
Treatment 73.21 6 12.20 0.96 0.46
Error ) 799.55 63 12.69
Time 90.31 5 18.06 25.38 0.00*
Treatment vs. Time 18.04 30 0.60 0.85 0.70
Exrror 224.15 315 0.71

* Significant at p<.05 level

L61
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Tcble J-14. Angle of Peak Concentric Torque ANOVA for Treatments

and Time
Source SSs df MS F P
Treatment 2820.11429 6 470.01905 0.37 0.8971
Error 80674.13333 63 1280.54180
Time 3962.71429 ) 792.54286 3.65 0.0032+
0.68 0.8951

Treatment vs. Time 4458 .28571 30 148.60952

Error 68387.66667 315 217.10370

* Significant at p<.05 level

661
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APPENDIX K
NEWMAN-KEULS POST-HOC TABLES
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Table K-2. Newman-Keuls Procedure for Forearm Girth

Time
Mean. Assessment 1 6 5 3 4 2
136.2886 1
136.7743 6
136.8486 5
136.9843 3
137.1421 4
138.5471 2 * * * * *

* Significant at p<.05 level
Critical value = 0.7223

€02



Table K-3. Newman-Keuls Procedure for Limb Volume

Time

Mean - Assessment 1 S 6 4 3
1712.7500 1
1716.7500 5
1722.1071 6
1723.6786 4
1729.7857 3
1777.7571 2 * * * * *

* Significant at p<.05 level
Critical value = 26.8546

voe





































































