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ABSTRACT 

EFFECTS OF VARIOUS TRmTMENT TECHNIQUES ON 

THE SIGNS AND SYMPTOMS OF DELAYED ONSET 

HUSCLE 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 (MmS). Subject4 were 70 untrained 

volunteers 21 to 40 years old. W M S  was induced via 15 sets 

of 15 eccentric contractions of the forearm extensor muscles 

on the Lido isokinetic dynamometer. A pilot exercise bout 

was performed a minimum of 9 weeks prior to data collection 

to assure the production of DOMS. Baseline data included 

the following 15 dependent variables: active wrist flexion 

and extension, passive wrist flexion and extension, forearm 

girth, limb volume, Visual Analogue Scale, Muscle Soreness 

Index, isometric strength, concentric and eccentric wrist 

total work, concentric 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 ointment, and sublingual 

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 (pg.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 

treatments appeared to impede recovery of muscle function. 

The upper extremity ergometer treatment failed to 

significantly reduce edema or decrease muscle soreness. The 

ice massage treatment appeared to influence acute muscle 

soreness but was not effective in abating WHS. The static 

stretching treatment initially increased 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 symptolas of WMS. 
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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 "acutew and "delayed onsetn secondary to 

the time in which soreness occurs. Acute muscle soreness 

occurs during the final stages of fatiguing activity and has 

been attributed to ischemia (Dorpat 6 Holmes, 1955) and the 

accumulation of metabolic waste products (Friden, Sjostrom, 

& Ekblom, 1983; Taleg, 1973). Delayed onset muscle soreness 

(DOMS) occurs after exercise has been completed. WMS 

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 voluntary force production (Asmussen, 1956; Komi 

& Viitasalo, 1977: lalag; Tiidus & Ianuzzo, 1983). WHS is 

believed to result from eccentric muscle activity (Abbott, 

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



Newham, Mills, Quigley, & Edwards, 1983; Talag). Eccentric 

muscle activity is essential in activities of daily living 

(ADL) such as descending stairs, squating, lowering an 

object, and general coordinated activity. Athletic 

participation requires eccentric muscle force for activities 

such as l i m b  deceleration when throwing a ball and for 

control in lowering a barbell. The signs and symptoms of 

W M S  may impair function 24 to 48 hours posteccentric muscle 

activity, thereby, altering an individual's ability or 

willingness to perform ADLs, therapeutic exercise, or sports 

participation (Francis & Hoobler, 1987). A means of 

reducing the signs and symptoms of WMS, without 

ompromising the intensity of the activity, would restore 

scle function and allow an individual to resume ADLs, 

habilitation, or sport participation. 

No intervention stategies currently exist for 

nting WMS. The only alternative is to treat the signs 

tons of Do- after they occur. Numerous 

ators have attempted to identify treatments for W M S  

1977; Buroker & Schwane, 1989; Denegar, Perrin, 

1989; Hasson, Barnes, Hunter, & William, 

& Jones, 1986; Hill & Richartison, 

of the studies 

088 of DoHs; 

crrent of muscle 
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soreness (Abraham; Hasson et al.; Beadley 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. 

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, Annstrong, & 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 Arnrstrong (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 spasm theory. 

Disruption of the contractile component was the emphasis of 
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the torn tissue theory. Numerous investigators, dating back 

to Hough (1902), demonstrated that the z-lines were the 

nweak linkn 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, 

Mills, & Edwards, 1983). Eccentric activity preferentially 

recruit the IIb fibers and produces nstreamingn of the z- 

lines in the type IIb fibers (Friden, 1984; Newham, McPhail, 

et al.). Muscle biopsy studies support the torn tissue 

theory via the appearance of muscie 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, 

Sfakianos, & Hargens, 1986). The oblique orientation of the 

fibers of the muscle at the insertion may make these fibers 

more susceptible to mechanical trauma (Newham, Mills, et 

al., 1983). The presence of hydrowyproline (OHP) in the 

eccentrically active muscle confirmed the breakdown of 

connective tissue (Abraham). Maximal levels of OHP occurred 

at 48 hours postexercise which was consistent with the peak 

of WHS (Abraham, 1977). The enzyme efflux theory was based 

upon i+e belief that various collagen and protein 

metabolites ray be released into the extracellular spaces 

(Armstrong, 1984). The intensity and duration of the 

eccentric mu~cle activity influenced the membrane 



permeability and the amount of fiber degeneration. Creatine 

phosphokinase (CPK) levels markedly increased posteccentric 

muscle activity but the tine at which CPK peaked was 

variable and did not always correspond with the peak of W M S  

(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 signif ic'antly decrease DOMS (Lane, 
Turnbull, Welch, & Walton, 1986). The accumulation of 

histamine, kinins, and potassium in the interstitium have 

also been suspected of contributing 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 cell membrane and into the extracellular spaces, edema 

results. Eccentric activity has been known to be associated 

with a compartment syndromen (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 W M S  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 studies by deVries (1961) 

o 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, 

984; Friden, 1984; Hough, 1902; Newham, McPhail, ot al., 

983). A single substance has not been directly correlated 

with the enzyme efflux theory but the rationale is 

nsistent with that of the tissue fluid theory (Armstrong; 

well et al., 1985; Stauber et al., 1990). The potential 

ists for the cause of WHS to b6 a combination of these 

ories. Therefore, treatments may also involve a 

ination of techniques. 

Despite the fact that the pathophysiological mechanisms 

mains unresolved, there have been a number of 

reatmnt techniques. The goal of treatment is to 

1 function of the eccentrically sxerciaed 

ly as possible. Non-steroidal anti- 

gs (NSAID) are inhibitors of several steps 

idonic acid pathway of prostaglandin 

One of the modes of action is to 

thesis at the site of inflammation. 

address exercise- 

nnelly, mughan, 

ghan, Whiting, C 



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 

effect on the perception of muscle soreness. Interestingly, 

the spacing of the trials of eccentric muscle activity 

ranged from 3 (Janssen et el.) to 10 (Donnelly et al.) weeks 

apart but in all cases, soreness perception for the last 

trial was considerably lower thanrthat of the first trial. 

This long-lasting prophylactic effect on muscle soreness has 

been identified as the "repeated bout effectn by Byrnes et 

al. (1985). 

studies involving ibuprofen (Donnelly et al., 1990; 

Hasson et al., 1993) revealed contradictory results. 

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 ale reported a 

reduction in the symptoms of DOHS 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 DOHS 



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 el.). 

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 groups, but the soreness 

ing was significantly reduced in the treatment group. 

means by which the TSC aided in decreasing the level of 

eness was not addressed. Ciccone, Leggin, and Callamaro 

) examined TSC with and without ultrasound on DOHS. 

and TSC with ultrasound was ineffective in decreasing 

and ultrasound alone enhanced the symptoms of DOEIS. 

and muscle function was significantly better when 

the control group. The authors theorized that 

oscillation of the pulsed ultrasound altered 

ability and the pressure gradient across 

concentric 



activity (Friden, 1984; Staff, 1988). The popular belief 

that muscle soreness can be alleviated by "working it outw 

has been implen,.nted for many years (Hasson et al.). The 

execution of high velocity concentric muscle activity after 

inducing WMS 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 edema, volumetric 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, & Scham, 

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 (Isabel1 et al., 1992). Although 

not statistically significant, some interesting trends 

resulted. The authors concluded that cold application m y  



adversely affect the adaptation and repair of the tissue 

responsible for the sym2toms of DOMS. 

Researchers have investigated the effects of warm-up, 

preexercise (High, Howley, & Franks, 1989),'and postexercise 

(Abraham, 1977; Buroker & Schwane, 1989: devries, 1961; 

McGlynn, Laughlin, C Roue, 1979) stretching on WMS. The 

results were as varied as the stretching techniques. 

Neither submaximal warm-up nor preexercise stretching 

significantly influenced the preception of DOMS (High et 

1.). The results of Buroker and Schwane showed that static 

tretching did not alleviate DOHS. Published studies in 

ich the muscle stretching technique is standardized do not 

exist. A recent study by Bandy and Irion (1994) indicated 

15-second static stretch of the hamstrings muscles 

rmed 5 times per week for 6 weeks was more effective 

o stretching at all. A 30-second stretch was found to 

gnifioantly greater ROH than the 15-second 

minimal increase in flexibility of the 

s was gained by increasing the duration of 

to 60 seconds. R. Nyberg (personal 

ember, 1983) reported that it took at 

stretch the muscle into the plastic zone 

If long lasting soft tissue 

a sustained stretch of at least 8 
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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 

cold 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 stretching. 

The use of Arnica, L. as a medicinal plant 

dates back to the 16th century and has recently been 

reintroduced (Willuhn, 1991). is more 

commonly known as Mountain Daisy. In 1982, a c a  nf&am 

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). 

ca montana is available in ointments, sublingual 

pellets, and tinctures. Tveiten, Bruseth, Borchgrevink, and 

Lohne (1991) examined the effects of lvnica pellets 

on blood enzymes and muscle soreness in marathon runners. 



lood enzyme levels were not significantly different between 

01 groups but muscle soreness 

as reduced in the lvnica group. Studies by Czygan, 

mper, Reuter, and Weiss (1991) on subjects with chronic 

nous insufficiency (CVI) revealed topical 

pplication to have a positive influence on edema. Although 

is approved by the Federal Food, Drug and 

smetic Act (FDA), the research available is extremely 

imited (Castro; Czygan et al.; Kowalchik & Hylton, 1987; 

Tveiten et al.; Willuhn, 1972; Willuhn, 1991). The 

idespread pharmacodynamics of the Arnica plant 

uld stimulate interest in the effects of this herb. 

rticular interest for sbrts medicine should be the 

luence of W c a  on soft tissue trauma and 

The literature on the etiology of WMS is plentiful but 

material addressing WMS treatment is limited and 

ctory. Hethodology changes in the administration of 

treatment techniques may provide interesting results 

s and symptoms of WMS. None of the studies 

11 of the symptoms of WHS. Previous research 

sful at generating muscle soreness with 150 

c contractions at various joint velocities 

; Denegar & Perrin, 1992; Donnelly, 

; Hasson et al., 1989; Hasson et 

1992). Low velocity eccentric 
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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). - 
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 

m o n t u  ointment, sublingual Arnica pellets, and a 

placebo on active and passive ROM, forearm girth, limb 

volume, muscle soreness, and muscle function. 

HvDotheses 

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 W M S  is induced. 

4. There will be no significant difference in muscle 

function among the treatment groups after DOMS is induced. 



5 .  There will be no significant difference in the 

signs and symptoms of DOMS among the treatment effects 

across time. 

Research Desisn 

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 

ccentric wrist extension average peak torque, and 

oncentric and eccentric angle of peak torque for wrist 

xtension. The 7 treatment methods were the anti- 

flamatory medication oxaprozin (Daypro, Searle 

utical, Skokie, IL), high velocity concentric muscle 

via an upper extremity ergometer, ice massage, 

tching, 4% topical Arnica ointment 

ad, PA), 6C sublingual Arnica pellets 

od, PA), and a placebo. 
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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 

consent 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 qiiostionnaire 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 experimental procedure 

via 1 practice session and were made aware of the possible 

risks involved. Subjects were instructed to abstain from 

all vigorous physical activities and from all medications 1 

week prior ta and during the data collection phase of the 

study. 

tatim 

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 



cluded a standard goniometer, a Gullick anthropometric 

uring tape, an upper extremity volumeter, a VAS, a Model 

orce probe, a MicroFET dynamometer (Hoggin Health 

stries, Draper, UP), and a Lido iookinetic dynamometer 

edan Biomedical, West Sacramento, CA). 

m. A goniometer is a double-armed, full circle 

actor with 31-centimeter long arms that is marked off 

egree increments and used to measure joint ROH. The 

bility of goniometric measurements using a standard 

ic goniometer was studied by Boone, Azen, and Lin 

a ) ,  Low (1976), and Rothstein, Miller, and Roettger 

. Rothstein et al. ,found intratester reliability to 

en r = .91 and r = .99. The investigator's 

ric reliability was tested at r = .98 for active and 

ve wrist flexion and extension (see Appendix E). 

The Gullick anthropometric tape was imported 

an and assembled by Fabrication Enterprises 

) This measuring tape was equipped with a 

d of the tape to assist the investigator in 

ant amount of tension during the 

to assess 
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plethysmograph. Studies utilizing a volumeter have h e n  

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 

circumferential 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. A YAS was selected to assess the 

subject's level of muscle soreness. The VAS consisted of a 

lo centimeter line with descriptors at each end. The left 

end descriptor was no soreness at ell and the right end 

descriptor was ~ p k i e n e ~ ~  as M as it co- (see Appendix 

F). The VAS has been used as a valid and reliable 

measurement for determining the intensity of human pain (Lee 

& Kieckhefes, 1989; Price, McGrath, Rafii, 61 Buckingham, 

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. 



ared the force gauge probe to weights traceable to the 

nal Bureau of Standards. Reliability of the instrument 

r = .99. The investigator's muscle probe reliability 

r = .95 (see Appendix E). 

H w i .  The MicroFET dynamometer was used to 

sure isometric wrist force. The MicroFET dynamometer is 

icroprocessor-controlled, hand-held transducer which 

res force in a perpendicular direction. The MicroFET 

ometer is equipped with 3 strain gauges to measure 

ctors from 3 directions to provide accurate results 

5). Allsop and Vanwagoner (1987) reported the MicroFET 

mometer to have a coesficient of variation of less than 

. The investigator8s MicroFET dynamometer reliability 
= .97 for wrist extension (see Appendix E). 

The Lido isokinetic dynamometer was used to assess 

ric and eccentric force production, and to induce 

e eccentric mode. Validity and reliability of 

studied by Patterson and Spivey (1992). The 

of angular velocity from the selected 

es per second. The Pearson product 

ad torque averaged r = 1.00. 

e ~ e d  and expected torque 

trated that the Lido 

reliable for the 



P- 

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 1-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 anatomically 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 WMS from 

this protocol. The assumption was that if WMS was 

experienced as a result of the pilot study, it would also be 

experienced in the repeat performance of the same amount of 



Figure 1. Lido Isokinetic Dynamometer 
Exercise and Test Position 
for Concentric and 
Eccentric Wrist 
Extension 

eks later. The ability to draw 

e rating 24 and 48 hours 
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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. - 
Data collection began a lainimum 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 perform 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) In, were obtained for 

all subjects. This included active-and passive ROB! of the 

wrist, forearm girth and volume, mugdle soreness via VAS and 

modified punctate test, and muscle function via isometric 

force production and isokinetic testing. 

M. 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 elbow stabilized 

in full extension and the mist pronated. Each measurement 

was taken twice with the average recorded by the researcher. 



. Forearm circumferential measurements were 
rmed with a Gullick anthropometric measuring tape. 

tape measure is equipped with a strain gauge to ensure 

stent tension on the tape for reliable measurements. 

icondyles of the humerus were identified with a 

ent marker. Additional marks were placed on each 

t's forearm at 2.5, 5, 7.5, 10, and 12.5 centimeters 

to each epicondyle. Both epicondyles were utilized 

irth measurements to ensure consistent circular 

ts. Measurements were taken to the nearest 

er. The average of 2 measurements was calculated 

ded for each circumferential site. 

Upper extremity edema was evaluated with a volumeter. 

ct was instructed to slowly submerge his/her non- 

r extremity in the 33 degree Celsius water bath. 

cradled 1 of 3 internal handles of the volumeter 

of the hand. The wrist and fingers remained 

ndle selected was based on the length of 

e most superiorly located handle which 

nts. The water 

ly collected in a 

linder. The subject 



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 m. 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 "xn 

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 119 1401:- 

fi 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; Newham, 

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 



Figure 2. Muscle Soreness Grid 

in subsequent evaluations. The measurement device consisted 

of a blunt 2-millimeter probe attached to a force gauge 

with a capacity of 14 pounds and sensitive to 4-ounce 

increments. A gradually increasing force was applied to 

each site. Each subject was asked to verbally indicate when 

the applied force surpassed skin tension and reached a level 

of muscle discomfort. If a force of 14 pounds was obtained 

, without the report of discomfort, muscle soreness was 

considered not present at that location. Unlike all other -. 



measurements in this study, the measurements with the force 

gauge were only taken once at each of the 10 sites. ft was 

determined 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. 

cle 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 testn (Daniels & 

Worthingham, 1986). The maximum force generated was 

measurea 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 



at 30 degrees per second. As per Loredants 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 torque, 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 

assessments were recorded on a new data sheet to avoid 

biasing the investigator with previous measurement data (see 

Appendix G). These measurements taken immediately after the 

exercise session were identified as AT 2. 

Treatren+ 
The subjects were randomly assigned to 1 of 7 groups. 

The subjects were not provided with any infokation 

regarding prior research or anticipated treatment effects to 

avoid biasing subjects. The subjects in Group A were given 



a 1,200-mg dose of the anti-inflammatory medication, 

oxaprozin, immediately after the eccentric exercise. A 

supplemental ltloading dosew of 600 mg was taken 12 hours 

later. Instructions were giveir 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 per minute (RPM) 

without resistance for 10 minutes immediately after AT 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 cup melted to the point 

at whish 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 

extensors in the seated position immediately after AT 2. 

  he 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 

Arnicamontana. A thin layer (approximately 0.5 grams) of 

4% topical A r n i c a w ' o i n t t m e n t  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 

unlabeled Arnica tube. 

Group F was given a sublingual form (6C) of Arnica 

montana. Subjects were asked to take 3 pellets (50 grams 

each) immediately after AT 2. They were instructed to take 

3 pellets sublingually every 8 hours for the next 3 days. 

Specific times were given to each subject to correspond to 



the 8-hour dosing. The identical instructions 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 followilig 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 elapsed times. Each subject in Groups 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. 



Twenty minutes after the completion of AT 2, all 

reful 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 

subjects in Groups A, E, F, and G were checked for 

ated from the study. ROM, girth, volume, soreness 

remity was reassessed in the order previously outlined. 

d with the permanent marker for future 

ion. Subjects were reminded to refrain from 

y during data collection. Treatment 

ring follow-up sessions howaver 

ntervention (see 

and inspected. 



Tubes of m c a  m o n u  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. 

Statlstlcal Analvs,s 
. . i 

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 edcentric total work, 

concentric and eccentric average peak torque, and concentric 

and eccentric angle of peak torque data. Neman-Keuls post- 

hoc tests were used to determine where significant 

differences occurred between and within groups (pc.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 (pc.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 



Appendix J). Newman-Keuls post-hoc tests (see Appendix K) 

were performed when the main effects were statistically 

significant (pq.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 (pC.05). 

BP13 

Active ROH measurement data for wrist flexion were not 

significantly different among treatment methods (see Table 1 

and Figure 3). The F value for the assessment times was 

statistically significant (F = 10.66, pq.00) but no 2 groups 

were siqnifi~antly Uifferent at the gc.05 level i n  the post- 

hoc analysis. Active ROH measurements 'for wrist extension 

were not significantly different among treatments but there 

were significant differences among assessment tires. AT 1 

was greater than AT 2, AT 3, AT 4, and AT 5. AT 2 was lees 

than AT 4, AT 5, and AT 6. AT 3 was also less than AT 6 

(see T e b l e  2 nnQ Figure 41. 



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 74.20k 6.76 68.65k 7.70 70.65i 6.74 67.45i 7.93 66.35i 6.46 68.80i 7.57 

Ergometer 74.15i 8.14 72.85k 5.82 73.05k 6.64 70.25i 7.41 70.45i 5.78 73.20k 7.38 

Ice 74.90i12.94 74.85k 8.71 72.85i 8:36 67.30i11.58 72.35i12.26 76.10k11.85 

Stretch 75.55k10.16 70.60i13.73 76.05i12.84 75.25i 9.67 73.50i11.06 74.35k 8.93 

Ointment 76.95i 7.17 70.15k 8.47 73.35k 7.58 67.80i11.74 70.70i 9.92 72.60k 8.76 

Pellets 76.05k 3.74 71.20k 9.36 73.35i 8.65 71.60i 7.60 69.70i 9.19 69.75k 9.76 

Placebo 75.55i 7.15 72.20k10.98 74.05i 8.80 71.40i 6.41 70.50i 5.35 72.80i 5.58 

Grand Mean 75.34k 2.95 71.49i 5.90 73.34k 4.69 70.15i 8.50 70.51k 6.58 72.51i 7.39 

&U. All values are expressed in degrees. 









Passive RON 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<.OO; F = 13.10, pe.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. 

Edeaa 

Forearm girth (see Table 5 and ~igure 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 limb v o l u ~ ~ .  The 

Pearson product rorent correlation cwfficients w r e  -.98 

and -.95 for forearm girth and muscle soreness and l i d  

volume and muscle soreness, respectively. - 
The VAS data were not significantly different among 

treatments but were significantly different among asse6smnt 

times. AT 1 was greater than AT 2, AT 3, AT I ,  and AT 5 and 

AT 2 was less than AT 3, AT 4, AT 5, and AT 6 for all 

treatment groups (see Table 7 and Figure 9). The HSI data 

were not significantly different among treatments. 



Means and Standard Deviations for ~;eatments and Time 

Time 

76.40k 4.74 78.70k 5.10 75.10k 6.24 74.30k 7 .18  75.30k 6.15 

Pellets 83.30k 4.08 78.90*10.56 81.70k 8.25 78.50k 7.56 7 8 . 5 0 i  9.63 77.40k10.07 

Placebo 84.00k 8.04 83.80k 7 .21  82.00k 6.55 81.50k 5.60 79.60k 3.53 80.50k 5.46 

Grand Mean 82.59k 2.85 80.31k 6.96 81.56k 5.37 78.91k 8.14 78.68k 6 .79  79.86k 8.90 

W .  All values are expressed in degrees. 
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Standard Deviations for Treatments and Time 

Time 

NSAID 143.41i16.10 147.25i16.56 145.05i16.10 144.95i15.91 144.61i16.09 144.70i16.43 

Ergometer 135.96i19.58 137.82i20.13 136.31ir9.72 136.67k19.99 136.10+.19.50 131.96i19.14 

Ice 131.27i19.00 132.63i19.90 131.31i19.35 132.04i18.52 131.33k18.42 131.06i18.63 

Stretch 134.99i15.02 136.47i14.71 135.87i15.14 135.60i15.75 135.45i15.79 135.28i15.61 

Ointment 138.79k17.96 140.77i19.34 138.94i17.70 139.45i18.60 138.82i18.50 139.07i18.30 

Pellets 134.13i13.44 137.06i14.52 135.23i14.18 134.91i13.78 135.46i13.83 135.09k13.97 

Placebo 135.50i24.67 137.86k25.08 136.20i24.94 136.40i24.54 136.19i25.13 136.27i24.99 

Grand Mean 136.29i11.29 138.55k13.27 136.98k12.33 137.14i11.98 136.85k11.92 136.27k13.47 

m. All values are expressed in centimeters. 









reatments and Time , 

Time 
AT 3 AT 4 AT 5 AT 6 

Ergometer 0.00k0.00 3.21k2.58 2.35k1.88 2.72k2.68 2.05k1.96 0.99k1.09 

Placebo 0. O O i O  . 00 

Grand w a n  O.OO*O.OO 

m. All values are expressed in centimeters. 





alue for the asseesment times were significantly 

nt (F = 10.89, pe.00) but the differences among the 

in the post-hoc analysis were not greater than the 

a1 value at the pq.05 level (see Table 8 and Figure 

The Pearrron product m n n t  correlation coefficients 

98 and 9.99 for active wrist flexion and muscle 

and active wrist extension and muscle soreness, 

c force data of the wrist extensore were not 

y different among treatments but were 

different among assessment times. AT 1 was 

AT 2 and AT 3. AT 2 was less than AT 4, AT 5, 

986 than AT 6 (6- Table 9 and Figure 

c work product 

treatments 

ti-. AT 







Table 9 .  Isometric Wrist Extension Means and Standard Deviations for Treatments and Time 

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

NmID 31.65k 8.43 24.00k 6.07 26.50k 5.69 28.25k 5.94 31.10k 7.14 31.30k 6.60 

Ergometer 27.85k 8 .56  22.30k 4.94 21.80k 5.00 25.25k 6.76 25.60k 7.75 27.85k 7.46 

Ice 24 .40 i  5.34 19.95k 7.03 19.75k 5.94 23.80k 5.65 22.85k 4.09 25.70k 7.10 

Stretch 25.90k 7.53 22.20k 8.69 22.95k 7 . 1 1  24.4% 9.28 25.20k11.43 28.50k11.18 

Ointment 34.40f 9.93 23.80k 7.26 26.05k 7.25 31.05k 9.25 29.55k10.13 32.50k 9.84 

Pellete 25.6ok 4.06 21.40k 4.99 22.30k 4.30 25.20k 5 .07  25.35k 5.94 28.05k 4.79 

Placebo 30.65k14.12 19.60k 7.48 24.75k10.03 28.80i12.42 27.35k11.92 28.70k11.92 

Grand Mean 28.64k10.80 21.89k 5.02 23.44k 7.15 26.84k 7.70 26.71k 8.20 28.94k 6.65 

All values are expreeeed in pounds. 





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 19.50k3.10 12.20k4.15 12.70k4.32 16.10k4.06 18.10k4.45 17.40k4.19 

Ergometer 15.80k8.52 10.60k4.32 11.40k3.53 13.30k5.22 13.50k6.91 14.80k5.82 

Ice 14.20k8.44 9.50k3.47 9.90k4.48 11.40k7.04 11.40k5.39 13.00k6.44 

Stretch 14.90k7.17 11.20k5.88 10.70k5.01 14.40k5.42 14.70k5.98 14.90k6.10 

Ointment 19.30*6.25 13.10t3.60 14.80k5.59 16.10k5.66 17.90k5.60 19.60*6.8& 

Pellets 15.50k4.30 12.30t2.90 12.50k4.06 14.10k3.81 15.00k6.84 16.30k5.79 

Placebo 18.50 i7 .80  10 .80 i4 .77  13.40k6.97 15.60*8.16 17 .10 i8 .10  16.60k6.78 

m. All values are expressed in foot-pounds. 
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also less than AT 6 (see Table 11 and Figure 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 ahd Figure 17) wrist extension were 

not significantly different among treatrents. The peak 

torque angle data for eccentric wrist extension were not 

significantly different among treatments. The F values were 

significantly different for assemsrent times (F = 3.65, 

p<.OO; F = 7.93, pe.00) but the means were not greater than 

the critical value of the post-hoe analysis at the pe.05 

level. 

Discussion 

Since the precise pathology of DOHS is unknown, 

determining an appropriate course of treatment is difficult. 

Previous researchers (Buroker & Schwane, 1989; Ciccone et 

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



and Standard Deviations for Treatments and Time 

Time 

Ointment 26.80k 9.70 13.90k 4.95 16.00k 5.61 17.20k 8.27 2 0 . 0 0 ~  6.27 22.60r 9 .10  

Pellet8 22. OO* 7 .03 11.9Ok 2.96 13.80k 5.88 1 6 . 2 0 ~  6 -98  17.00&10.68 17.80k10.35 

Placebo 24.60k 9.92 11.80k 8.39 14.60k 8 .09  17.60k 8.92 1 9 . 3 0 ~  9.85 20.40k 8 .18  

Grand Mean 23.00k 9.80 11.24k 4.99 13.27k 4.94 17.06k 6 . 8 8  17.91k 8.93 19.01r 7 .86  

m. All values are expressed in foot-pounds. 













m. A l l  values are expressed in  degrees. 









Donnelly et al., 1988; Francis & HoobPer, 1987; Hasson et 

al., 1989; Hasson et al., 1993; Hasson et al., 1990; Hasson 

et al., 1992; High et al., 1989; Hill & Richardson, 1989; 

Janssen at al., 1983; Kuipers et al., 1985; Yackzan et al., 

1984) have attempted to prevent and treat the various 

symptoms of DOMS. Based on previous studies and basic 

physiology, the 6 treatment techniques were selected end 

compared to a placebo (control) to investigate their 

influence on the symptoms of DOMS. The purpose of the study 

to evaluate the efficacy of 6 treatment methods in 

the symptoms of WlnS and in restoring muscle 

The method selected for inducing WMS was deemed 

the data for all of the dependent variables 

1 to AT 2. Nine of the 15 dependent 

ly different pre (AT 1) and 

Once DOMS was induced, none 

o significantly influence ROH, 

muscle function. However, there 

es to the treatment techniques. 
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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 a 

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 muscles was apparently 

effective in maintaining active wrist flexion for at least 

72 hours. After AT 5, the 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 
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4 to AT 5 in all groups except the 

ment group. Passive wrist flexion in all groups 

eased from AT 5 to AT 6 except in the 

llets group. The ice and stretching groups were the only 

reatment groups to surpass their baseline ROM measurements 

Passive wrist extension decreased in all groups from AT 

o AT 2 (see Figure 6). Passive wrist extension further 

reased from AT 2 to AT 3 in all groups except the upper 

remity ergometer group who's extension data increased in 

. The path in which the treatment groups returned to 
eline (AT 4 to AT 6) was similar for all groups except 

he NSAID and stretching groups but the differences were 

ourse of recovery after the eccentric 

rcise was probably 

rstitial spaces 



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 W M S  to the edema within 

the exercised muscle fibers. However, Buroker and Schwane 

argued against the hypothesis that pain neurons were 

physically 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 upper extremity ergometer group may 

be attributed to the failure of the high velocity concentric 

contractions (upper extremity ergometer) to influence the 

symptoms of WMS. 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., butthere 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 



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. 

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, 

pellets, and placebo groups decreased from AT 

AT 4 while the upper extremity ergometer and Arnica 

ointment VAS data increased during this interval. 

VAS data decreased from AT 4 to AT 6 with the exception 

the Arnica ointment group who's data increased 

4 to AT 5. No treatment method appeared to be 

ve in abating DOMS, including the placebo group. As 

esults of Yackzan et al. (1984), the present data 

negative correlation between muscle soreness and 

This indicates that an increase in muscle 

for all groups after the exercise 

. The path in which 
milar from AT 2 to 

reatment group (see 

attributed to the 
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anesthetic effect of the 20-minute ice massage. The 

application of a cold modality depresses 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 gay have been due to a 

compensatory response of the earlier anesthetic effect and 

indicates that the ice massage provided relief from acute 

muscle soreness but was 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 

treatment groups. By AT 6 all of the treatment groups 

remained below baseline values, while the placebo group was 

notably greater than baselins. 

Uwcle Function 

Isometric wrist extension force data for all treatment 

groups followed a similar recovery pattern towards baseline 

measurements after DOMS was induced (see Figure 11). Force 

development decreased in all of the groups immediately after 

the exercise bout (i.e., from AT 1 to AT 2). This response 

is consistent with acute muscle soreness and with the 

findings of Francis and Hoobler (1987), Hasson et al. 

(1989), Hasson et al. (1990), and Hasson et al. (1992). The 

decrease in force development by the upper extremity 

ergometer group at AT 3. may be attributed to fatigue caused 
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cycling activity. The ice group also generated less 

after treatment. These findings correspond to the 

arch by Fox (1961) who revealed a transient decrease in 

ength with cold application. Force development increased 

11 groups from AT 3 to AT 4. A decrease in force 

ation was noted from AT 4 to AT 5 in all groups except 

AID and stretching treatment groups. These results 

e a recovery from acute muscle soreness by 24 

d the onset of the delayed soreness by 48 

rce generation again increased from AT 5 to 

statistically significant, all treatment 

gher percentage of baselins than the 

c work produced by the mist 

all groups after the 

12). Total work 
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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 treatment 

groups were similar. While other groups continued to 

improve, the NSAID group dec~eased in AT 6. All groups 

reGoverea to u Level QC 79 to 87% oc imseaine by AT 6 .  m e  

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 

qroups (sea Figure 14). The recovery pattern cf concentric 

force followed 1 of 2 courses. m e  NSAID and stretching 

treatment groups progressecl similarly while the.upper 

extremity ergometer, ice, ointment, nrnica 

montane pellets, and placebo treatment groups followed 

similar recovery patterns. The peak concentria torque data 

in AT 6 was significantly greater than AT 2 but represented 

a similar percent of baseline (AT 1) for all treatment 

groups. Furthermore, peak concentric torque generated was 

less than the peak eccentric torque generated for all 

treatment g r e w  at all assessment times. Ethan, Elzinga, 
and Noble (1978) demonstrated that the force capacity of 

skeletal muscle is greatest in the eccentric rode. The 

increase in torque generation in eccentric muscle activity 

is primarily of chemo~echanical origin, Oxygen consumption 
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much lower during eccentric exercise than in comparable 

ncentric exercise and the mechanical efficiency of 

ccentric exercise may be several times higher than that of 

oncentric exercise (Asmussen, 1952). The economy 

ssociated with eccentric acti1qity is in part due to the 

evelopment of tension without the normal requirement of 

plitting ademsine triphosphate or creatine phosphate 

Curtin, Svensson, 6: Davies, 1970). 

ak eccentric torque recovery data were very similar 

of the peak concentric torque data (see Figure 15). 

tch, and placebo treatment groups progressed 

ointment, and 

alleled one another. The torque 

ile elements, 

ue is a slow 



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., 1992). 

The lack of significant difference in muscle recovery 

for the Brnica groups (ointment and pellets) may 

also be related to the inflammatory process. The components 

of the Arnica compound are believed to be analgesic, 

antibiotic, and antiinflammatory in nature (castro, 1991; 

Duke, 1985). Tveiten et al. (1991) administered 5 pellets 

of Arnica twice daily to marathon runners. They 

found a significant reduction in stiffness ratings on a VAS 

for the group treated prophylactically with 

but reported no change in muscle function. Armstrong et 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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lammatory process is also altered in humans, the lack of 

treatments could be explained. 

ersely, the preparations of Arnica in this study 

studies with higher concentrations of this medication 

an research still recommend it's use for WMS. No 

-blind studies with higher known composition of 

for WMS appear in the literature 

treatment groups and across time 

phase, the exercise 



over 225 eccentric muscle contractions at that point and 

could then "catchn 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. ~iomichanics is an important 

component of muscle force generation. However, the 

deviation in the force arm lengti: for wrist extension 

appears to be limited by connective tissue and the ROM in 

the wrist was restricted. 

1. There were no significant differences in 

active or passive wrist flexion or extension among the 

treatment groups after DOMS was induced. Hypothesis 1 was 

not rejected. 

2. There were no significant differences in forearm 

girth or limb volume among the treatment groups after WHS 

was induced. Hypothesis 3 was not rejected. 

3 .  There were no significant differences in muscle 

soreness among the treatment groups after DOMS was induced. 

Hypothesis 5 was not rejected. 



4. There were no significant differences in muscle 

function among the treatment groups after DOMS was induced. 

Hypothesis 7 was nit 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. W M S  can 

result from strenuous eccentric tasks and can be a limiting 

factor in motor performance for several days after exercise. 

A method of treatment for DOMS would enhance athletic 

performance and hasten the'return to ADLs. The purpose of 

this study was to identify a treatment method which could 

assist in the recovery of WHS. In the selection of 

irected towards treatments 

y by an individual, 

therefore making the treatment valuable to an athletic 

trainer or physical therapist in treatment of 1 person or an 

entire team. Nunerous other modalities are available such 

as pllonophoresis, iontophoresis, nyofascial release 

techniques, and raseage but these would be difficult methods 

for a trainer or therapist to adninister in a team setting. 

Nonetheless, the results of this study did not reveal a 

treatnent method that was significantly better than that of 

a placebo for the symptoms of DO=. 



The topic of WMS 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 ROU, 

edema, soreness, and muscle function. 

2. Examination of the influence of other treatment 

methods, including combinations of modalities, on the 

symptoms of DOUS. 

3. Examination of different dosages of NSAID, 

montana ointment, and/or W c a  maltma pellets on the 
symptoms of WMS. 



PART 2 

REVIEW OF LITERATURE 

Muscle soreness is a common occurrence following 

unaccustomed physical activity. Muscle soreness has been 

differentiated into macuten and "delayed onsetn secondary to 

time in which soreness appears. Acute muscle soreness 

48 hours and then 

with a decrease in 

, 1977; Talag; 



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, 1987). A 

means of reducing W M S  without compromising the intensity of 

the activity would restore muscle function and allow 

resumption of daily activities or athletic participation. 

Presently, there are no preventative strategies for 

DOMS. Numerous investigators have attempted to demonstrate 

treatments for DOMS (Abraham, 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 DOEIS. 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 attention has 

been given to muscle function. Methodology problems were 

also identified (Abraham, 1979; Buroker 6 Schwane; HcGlynn 

et al., 1979). The purpose of this study was to evaluate 

the effect of several clinical treatments for DOHS on pain 

level, flexibility, strength, and limb girth/volure. 

Identification of an effective treatment could hasten the 

return to maximal function. 



- 
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 

el., 19811. Six theories have been proposed. 

The lactic acid theory was based on the assumption that 

ccentric mu activity continued to produce lactic acid 

ercise ceased (Asmussen, 1956). Schwane et 

et al. (1981) studied blood lactic 

fter level and downhill running. Lactic 

the 'level running group showed a 

cise but no muscle soreness was 

the downhill running group did not 

actic acid levels but 

soreness postexercise. Peak 

ot correspond to DOMS 

ence of muscle 
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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 linktt in the contractile apparatus (Friden et al., 

1981). The z-lines are the narrowest and weakest in the IIb 

fibers (Newham, McPhail, et al., 1983). Eccentric muscle 

activity preferentially recruits IIb fibers and nstreamingn 

of the z-lines of the IIb fibers posteccentric 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 frequently at the 

distal third of the muscle and extends into the muscle- 

tendon junction (Friden et al., 1986). The oblique 

orientation of the muscle fibers at their insertions may 

make them more suspectible to mechanical trauma (Newham, 

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 collagen and protein metabolites are released into 



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 

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 

l., 1983) but the administration of a calcium antagonist 

h as Verapamil, has failed to significantly decrease DOMS 

ne et ax., 1986). The accumulation of histamine, kinins, 

nd potassium in the interstitium have also been suspecteci 

f contributing to DOMS (Armstrong). 

The possibility of a substance establishing a diffusion 

ient for fluid movement was proposed by Stauber et al. 

0). If fluid moves across the cell membrane and into 

racellular spaces, edema would result. Eccentric 

ivity has been known to be associated with a "mini 

romem (Howell et al., 1985). Tissue fluid 

eported to be greater with eccentric than 

ctivity but the time course of the edema 

ontradictory (Hough, 1902; Howell 



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 DOHS (Abraham, 1977; Armstrong, 

1984; Friden, 1984; Hough, 1902; Newham, McPhail et 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, 

1984; Howell et al., 1985; Stauber et al., 1990). The 

potential exists for the cause of DOHS to be a combination 

of these theories. 

Treataent 
e fact that the pathophysiological mechani sas 

ins unresolved, a number of treatment techniques 

The goal of treatment is to restore 

e eccentrically activated muscles as 



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- 

inhibiting drug (flurbiprofen) was studied by Kuipers et al. 

Subjects were given eithep 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 dehydrogenase, 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 RPII, 80% maximal oxygen 

consumption) in Stage I and a 30-minute eccentric bout (60 

RPM, 80% maximal oxygen consumption) in Stages I1 and 111. 

The stages were spaced 3 weeks apart. 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 subjkts 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 found the muscle soreness to be most 

pronounced at 40 hours posteccentric muscle activity. The 

soreness reported 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 

daptation at the neuromuscular level which increased 

rdination. This long-lasting prophylactic effect on 

reness has been shown to occur with repeated bouts 

eks apart (Byrnes et al., 1985). Authors have 

that damage to stress-susceptible muscle fibers 

e initial eccentric exercise bout stimulates the 

repeated (Armstrong et al., 1983; 

r the concentric nor the 

ignificant increase 

er control 

of eccentric 

le fibers were 
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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 minutes 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 after the second 

exercise bout, 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 sere 

individual soreness measurements were significantly lower in 

the first bout of exercise. Therefore, diclofenac was not 

effective in reducing WMS. The reason diclofenac decreased 

muscle soreness in the first eccentric bout but not in the 

second eccentric bout is unclear. It was suggested that an 

interaction between diclofenac and the "repeated bout 
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effectn 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 

prevent/slow muscle repair and use of NSAIDS to 

se DOMS may make the muscles susceptible to further 

age. Therefore, the repeated bout effect could 

ficantly influence a repeated measures research design 

hould be taken into consideration. 

Ibuprofen, an anti-inflammatory drug which interferes 

th the metabolism of arachidonic acid by inhibiting the 

e cyclooxygenase was studied by Donnelly et al. (1990) 

al. (1993). Donnelly et al. examined the 

en on muscle soreness, muscle weakness, 

enzyme activity on 40 male subjacte. 

ts took 1,200 rg of ibuprofen 

e a 45-minute downhill run and 

72 hours. Before and after 

, 48, and 72 hours after each 
, a soreness punctate 
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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 el. 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 9 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 evaJuated prior to a 10- 

minute step test. Follow-up assessments were made at 24 and 



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 

the prophylactic and therapeutic groups than the placebo and 

control groups at 48 hours. Muscle performance (MVC, 

concentric 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 

entric PT were significantly lower at 48 hours compared 

ne values but the prophylactic and therapeutic 

evealed a smaller decline than the placebo and 

, or 48 hours. These results indicated 

ctic and therapeutic administration of 

ive in decreasing DOMS and improving 

compared the times of 

4 hours prior to 

treatment was to 



not obtained to address this issue. Therapeutic 

administration of ibuprofen was very effective in decreasing 

MlnS 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 WMS. 

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 elbow flexor peak 

torque at 60 and 180 degrees per second. These variables 

were 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 reduction 

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 degrees per 

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 

Armstrong et al. (1983) to assist in explaining the obtained 

results. Armstrong et al. noted that in animals with 

exercise-induced injury, the normal inflammatory sequence 

was not followed. This may explain the improvement in 

scle soreness and ROM with the aspirin treatment without 

improvement in muscle function. 

Application of a 10% TSC was studied by Hill and 

ichardson (1989). The 34 subjects (22 male, 12 female) 

performed 5 days of upper extremity exercises (3 sets of 20 

repetitions at 80% of 1 repetition maximum (RM)) .  Fourteen 

am8 of analgesic cream was applied 4 times per day for 12 

s. Arm circumference; plasma creatine phosphate level, 

soreness rating were measured daily. The former 2 

surements were similar for the control and the treatment 

8, but the latter value was significantly reduced in 

el of soreness was not addressed. 

(1991) studied the effects of TSC with 

aoreness was 

s of 10 repetitions 

Forty subjects were 

Group 1 received sham 
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as the coupling medium. A VAS was used to assess muscle 

soreness and active elbow ROM was recor9ed immediately after 

exercise. The ultrasound treatment wes administered for 5 

minutes at 1.5 watts per centimeter squared using a 

frequency of 1 megahertz (MHz) and a 10-square centimeter 

sound 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 3 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 W M S  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 that 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, DOHS was 

induced through a stepping exercise. The subjects used the 
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right lower extremity for the concentric phase and the left 

lower 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 obtained on the Omnitron dynamometer. Maximal 

voluntary isometric knee force was eval~ated on the Cybex I1 

isokinetic dynamometer (Lumex Incorporated, 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 

nverse of the amount of force applied was called the MSP. 

fter these measurements, the 18 untrained subjects were 

signed to 1 of 3 groups. Group A was treated with pulsed 

rasound at a 1:4 on:off ratio at 0.8 watts per square 

ncy of 1.0 MHz. Group B received 

trasound and Group C served as the control by 

ing no treatment. After 48 hours, the subjects were 

scle performance and muscle soreness. The 

o significant difference between groups 

but Group A MSP was significantly lower 

or C. W C ,  muscle torque, and total 
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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 

muscle 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 sl., 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, LI11, LI13, LI14) 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 involved lowering a 25- 

pound dumbbell from full elbow flexion to complete 

extension. The subject continued until unable to control 



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 

paic rating, and blood samples were obtained. Data analysis 

revealed 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 6 Levy, 1988; Denegar et 

a1.1. 

Denegar and Perrin (1992) examined the effects of TENS 

with and without cold application and in conjunction with 

stat io  stretching. Baseline data for 40 female subjects 
included elbow RON and average concentric and eccentric 

torque for the elbow flexors on the Kin-Con isokir.etic 

dynamometer (Chattecx Corporation, Chattanooga, 'PN). An 

exercise protocol previously known to induce DOMS was 

completed. Forty-eight hours after the exercise, RON, 
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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 "offH 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 decreased. 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 ROW. As 

expected, stretching increased elbow extension ROH in all 

groups. Decreases in average concentric and eccentric 



torque were not ameliorated by the treatments 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 

that pain may not be an accurate marker of recovery from 

DoMs. 

An interesting rationale was proposed by Hasson et al. 

ise on Dons. Submaximal concentric muscle activity 

intramuscular pressure than eccentric muscle 

1984; Staff, 1988). It is a popular 

od of muscle soreness 

(Hasson et al.). 'Phe review 

. Hasson et al. 



step test at a bench height 04 110% 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 

a control group. The treatment group performed 6 sets of 20 

repetitions of concentric knee extension at 300 degrees per 

second. Subjects were reassessed at 48 hours. The results 

of the punctate technique 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 

hours, the treatraent group was significantly higher than the 
control group for all muscle performance variables. Perhaps 

the "muscle pumping actionm of the high velocity concentric 

activity assisted in decreasing muscle edema (Friden). 

Therefore retarding the accumulation of large amounts of 

fluid in the injuredarea, 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. 



Cryotherapy has been considered effective in soft 

tissue injury via its ability to decrease the circulatory 

response, inflammation, swelling, and intravascular pressure 

via sympathetic vasoconstriction (Beirman, 1955; Knight, 

1976; Lehmann et al., 1974). Cold application depresses the 

excitability of the free nerve endings and peripheral nerve 

- fibers, increasing the pain threshold (Haines, 1967). Ice 

massage has been reported to offer the greatest reduction in 

intramuscular temperature at 2 centimeters depth in the 

irst 5 minutes as compared to other forms of cryotherapy 

on & Moore, 1975). Yackzan et al. (1984) conducted a 

to determine the optimal time of cold application. 

sed 30 subjects (10 per group) to compare the effects 

massage performed immediately 

scle activity, 24 hours and 48 hours 

NK Table was used to perform eccentric 

mount of weight with which 
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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 DOUS. 

The effects of ice massage, ice mansage with &M&reis@, 

and exercise alone on WMS was studied by Isabell et al. 

(1992). In 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 I1 

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-Rn. Subjects performed 30 sets of up 

to 10 repetitions with a 1-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, exercise, ice massage with 

exercise, and control. Each treatment lasted 15 minutes and 

was administered at 0, 2, 4, 6, 24, 48, 72, and 96 hours 

postexercise. The exercise group performed active ROW of 

the elbow without resistance. Subjects exercised for 20 

seconds and then rested for 40 seconds for a total of 15 

minutes. The ice massage with exercise group applied the 

ice massage during the 40-second rest period between active 
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ROH. 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 ROH 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 

ROH. A high correlation was noted'between perceived 

reness at work and perceived soreness at rest (r = .88). 

s interpretation of this finding was that the 

s) of the pain in the resting muscle may not be 

eases in muscle force 



than 30 minutes, the nhunting responsen results (Clark, 

Hellon, & Lind, 1958). This is a reaction involving 

alternating inc~eases and decreases in blood flow to protect 

the tissue from thermal injury. 

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 were repeated batween 2 and 90 times 

per day. An examination of the effects of stretching and 

warm-up on DOMS was performed by High et al. Sixty-two 

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 perforred a 

stepping warm-up and the static quadriceps muscle stretch. 

Group 4 did not warm-up or stretch prjr~r to the step test. 

After Groups 1, 3, and 4 completed a stepping program to 

exhaustion, a 3-minute rest wae permitted. The subjects 

then repeated the stepping/rest cycle 3 additional times. 

Subjects rated the level of muscle soreness on a ratio scale 
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of 0 to 6.  nuscle soreness ratings were obtained every 24 

hours for the next 5 aays. Results of this study indicated 

that static stretching and/or warm-up before eccentric 

rauscle n~tivity did not significantly effect the perception 
of DOHS. B u r o k e r  and S c h w a n e  e x a m i n e d  the effects of 

postexercise static stretching on WMS, 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. 

Protocol 1 called for no stretching, Proto~ol 2 involved 

stretching of the left eccentically exercised knee extensor 

muscles for 10 repetitions with a 30-second hold, and 

Protocol 3 involved stretching both the left eccentrically 

exercised knee extensors and the right eccentrically 

lantarflexors. Groups 2 and 3 stretched 

the step test, at 2-hour intervals for the 

d at 4-hour intervals for the following 48 

was clearly described by 

ssessment was 
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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 

l), 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 the 

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 stretch 

of the hamstrings did not reach a plateau in elon 
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until at least 8 minutes, and in some cases 10 minutes. 

Consequently, if long lasting soft tissue elongation is the 

: goal, a sustained 8 to 10 minute stretch should be 

administered. 

M c a  is a member of the Compositae family and 

a long-established medicinal plant (Willuhn. 1972. 1991). 

usf~ of )sAioa flat88 baek t8 this 16th e e f i t i i .  
is more commonly known as Mountain Daisy. 

perennial herb grows wild in alpine meadows. The 

e florets and opposite pair of leaves make the plant 

identifiable (weiss, 1988). Alrnics is . 
le in ointments, sublingual pellet&, and tinctures. 

nt is commonly used in homeopathy for a wide range of 

In 1982, Arnica-, was a component of 271 

s used for 33 different indications (Vyler, 1982: 

e, inflammation, venous 
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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 involved in spasmolytic action 

and sesquiterpene lactones are reported to be strong 

inhibitors of edema. Sesquiterpene lactones 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 friphosphate, and migration of 

lysosomes (Willuhn, 1991). Thereby linking helenaline 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 taken 2 times per day for 5 days on 36 

marathon runners. Blood tests were conducted immediately 

prior to the run, ilmediately after the run, and 48 and 72 

hours after the run. The results revealed no significant 

differences between the Arnica 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 

that the time of restitution did not vary between the 

Czygan et al. (1991) performed 2 studies with 

montana on subjects with chronic venous insufficiency (ma). 

n the first study, 150 subjects were used to compare 

to a placebo in the subjective measurement of pain 

relief and the objective measurement of calf girth. Pain 

lief was not significantly different in either group but 

e subjects treated with Arnica experienced a 

ignificant change in calf girth. In the second study, 60 

jects with CVI were treated with topical Arnica- 

h and without hydrotherapy. Venous capacity and venous 

liance were measured before and after treatment. The 

pendent measures in both groups improved following 

eatuent but the dependent measures in the combination 

up (Arnica with hydrotherapy) were significantly 

the single treatment group (pe.01). Czygan et 

that Arnica had a positive influence 

at venous tone increased 

tors in the venous walls. 

by the FDA, the 

7; Tveiten, et 
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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 BULica 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 bench 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 upper extremities utilized 

dumbbells (Ciccone et al., 1991,' Denegar & Perrin, 1992; 

Denegar et al., 1989; Hill & Richardson, 1989; Isabel1 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 FtMs 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., 1985). All 

of these instruments and procedures were successful in 

producing DOMS. 

To examine the criterion measures of DOMS, researchers 

(Buroker 6 Schwane, 1989; Ciccone et al., 1991; Denegar & 

Perrin, 1992; Deneqar et al., 1989; Donnelly et al., 1990; 

Donnelly et al., 1988; Francis & Hoober, 1987; Hasson et 

al., 1989; Hasson et al., 1993; Hasson et al., 1990; Hasson 

et al., 1992; High et al., 1989; Hill C Richardson, 1989; 

Isabell et al., 1992; Janssen et al., 1983; Kuipers et al., 

1985; Yackzan et al., 1984) have utilized numerous types of 

equipment. 

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; 

Isabell et al., 1992; Rothstein et al., 1983; Yackzan, 

1984). Rothstein et al. reported the intratester 

reliability of gonioraetric measurements to be between 

r = .91 and r = .99. 

eter of DOMS 

he literature. Studies by 

ardson (1989) 

ropometric 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 voltmeter is an open water filled 

plethysmograph which is used to assess limb volwe. 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. - 
Pain and muscle soreness are consistantly addressed in 

all of the literature reviewed. Some researchers palpated 

muscle soreness through a probe, others used various pain 

scales, and some performed both methods. In 1949, 

Steinbroker adapted a push-pull gauge attached to a number-1 

black rubber laboratory cork which measured 1.5 centimeters 

in diameter (cited in McCarty, Gatter, 61 Phelps, 1965). 

This device was known as a npalpometern and was used to 

quantify articular tenderness. McCarty et al. developed a 

similar instrument known as a mdolorimetern that was 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 

the muscle soreness (Buroker & Schwane, 1989; Donnelly et 

al., 1990; Donnelly et al., 1988; Hasson et al., 1989; 

Hasson et al., 1993; Hasson et al., 1990; Hasson et al., 

1992; Newham, Mills, et al.). The inverse of the amount of 

force at each testing site is directly related to the amount 

muscle soreness experienced. Although the perception of 

r muscle soreness is very subjective, the soreness 

technique provides a greater degree of objectivity 

Schwane). Furthermore, muscle soreness scores 

aningful when the subject serves as his/her own 

arty et al.) Test-retest correlation was 

be r = .31 (Hasson et al., 1993). 

scale (Denegar et al., 

al., 1992; Yackzan et 



researcher to make a meaningful statement about pain 

reduction via a given percent (Price et al.). - 
Information about the components of muscle function 

have been obtained via a Cybex I1 isokinetic dynamometer by 

Francis and Hoober (1987), Isabel1 et al. (1992), Hasson et 

el. (1989), and Hasson et al. (1990). Hasson et al. (1992) 

reported the reliability of the Cybex 11 isokinetic 

dynamometer ta be r = .94. The  lid^ 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 and expected torque 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 

dynamometer exceeded r = .88 (Highgenboten, Jackson, P 

Meske, 1988) and r = .94 (Trudelle-Jackson, 1989) for both 

concentric and eccentric torque. The Omni-tron dynamomter 

(Hydrafitness Industries, Belton, TX) was used to measure 

muscle torque and totai work (Hasson et al., 1989: Hasson et 

al., 1990). The mi-tron reliability was reported to be 

r = .87 by Hasson et al. (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 

be reliable but the data is not interchangable between 

units. 

SlmmEY 

The literature on the etiology of DOHS is plentiful but 

aterial addressing DONS treatment is limited. 

thodology changes in the administration of various 

nical treatments could yield interesting results on the 

ous investigators with 150 to 400 eccentric repetitions 

rious joint velocities (Buroker & Schwane, 1989; 

r & Perrin, 1992; Donnelly et al., 1990; Friden, 1984; 

et al., 1989; Hasson et al., 1990; High et al., 1989; 

11 et al., 1992). Lopl velocity eccentric muscle 

riods between exercise sets are 



nontreatment group receiving a placebo served as a control. 

The dependent variables that were assessed for 72 hours 

posteccentric muscle activity included forearm Ron, forearm 

girth, limb volume, muscle soreness, and muscle function. 

The identification of an effective treatment technique to 

prevent or abate the symptoms of DOMS would be very helpful 

in restoring both the ability and the willingness of an 

individual to return to activity. 
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APPENDIX A 

SUBJECT DEMOGRAPHIC DATA 



Table A-1. Subject Demographic Data 

Subject Treatment Age Gender Height Weight 

001 Ointment 31 Male 72.0 175 
002 NSAID 2 1 Male 70.0 190 
003 Ice 23 Female 64.0 138 
0 04 Ergometer 35 Female 67.0 133 

.005 Ice 2 9 Female 64.0 180 
006 Ointment 40 Male 76.6 250 
007 Stretch 38 Female 62.0 154 
008 Ergometer 2 1 Male 73.0 210 
009 Ergometer 2 8 Female 64.0 120 
010 Ice 2 3 Female 58.0 110 
011 Ointment 3 4 Female 61.0 98 
012 Ergometer 24 Male 72.0 215 
013 Pellets 2 2 Female 62.5 14 0 
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Table A- 1. Continued. 

Subject Treatment Age Gender Height Weight 

Ointment 
Pellets 
Ice 
NSAID 
Ointment 
Stretch 
Ice 
Pellets 
Stretch 
Pellets 
Ice 
NSAID 
Ergometer 
Ointment 
Placebo 
Stretch 
Ointment 
Ergometer 
Pellets 
Placebo 
Stretch 
Placebo 
Pellets 
Ergome t er 
Pellets 
Pellets 
Placebo 
Ergometer 
Placebo 
NSAID 
NSAID 
Ergometer 
NSAID 

Male 
Male 
Female 
Female 
Female 
Male 
Female 
Female 
Female 
Male 
Male 
Male 
Female 
Male 

. Female 
Male 
Female 
Male 
Male 
Female 
Male 
Male 
Male 
Male 
Male 
Female 
Male 
Female 
Female 
Male 
Female 
Male 
Female 

Age is expressed in years. 
Height i~ expressed in inches. 
Weight is expressed in pounds. 



APPENDIX B 

INFORHED CONSENT 



Subject's name: 

Subject code: Date : 

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

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

e of Research: 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. 

ch 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 perforn 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 milligram 



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 
ar 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 
inmediately after exercise and 150 milligram every eight 
(8) hour6 for Uuee (3) days. If I am assigned to group F, 
a topical oint8ent of 48 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 
my 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 ray be selected by the investigators, to 
perform my medical history, assess arm range of motion, arm 
strength, lirb girth, limb Jolure, and muscle soreness; 
conduct the exercise protocol; and, administer the treatment 
measures. 

The procedures of this investigation have been explained to 
me by Dawn Gulick. Any questions that I may have concerning 
the study.wil1 be answered at any time during the study or 
duringtthe working day by calling (215) 287-8774. 

Side-effects MY result from participation in this study. 
These include nausea, s t o ~ c h  irritation, allergic 
reactions, or skin rash. Severe reactions such as gastric 
bleeding are extremely rare with such a short administration 
time. Unforeseen reactions may a160 occur. 

The effects of the nedications in this study could be 
harmful to unborn children. It is possible that harmful 
side-effects that are not yet known could occur to both the 
mother and unborn or braast-feeding child. For this reason, 
pregnancy and breast-feeding will exclude a subject from 
participation. I undoratand that if I ar capable of 
becoming pregnant, I will be given a pragnancy test prior to 
entry into thia study. Further, I understand that I should 
not b.con pragnant during the data collection phase of this 



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 my 
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 treatlasnt 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. 



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 



APPENDIX C 

INSTITUTIONAL REVIEW BOARD APPROVAL 



T m L X  UNIVERSITY HEALTH SCIENCES CENTER 
PIIIUDELPHIA, PENNSYLVANIA 19140 

CERTIFICATION OF APPROVAL FOR A PROJECT 
INVOLVING HUMAN SUBJECTS 

In accordance with the policy of the Department of Health and Human 
Sewicom on protection of human subjects in research, it in hereby 
certified that: 

PROJMCT TITLE: 8 
SORENEsS 

PRIYCIPAL IWESPIQATOR: GllLJCK. L F T / m  having received 
preliminary review and approval by the 

DEPARTHER OF: m C A L  T-PY and was subsequently 
reviewed by the Institutional Review Board in its present form and 

APPPOVICD ON: 09/02/93 with redpect 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 conforming with the criteria set forth in the HHS regulations 
for the protection of human research subjects, and in exercise of 
the power granted to the Committee, and 

subject to execution of the consent form(=), if required, and such 
other requirements as the Committee may have ordered, such orders, 
if any, being stated hereon or appended hereto. 

07/15/93 (review date) 
It is undmrstood that it is the 
investigator8respansibilityto 
notify the Cormittee 
imdiataly of any untoward 
results of thia ~tudy to pmrait 

TL?, h4 
revimw of the ratter. la such 
ease, thm immstigator should 
a811 Dr. Friedrioh xueppera at 
- 

CBAXRIUWI IRE 
221-4636. 

September 8, 1993 



APPENDIX D 

HEALTH QUESTIONNAIRE 



HEALITH 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 treated for 
any medical problem? YES NO 

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

5. Do you have a history of 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 

. Do you have any sensory deficits? YES N9 

e you allergic to any medications, 
tions, creams, or plants? YES NO 

er had an adverse reaction 
any other medication? YES NO 

istory of any upper 
YES NO 

ny of the above questions, 
the back side of this 



APPENDIX E 

PILOT DATA 



Table E-1. Goniometry Pilot Study Data 

Wrist Goniometric Measurements 

. Subject Test 1 Test 2 Difference 

m. All measurements are expressed in degrees. 



Table E-2. Forearm Girth Pilot Study Data 

Limb Girth Measurements 

Subject Test 1 Test 2 Difference 

m. All measurements are expressed in centimeters. 



Table E-3. Limb Volumetry Pilot Study Data 

L:: + Volume Meaeuremente 
'Subject Test 1 Test 2 Difference 

0 1 1,580 1,570 - 10 
0 2 1,590 1,590 0 
0 3 2,220 2,235 + 15 
04 2,190 2,190 0 
0 5 1,795 1,850 + 55 
0 6 1,205 1,190 - 15 
07 1,260 1,250 - 10 
0 8 1,700 1,710 + 10 
0 9 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 

. 1,620 1,625 + 5 
16 1,850 1,860 + 10 
17 1,880 1,080 0 
18 1,290 1,300 + 10 
19 2,190 2,220 + 30 
2 0 1,685 1,700 + 15 

. All measurements are expressed in milliliters. 



Table E-4. Probe Pilot Study Data 

MS I 

Subject Actual Measured Difference 



Table E-4. Continued. 

MS I 

Subject Actual Measured Difference 

31 1 0 . 0  1 0 . 0  0 . 0  
3  2  1 2 . 0  1 2 . 0  0 . 0  
33 4 . 0  4 . 2  + 0 . 2  
34 8 . 0  8 . 0  0 . 0  
35 1 2 . 0  1 1 . 9  - 0 . 1  
36 1 6 . 0  1 5 . 8  - 0 . 2  
37 2 . 0  2 . 0  0 . 0  
38 6 . 0  6 . 2  + 0 . 2  
3  9 1 0 . 0  1 0 . 0  0 . 0  
40 1 2 . 0  1 1 . 9  - 0 . 1  
41  4 . 0  4 . 3  + 0 . 3  
4  2  8 . 0  8 . 1  + 0 . 1  
4  3  1 2 . 0  1 2 . 0  0 . 0  
4  4  1 6 . 0  1 5 . 8  - 0 . 2  
45 2 . 0  2 . 0  0 . 0  
4  6. 6 . 0  6 . 3  + 0 . 3  
47 1 0 . 0  1 0 . 4  + 0 . 4  
48 1 2 . 0  1 2 . 4  + 0 . 4  

m. All measurements are expressed in pounds. 



Table E-5. Isometric Force Pilot Study Data 

Wrist Extension Force Measurements 

Subject Test 1 Test 2 Difference 

m. All measurements are expressed in pounds. 



APPENDIX F 

VISUAL ANALOGUE SCALE 



VISUAL PAIN RATING SCALE 

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

Pain As Bad ' 

As 11 Could Be 



APPENDIX G 

DATA COLLECTION SHEET . 



DATA COLLECTION SHEET 

Subject code: - Date : 

Treatment group: , Datn session: - 
Active Wrist flexion: 

Active Wrist extension: 

Passive Wrist flexion: 

Passive Wrist extension: - 
Elbow Jt Line: 

2.5 cm distal: 

5.0 cm distal: 

?.5 cm distal: 

10.0 cm distal: 

12.5 cm distal: 

Ycunlmu 
Volume of water displaced: 



Subject code: Treatment group: 
Data session: - 
Ieontric Wrist extension: 

Isokinetic Total Work Concentric: Eccentric: 

Iaokinetic Peak Torque Concentric: Eccentric: 

Isokinetic Pk Trq Angle Concentric: Eccentric: - 
Pain Index #I: 

Pain Index 12 :  

Pain Index 1 3 :  

Pain Index # I :  



APPENDIX H 

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 



APPENDIX I 

RAW DATA 



Table 1-1. Active Flexion Raw Data 

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

001 Ointment 
002 NSAID 
003 Ice 
004 Ergometer 
005 Ice 
006 Ointment 
007 Stretch 
008 Ergometer 
009 Ergometer 
010 Ice 
011 Ointment 
012 Ergometer 
013 Pellets 
014 Ice 
015 Placebo 
016 Ointment 
017 Ice 
018 Stretch 
019 Ergometer 
020 NSAID 
021 ' Stretch 
022 NSAID 
023 Ointment 
024 Ice 
025 Placebo 
026 NSAID 
027 Stretch 
028 Placebo 
029 Pellets 
030 Ointment 
031 Stretch 
032 NSAID 
033 Placebo 

. 034 Stretch 
035 Ice 
036 Placebo 



Table 1-1. Continued. 

Subject Treatment 
Time 

AT 3 AT 4 

Pellets 
Ointment 
Pellets 
Ice 
NSAID 
Ointment 
Stretch 
Ice 
Pellets 
Stretch 
Pellets 
Ice 
NSAID 
Ergometer 
Ointment 
Placebo 
Stretch 
Ointment 
Exgometer 
Pellets 
Placebo 
Stretch 
Placebo 
Pellets 
Ergometer 
Pellets 
Pellets 
Placebo 
Ergometer 
Placebo 
NSAID 
NSAID 
Ergometer 
NSAID 

&&E. All measurements are expressed in degrees. 



Table 1-2.  Active Extension Raw Data 

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

Ointment 81.0  23.5 59.0 71.0 79 .5  82 .0  
73.5 64.0 71.5 69 .0  72 .5  75.0 
75.0 79 .5  71 .0  83 .0  83 .0  84.5 

Ergometer 78.0 63 .5  62 .0  66 .0  65.0 66 .0  
85.0 86 .0  84 .5  85 .0  86.0 80.0 

Ointment 88.0 64.0 77 .0  78.0 78.0 82 .0  
84.5 79.0 77 .0  72.5 72.0 79 .5  

Ergometer 90.5 65 .0  60 .5  81.0 80 .0  78 .5  
Ergometer 82.0 62.5 72 .0  73.0 70 .5  76 .0  

84.0 72 .0  86 .0  84.0 78 .5  91.0 
73.0 62.5 68 .0  64.5 68 .0  69.0 

Ergometer 84.0 56.0 53 .0  73.5 67 .0  80 .0  
79.0 70.0 73 .5  73.5 73 .0  72.0 
84.5 - 7 0 . 0  73 .5  80.0 77 .0  81.5 
78.5 71.5 77 .0  78.5 73 .0  88.0 
72.0 68.0 65.0 71.0 70 .0  74.0 
78.0 63.5 62.0 69.0 71 .0  68 .5  

70 .0  44 58.5 52 .5  68 .0  64 .0  

0 59 .0  75.0 78.0 
5 81 .0  79.0 76 .5  

. O  64.0 73.5 72.0 

. O  76.5 85 .0  80.0 
. O  82.5 80.0 

70.0 76.0 
72.0 70 .0  
80.0 79.0 
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Table 1-2. Continued. 

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

Pellets 
Ointment 
Pellets 
Ice 
NSAID 
Ointment 
Stretch 
Ice 
Pellets 
Stretch 
Pellets 
Ice 
NSAID 
Ergometer 
Ointment 
Placebo 
Stretch 
Ointment 
Ergometer 
Pellets 
Placebo 
Stretch 
Placebo 
Pellets 
Ergometer 
Pellets 
Pellets 
Placebo 
Ergomet er 
Placebo 
NSAID 
NSAID 
Ergome t er 
NSAID 

n. All measurements are expressed in degrees. 



Table 1-3. Paeeive Flexion Raw Data 

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

001  Ointment 73.0 61.5 79.0 62.0 67 .0  70 .0  
002 NSAID 81 .0  71.0 75.0 75 .0  72 .0  80.0 
003 Ice 71.0 72.0 80.0 76.0 75 .0  82 .0  
004 Ergometer 78.0  73 . O  75.0 76.0 74 . O  73 . O  

005 Ice 70.0 76.0 76 .0  80.0 76 .0  83.0 
006 Ointment 72 .0  59.0 66 .0  53.0 62 .0  61.0 
007 Stretch 74 .0  72.0 73.0 78 .0  76.0 74.0 
008 Ergometer 92.0  90.0 85.0 85.0 83 . O  81.0 
009 Ergometer 84 .0  87.0 87.0 90.0 84 .0  92.0 
010 Ice 91.0 91.0 90.0 87.0 94.0 90.0 
011 Ointment 88.0  85.0 82.0 80.0 76 .0  77.0 

83 .0  87.0 88.0 84.0 84 .0  77.0 
86 .0  - 88.0 90.0 71.0 76 .0  61.0 
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  
104.0 96.0 100.0 100.0 101.0 102.0 

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 

80.0 70.0 78.0 72.0 73 .0  75.0 
86 .0  97.0 103.0 99.0 100.0  90.0 

87 .0  88 .0  81 .0  
76 .0  79 .0  88.0 
85 .0  80 .0  82.0 
78 .0  72 .0  68.0 
93.0 89.0 90.0 
73 .0  78 .0  74 .0  

88 .0  86.0 
81 .0  81 .0  
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Table 1-3. Continued. 

Time 
Subject Treatment A T 1  A T 2  A T 3  A T 4  A T 5  A T 6  

Pellets 
Ointment 
Pellets 
Ice 
NSAID 
Ointment 
Stretch 
Ice 
Pellets 
Stretch 
Pellets 
Ice 
NSAID 
Ergometer 
Ointment 
Placebo 
Stretch 
Ointment 
Ergome t er 
Pellets 
Placebo 
Stretch 
Placebo 
Pellets 
Ergometer 
Pellets 
Pellets 
Placebo 
Ergometer 
Placebo 
NSAID 
NSAID 
Ergometer 
NSAID 

-. All measurements are expressed in degrees. 



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 

95.0 91 .0  91 .0  94.0 93 .0  97.0 
Ergometer 97.0  92.0 95.0 97.0 92 .0  96.0 
Ergometer 97.0 93.0 92.0 94.0 88.0 94.0 

97.0 92.0 97.0 97.0 86.0 100.0 
Ointment 85.0 88.0 85 .0  90.0 81.0 86 .0  
Ergometer 90.0 78.0 90.0 86.0 80 .0  92.0 

85 .0  77.0 80.5 77.0 86.0 86 .0  
96.0 ' 91.0 92.0 92.0 92.0 93.0 
92.0 94.0 85 .0  96.9 92 .0  103.0 
80.0 86.0 82.0 82.0 82.0 83 .0  
93.0 93.0 74.0 92.0 90.0 91 .0  
82.0 71.0 72.0 80.0 84.0 85.0 

er 81.0 85 .0  80 .0  86.0 83 .0  88.0 
97.0 90.0 90.0 99.0 99 .0  101.0 
98.0 94.0 88.0 93.0 97.0 85.0 
91 .0  86.0 87.0 85.0 92.0 88.0 
95.0 87 .0  86 .0  92.0 92.0 98.0 

. O  82.0 86.0 
0 94.0 96.0 
0 91.0 89.0 

85 .0  82.0 
93.0 91.0 
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Table 1-4. Continued. 

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

Pellets 
Ointment 
Pellets 
Ice 
NSAID 
Ointment 
Stretch 
Ice 
Pellets 
Stretch 
Pellets 
Ice 
NSAID 
Ergometer 
Ointment 
Placebo 
Stretch 
Ointment 
Ergometer 
Pellets 
Placebo 
Stretch 
Placebo 
Pellets 
Ergometer 
Pellets 
Pellets 
Placebo 
Ergometer 
Placebo 
NSAID 
NSAID 
Ergometer 
NSAID 

w. All measurements are expressed in degrees. 



Table 1-5. Limb Girth Raw Data 

Time 
Subject Treatment AT 1 AT 2 AT 3 AT 4 AT 5 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 1ce 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 1ce 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 ~ c e  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 

Ergometer 156.8 156.4 156.3 157.3 155.6 155.4 
Pellets 128.7 132.1 130.4 128.2 127.9 127.8 

131.7 132.9 131.3 133.0 132.0 131.3 
Placebo 115.8 119.7 117.1 118.5 117.7 117.6 

153.1 150.7 153.9 153.6 150.8 
106.8 105.7 106.9 106.8 106.0 
151.6 149.8 151.6 150.2 150.6 

.2 141.3 143.6 145.0 142.8 

.7 136.9 137.6 137.5 137.4 
3 114.8 115.1 114.7 116.0 

152.9 154.5 153.3 154.6 
130.9 131.5 132.0 
147.3 145.8 146.6 
122.1 122.3 121.9 

.9 168.5 170.1 



Table 1-5. Continued. 

Subject Treatment 
Time 

AT 3 AT 4 

Pellets 
Ointment 
Pellets 
Ice 
NSAID 
Ointment 
Stretch 
Ice 
Pellets 
Stretch 
Pellets 
Ice 
NSAID 
Ergometer 
Ointment 
Placebo 
Stretch 
Ointment 
Ergometer 
Pellets 
Placebo 
Stretch 
Placebo 
Pellets 
Ergometer 
Pellets 
Pellets 
Placebo 
Ergome t er 
Placebo 
NSAID 
NSAID 
Ergometer 
NSAID 

m. All measurements are expressed in centimeters. 



Time 

.O 1,845.0 1,797.5 1,805.0 1,800.0 

.O 2,055.0 1,995.0 1,962.5 1,975.0 

1,750.0 1,790.0 1,850.0 1,747.5 
2,45510 2,540.0 2,422.5 2,460.0 
.?45.0 1,735.0 1,720.0 1,690.0 
,120.0 2,175.0 2,160.0 2,155.0 

.O 1,180.0 1,215.0' 1,200.0 1,170.0 

.O 1,145.0 1,125.0 1,130.0 1,150.0 

1,080.0 1,152.5 1,110.0 1,100.0 1,080.0 1,072.5 
ch 1,727.5 1,790.0 1,727.5 1,730.0 1,730.0 1,760.0 

rgometer i,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 



T a b l e  1 - 6 .  C o n t i n u e d .  

T i m e  
Subject T r e a t m e n t  AT 1 AT 2 AT 3 AT 4 AT 5 AT 6 

Stretch 
NSAID 
O i n t m e n t  
Ice 
P l a c e b o  
NSAID 
Stretch 
P l a c e b o  
P e l l e t s  
O i n t m e n t  
Stretch 
NSAID 
P l a c e b o  
Stretch 
Ice 
P l a c e b o  
P e l l e t s  
O i n t m e n t  
P e l l e t s  
Ice 



Time 

1,265.0 1,365.0 1,300.0 1,295.0 1,267.5 1,277.5 
1,692.5 1,750.0 9,780.0 1,782.5 1,757.5 1,730.0 
1,755.0 1,762.5 1,705.0 1,710.0 1,660.0 1,710.0 
1,785.0 1,920.0 1,930.0 1,835.0 1,850.0 1,805.0 
1,245.0 1,315.0 1,235.0 1,225.0 1,240.0 1,240.0 
1,290.0 1,345.0 1,347.5 1,325.0 1,325.0 1,335.0 
1,855.0 1,947.5 1,89d.0 1,860.0 1,880.0 1,805.0 
2,290.0 2,360.0 2,305.0 2,345.0 2,297.5 2,302.5 
2,050.0 2,145.0 2,090.0 2,090.0 2,050.0 2,010.0 
1,405.0 1,445.0 1,440.0 1,440.0 1,395.0 1,445.0 
1,570.0 1,657.5 1,590.0 1,592.5 1,580.0 1,595.0 
1,252.5 1,275.0 1,250.0 1,265.0 1,277.5 1,250.0 
1,745.0 1,810.0 1,750.0 1,705.0 1,810.0 1,710.0 
1,930.0 2,005.0 1,937.5 1,960.0 1,995.0 1,955.0 

Placebo 1,040.0 1,085.0 1,077.5 1,110.0 1,112.5 1,145.0 
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 Pellets 2,117.5 2,205.0 2,160.0 2,105.0 2,150.0 2,125.0 



Table I - 6 . Continued . 

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

Ergome t er 
Pellets 
Pellets 
Placebo 
Ergome t er 
Placebo 
NSAID 
NSAID 
Ergometer 
NSAID 

m. All measurements are expressed in milliliters. 



Table 1-7. VAS Raw Data 

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

001 Ointment 0.00 3.60 
002 NSAID 0.00 7.10 
003 Ice 0.00 0.25 
004 Ergometer 0.00 0.65 
005 Ice 0.00 0.15 
006 Ointment 0.00 6.90 
007 Stretch 0.00 0.20 
008 Ergometer 0.00 7.40 
009 Ergometer 0.00 1.28 
010 Ice 0.00 4.38 
011 Ointment 0.00 0.95 
012 Ergometer 0.00 3.20 
013 Pellets 0.00 1.55 
014 Ice 0.00 -6.05 
015 Placebo 0.00 3.05 
016 Ointment 0.00 2.60 
017 Ice 0.00 6.20 
018 Stretch 0.00 3.35 
019 Ergometer 0.00 1.70 
020 NSAID 0.00 1.20 
021 Stretch 0.00 3.25 
022 NSAID 0.00 7.70 
023 Ointment 0.00 0.60 
024 Ice 0.00 0.45 
025 Placebo 0.00 1.00 
026 NSAID 0.00 1.65 
027 Stretch 0.00 2.90 
028 Placebo 0.00 4.55 
029 Pellets 0.00 3.50 
030 Ointment 0.00 1.20 
031 Stretch 0.00 7.65 
032 NSAID 0.00 7.40 
033 Placebo 0.00 3.10 
034 Stretch 0.00 7.55 
035 Ice 0.00 5.70 
036 Placebo 0.00 7.90 



Table I - 7. Continued. 

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

Pellets 
Ointment 
Pellets 
~ c e  
NSAID 
Ointment 
Stretch 
Ice 
Pellets 
Stretch 
Pellets 
Ice 
NSAID 
Ergometer 
Ointment 
Placebo 
Stretch 
Ointment 
Ergome ter 
Pellets 
Placebo 
Stretch 
Placebo 
Pellets 
Ergome t er 
Pellets 
Pellets 
Placebo 
Ergometer 
Placebo 
NSAID 
NSAID 
Ergometer 
NSAID 

&&. All measurements are expressed in centimeters. 
The Visual Analogue Scale was 10 centimeters in length. 



Table 1-8. MSI Raw Data 

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

Ointment 3.17 3.60 4.04 3.77 3.07 3.14 
3.41 3.70 3.88 3.77 3.92 3.27 
4.30 5.12 4.59 5.12 4.44 5.12 

Ergometer 3.00 3.63 3.12 4.04 3.63 4.12 
5.26 4.39 5.00 4.30 4.39 3.77 
2.10 3.05 3.70 2.85 2.81 2.94 

Ergometer 3.10 4.00 4.08 3.53 3.03 3.38 
Ergometer 7.14 6.77 6.15 6.25 5.00 4.65 

4.93 4.93 5.19 4.04 3.53 2.77 
Ointment 4.54 4.59 4.34 5.19 4.12 4.76 
Ergometer 3.03 3.47 3.27 3.30 2.45 1.95 

2.98 - 3.27 2.89 2.64 3.20 2.81 
3.12 2.81 3.36 3.57 3.92 3.36 
2.38 3.03 3.14 3.22 2.87 3.44 
3.17 3.30 3.80 3.60 3.41 2.25 
3.27 3.57 2.79 3.88 4.49 4.08 
1.86 1.67 1.65 1.60 1.70 1.63 
3.25 3.47 3.14 3.27 3.03 2.94 
3.07 2.87 2.81 3.10 2.53 2.45 

4.70 4.08 3.80 
1.89 2.22 2.15 
2.01 1.43 1.26 

.57 3.41 



Table I - 8. Continued. 

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

Pellets 
Ointment 
Pellets 
Ice 
NSAID 
Ointment 
Stretch 
Ice 
Pellets 
Stretch 
Pellets 
Ice 
NSAID 
Ergometer 
Ointment 
Placebo 
Stretch 
Ointment 
Ergometer 
Pellets 
Placebo 
Stretch 
Placebo 
Pellets 
Ergomet er 
Pellets 
Pellets 
Placebo 
Ergometer 
Placebo 
NSAID 
NSAID 
Ergometer 
NSAID 

-. All measurements are expressed in units. 
Values are the inverse of pounds of pressure. 



Table 1-9. Isometric Wrist Extension Raw Data 

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 
22.0 21.5 19.5 18.0 22.5 22.5 
22.0 21.0 24.0 20.5 24.5 20.5 

Ergometer 20.5 17.0 22.0 23.5 15.5 24.0 
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 2i.0 24.0 22.5 23.0 
Ergometer 17.5 14.5 13.5 20.0 19.0 19.5 

24.5 19.0 16.0 21.5 19.5 23.0 

24.0 22.5 18.0 21.0 27.5 29.0 
27.0 20.5 23.5 30.0 26.0 33.0 
20.0 18.0 13.5 18.5 19.5 24.0 
17.0 15.0 16.5 20.0 18.0 16.5 

t 23.0 13.5 23.0 34.0 29.5 39.0 
21.0 7.5 15.5 20.0 22.0 21.5 
26.0 22.5 23.0 25.0 23.5 29.0 

24.0 25.5 24.5 
20.0 23.5 23.5 
13.0 15.0 15.0 
34.0 36.5 36.0 
34.5 26.0 31.0 
28.0 28.0 27.0 



Table 1-9. Continued. 

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

Pellets 
Ointment 
Pellets 
Ice 
NSAID 
Ointment 
Stretch 
~ c e  
Pellets 
Stretch 
Pellets 
Ice 
NSAID 
Ergome ter 
Ointment 
Placebo 
Stretch 
Ointment 
Ergometer 
Pellets 
Placebo 
Stretch 
placebo 
Pellets 
Ergome t er 
Pellets 
Pellets 
Placebo 
Ergometer 
Placebo 
NSAID 
NSAID 
Ergometer 
NSAID 



Table 1-10. Concentric Total Work Raw Data 

Time 

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

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 9.0 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 

Ointment 23.0 14.0 15.0 13.0 17.0 15.0 
13.0 9.0 7.0 14.0 10.0 9.0 

Ergometer 29.0 10.0 12.0 17.0 20.0 21.0 
Ergometer 7.0 6.0 8.0 9.0 6.0 6.0 

12.0 8.0 7.0 13.0 9.0 7.0 
Oratment 12.0 9.0 9.0 9.0 9.0 11.0 
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 

11.0 7.0 6.0 8.0 10.0 10.0 
11.0 7.0 10.0 11.0 9.0 16.0 
18.0 13.0 23.0 11.0 22.0 25.0 
9.0 6.0 7.0 8.0 9.0 9.0 
27.0 13.0 13.0 21.0 24.0 24.0 
12.0 9.0 12.0 9.0 10.0 13.0 
15.0 11.0 11.0 12.0 16.0 15.0 
10.0 10.0 10.0 10.0 7.0 9.0 

.O 7.0 8.0 23.0 22.0 21.0 

6.0 11.0 15.0 
13.0 14.0 14.0 
17.0 14.0 16.0 
13.0 12.0 9.0 

9.0 9.0 
13.0 15.0 14.0 



Table 1-10. Continued. 

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

Pellets 
Ointment 
Pellets 
Ice 
NSAID 
Ointment 
Stretch 
Ice 
Pellets 
Stretch 
Pellets 
Ice 
NSAID 
Ergometer 
Ointment 
Placebo 
Stretch 
Ointment 
Ergometer 
Pellets 
Placebo 
Stretch 
Placebo 
Pellets 
Ergometer 
Pellets 
Pellets 
Placebo 
Ergometer 
Placebo 
NSAID 
NSAID 
Ergometer 
NSAID 

-. All measurements are expressed in foot-pounds. 



Table 1-21. Eccentric Total Work Raw Data 

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

001 Ointment 35.0 14.0 15.0 26.0 29.0 29.0 
002 NSAID 39.0 14.0 17.0 25.0 27.0 24.0 

14.0 8.0 11.0 7.0 13.0 12.0 

Ointment 40.0 19.0 16.0 15.0 18.0 21.0 
17.0 5.0 6.0 14.0 9.0 9.0 

Ergometer 41.0 13.0 13.0 21.0 22.0 28.0 
Ergometer 8.0 7.0 5.0 8.0 6.0 6.0 

9.0 8.0 8.0 16.0 11.0 9.0 
Ointment 10.0 5.0 6.0 3.0 8.0 9.0 
Ergometer 33.0 16.0 10.0 17.0 14.0 12.0 

13.0 ' 10.0 8.0 14.0 9.0 8.0 
11.0 7.0 2.0 10.0 15.0 12.0 
16.0 3.0 7.0 10.0 12.0 17.0 

Ointment 27.0 16.0 26.0 17.0 19.0 24.0 
14.0 5.0 7.0 8.0 9.0 12.0 

Stretch 43.0 14.0 18.0 33.0 34.0 32.0 
10.0 4.0 10.0 12.0 14.0 17.0 
19.0 14.0 13. 15.0 20.0 18.0 
16.0 10.0 11 16.0 10.0 15.0 
35.0 2.0 5 37.0 32.0 28.0 

24.0 22.0 23.0 
16.0 21.0 23.0 
17.0 18.0 20.0 
19,O 13.0 17.0 
12.0 12.0 8'.0 
10.0 15.0 10.0 
17.0 19.0 19.0 



Table 1-11. Continued. 

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

Pellets 
Ointment 
Pellets 
Ice 
NSAID 
Ointment 
Stretch 
Ice 
Pellets 
Stretch 
Pellets 
Ice 
NSAID 
Ergometer 
Ointment 
Placebo 
Stretch 
Ointment 
Ergometer 
Pellets 
Placebo 
Stretch 
Placebo 
Pellets 
Ergometer 
Pellets 
Pellets 
Placebo 
Ergometer 
Placebo 
NSAID 
NSAID 
Ergometer 
NSAID 

w. All measurement 



Table 1-12. Concentric Peak Torque Raw Data 

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

001 Ointment 6.0 4.0 4.0 5.0 6.0 6.0 
002 NSAID 7.0 4.0 4.0 5.0 5.0 5.0 
003 Ice 2.0 2.0 2.0 2.0 3.0 3.0 
004 Ergometer 3.0 2.0 3.0 3.0 2.0 3.0 
005 Ice 2.0 3.0 3.0 2.0 2.0 4.0 
006 Ointment 7.0 4.0 5.0 3.0 4.0 4.0 
007 stretch 3.0 2.0 2.0 3.0 3.0 3.0 
008 Ergometer 8.0 3.0 4.0 5.0 6.0 6.0 
009 Ergometer 2.0 2.0 2.0 2.0 2.0 2.0 
010 Ice 3.0 2.0 2.0 3.0 3.0 2.0 

Ointment 3.0 2.0 2.0 3.0 3.0 3.0 
Ergometer 6.0 5.0 4.0 3.0 3.0 4.0 
Pellets 3.0 - 3.0 3.0 3.0 3.0 4.0 

3.0 3.0 2.0 2.0 3.0 4.0 
3.0 2.0 3.0 3.0 2.0 4.0 

Ointment 6.0 4.0 7.0 4.0 6.0 7.0 
3.0 2.0 2.0 2.0 2.0 3.0 
7.0 3.0 3.0 6.0 6.0 6.0 

4.0 3.0 3.0 3.0 4.0 4.0 
3.0 3.0 3.0 3.0 3.0 3.0 
6.0 2.0 2.0 7.0 6.0 6.0 

5.0 4.0 6.0 
3.0 2.0 2.0 3.0 5.0 
2.0 4.0 4.0 4.0 4.0 

4.0 4.0 3.0 
2.0 3.0 3.0 
3.0 4.0 4.0 

2.0 3.0 
4.0 4.0 
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Table 1-12. Continued. 

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

Pellets 
Ointment 
Pellets 
Ice 
NSAID 
Ointment 
Stretch 
Ice 
Pellets 
Stretch 
Pellets 
Ice 
NSAID 
Ergometer 
Ointment 
Placebo 
Stretch 
Ointment 
Ergome t e r 
Pellets 
Placebo 
Stretch 
Placebo 
Pellets 
Ergometer 
Pellets 
Pellets 
Placebo 
Ergometer 
Placebo 
NSAID 
NSAID 
Ergometer 
NSAID 

m. All measurements are expressed in Pnot-pounds. 



Table 1-13. Eccentric Peak Torque Raw Data 

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

001 Ointment 9.0 4.0 4.0 6.0 7.0 8.0 
002 NSAID 9.0 4.0 5.0 6.0 7.0 6.0 
003 Ice 4.0 3.0 4.0 3.0 4.0 5.0 
004 Ergometer 4.0 2.0 2.0 3.0 3.0 3.0 
005 ~ c e  3.0 2.0 3.0 3.0 2.0 3.0 

Ointment 12.0 7.0 5.0 6.0 6.0 6.0 
5.0 2.0 2.0 5.0 3.0 3.0 

Ergometer 10.0 8.0 4.0 7.0 7.0 7.0 
Ergometer 3.0 3.0 2.0 3.0 2.0 2.0 

3.0 3.0 3.0 5.0 4.0 3.0 
Ointment 4.0 2.0 3.0 2.0 3.0 4.0 
Ergometer 9.0 5.0 4.0 5.0 5.0 4.0 

4.0 -3.0 3.0 4.0 3.0 3.0 
3.0 3.0 1.0 3.0 5.0 4.0 
4.0 2.0 3.0 4.0 4.0 5.0 

Ointment 9.0 5.0 8.0 5.0 7.0 10.0 
4.0 2.0 2.0 3.0 3.0 3.0 
11.0 4.0 5.0 9.0 9.0 8.0 

Ergometer 5.0 2.0 3.0 4.0 5.0 6.0 
5.0 3.0 4.0 4.0 5.0 5.0 
5.0 3.0 4.0 5.0 3.0 5.0 
10.0 4.0 2.0 9.0 8.0 8.0 

Ointment 7.0 5.0 5.0 6.0 6.0 6.0 
7.0 5.0 4.0 5.0 6.0 7.0 
6.0 2.0 4.0 5.0 5.0 5.0 

5.0 4.0 6.0 4.0 5.0 
5.0 4.0 3.0 5.0 5.0 3.0 
7.0 6.0 4.9 4.0 6.0 6.0 
6.0 4.0 5.3 6.0 6.0 7.0 

5.0 5.0 
2.0 3.0 3.0 3.0 
3.0 6.0 6.0 6.0 

9.0 7.0 



Table 1-13. Continued. 

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

Pellets 
Ointment 
Pellets 
Ice 
NSAID 
Ointment 
Stretch 
Ice 
Pellets 
Stretch 
Pellets 
Ice 
NSAID 
Ergometer 
Ointment 
Placebo 
Stretch 
Ointment 
Ergometer 
Pellets 
Placebo 
Stretch 
Placebo 
Pellets 
Ergometer 
Pellets 
Pellets 
Placebo 
Ergometer 
Placebo 
NSAID 
NSAID 
Ergometer 
NSAID 

. All measurements are expressed in foot-pounds. 



Table 1 - 1 4 .  Angle of Concentric Peak Torque Raw Data 

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

0 0 1  Ointment 4 8  4 3 4 8 4 8 4 5 4 0 
002 NSAID 26 4 8 4 8 46 4 8 4 8 
003 Ice 48 4 7 47 4 9 2 8 3 4 
004 Ergometer 46 4 5 44 4 7 4 7 4 5 
005 Ice 4 9 4 8 22 4 8 4 7 44 
006 Ointment 9 3 6 28 4 7  2 0 4 4 
007 Stretch 2 7 3 3 12  4 43 4 5 
008 Ergometer 44 46 43 3 7 3 7 3 7 
009 Ergometer 3 0  2 2 48 4 9 4 8 4 9 
010 Ice 1 0  4 3 18  2 1 2 0 3 9 
0 1 1  Ointment 4 4 4 43 4 0 4 8 44 
012 Ergometer 35 25 1 2 3 4 7 42 
013 Pellets 4 1 4 7  4 9 3 5 4 9 4 6 
014 Ice 4 5 27 4 7 4 9 5 4 7 
015 Placebo 4 0 32 0 3 3 43 2 1 
016 Ointment 6 - 2 9 15  - 3 -19 
017 Ice 2 9 4 9 4 8 48 3 1 
018 Stretch 34 4 6 4 0 4 0 46 27 
019 Ergometer 1 0  1 8  4 8 4 0 4 7  3 9 
020 NSAID 2 0 45  46 4 7 4 6 4 6 
0 2 1  Stretch 4 7  4 8 3 6 2 1 - 8 15  
022 NSAID 3 1 2 0 4 8 4 8 4 1 5 
023 Ointment 4 5 2 1 7 - 1 2  2 
024 Ice 4 8 - 2 4 7 4 8 4 9 5 
025 Pl~cebo 3 1 4 7 4 2  4 4 4 7 4 4 
026 NSAID 2 1 8  14  9 - 6 2 6 

Stretch -1-1 - 1 7  8 - 1 5  - 3 - 1 5  
43 4 5 4 9 - 2 1 

- 2 0  - 8 12  - 14 - 6 
Ointment 4 7  4 9 46 4 7 4 1  4 7  

4 8  4 9 4 9 4 7 4 0 
4 8 38  45  4 0 4 7 

7 14 3 8 1 9  4 1 
- 8 4 0 4 9 48 4 8 
1 5 - - 3  2 7 2 7 

46 42 3 7 4 0 4 0 
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Table 1-14. Continued. 

Subject Treatment 

Pellets 
Ointment 
Pellets 
Ice 
NSAID 
Ointment 
Stretch 
Ice 
Pellets 
Stretch 
Pellets 
Ice 
NSAID 
Ergometer 
Ointment 
Placebo 
Stretch 
Ointment 
Ergometer 
Pellets 
Placebo 
Stretch 
Placebo 
Pellets 
Ergometer 
Pellets 
Pellets 
Placebo 
Ergometer 
Placebo 
NSAID 
NSAID 
Ergometer 
NSAID 

Time 
AT 3 AT 4 

m. All measurements are expressed in degrees. 



Table 1-15. Angle of Eccentric Peak Torque Raw Data 

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

Ointment 
NSAID 
Ice 
Ergome t e r 
Ice 
Ointment 
Stretch 
Ergometer 
Ergometer 
Ice 
Ointment 
Ergometer 
Pellets 
Ice 
Placebo 
Ointment 
Ice 
Stretch 
Ergometer 
NSAID 
Stretch 
NSAID 
Ointment 
Ice 
Placebo 
NSAID 
Stretch 
Placebo 
Pellets 
Ointment 
Stretch 
NSAID 
Placebo 
Stretch 
Ice 
Placebo 



Table 1-15. Continued. 

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

Pellets 
Ointment 
Pellets 
Ice 
NSAID 
Ointment 
Stretch 
Ice 
Pellets 
Stretch 
Pellets 
Ice 
NSAID 
Ergometer 
Ointment 
Placebo 
Stretch 
Ointment 
Ergomet er 
Pellets 
Placebo 
Stretch 
Placebo 
Pellets 
Ergometer 
Pellets 
Pellets 
Placebo 
Ergometer 
Placebo 
NSAID 
NSAID 
Ergometer 
NSAID 

m. 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 d f MS F P 

Treatment 801.31 6 133.55 0.38 0.89 

Error 22402.93 63 355.60 

Time 1315.79 5 263.16 10.66 0. 00* 

Treatment vs. Time 842.61 3 0 28.09 1.14 0.29 

Error 7776.77 315 24.69 

-- - - - 

* Significant at pc.05 level 



Table 5-2. Active Wrist Extensicn ANOVA for Treatments and Time 

Source SS df MS F P 

Treatment 1741.69 6 290.28 1.03 0.42 

Error 

Time 

17830.57 63 283.02 

10765.22 5 2153.04 61.11 0. OO* 

Treatment vs. Time 845.33 3 0 28.18 0.80 0.77 

Error 11098.90 315 35.23 

* Significant at pc.05 level 



Table 5-3. Passive Wrist Flexion ANOVA for Treatments and Time 

Source . SS d f MS F P 

- -  - 

Treatment 

Error 

Time 

1318.93 6 219.82 0.58 0.75 

24075.88 63 382.16 

808.40 5 161.68 9.65 0. OO* 

Treatment vs. Time 618.90 30 20.63 1.23 0.19 

Error 5277.28 315 16.75 

* Significant at pc.05 level 





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

Source SS d f MS F P 

Treatment 

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 pe.05 level 



Table 5-6. 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 pc.05 level 



Table 5-7. VAS ANOVA for Treatments and Time 

Source SS df MS F P 

,Treatment 

Error 

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 pc.05 level 
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Table J-11. Eccentric Total Work ANOVA for Treatments and Time 

Treatment 1849.13 6 308.19 0.99 0.44 

Error 19655.45 63 311.99 

TFme 6153.13 5 1230.63 62.66 0. OO* 

Treatment vs. Time 401.72 3 0 13.39 0.68 0.90 

Error 6186.65 315 19.64 

* Significant at pc.05 level 



Table 5-12. 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 

Error 224.15 315 0.71 

Significant at pc.05 level 





Tzble 5 -14 .  Angle of Peak Concentric Torque ANOVA for Treatments 
and Time 

Source 

Treatment 2820.11429 6 470.01905 0.37 0.8971 

Error 80674.13333 63 1280'. 54180 

Time 3962.71429 5 792.54286 3.65 0.0032f 

Treatment vs.  Time 4458.28571 30 148.60952 0.68 0.8951 

Error 68387.66667 315 217.10370 

Significant at pc.05 level 





APPENDIX K 

NEWMAN-KEULS POST-HOC TABLES ~ 





Table K-2. Newman-Keuls Procedure for Forearm Girth 

Time 

Mean Assessment 1 6 5 3 4 2 

* Significant at pc.05 level 
Critical value = 0.7223 



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

Time 

Mean . Assessment 1 5 6 4 3 2 

1712.7500 1 

1716.7500 5 

1722.1071 6 

1723.6786 4 .  

1729.7857 3 

1777.7571 2 * * 

* Significant at pc.05 level 
Critical value = 26.8546 







Table K-6. Newman-Keuls Procedure for Concentric Total Work 

Time 

Mean Assessment 2 3 4 5 6 1 

* Signif !.cant at pc.05 level 
Critical value = 2.1768 
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APPENDIX L 

ANOVA TABLES FOR DELTA VALUES OVER TIME 



Table L-1. Active Wrist Flexion ANOVA for Delta Values Over Time 

Source SS d f MS F P 

Treatment 367.48 6 61.25 1.73 0.1276 

Error 2224.50 63 35.31 

Time 644.18 2 332.09 7.41 0.0009* 

Treatment vs. Time 358.17 12 29.85 0.69 0.7614 

Error 5473.65 126 43.44 

Significant at pc.05 level 



Table L-2. Active Wrist Extension ANOVA for Delta Values Over 
Time 

Source SS df MS F P 

Treatment 209.25 6 .  34.88 1.04 0.4077 

Error 2110.95 63 33.51 

Time 226.43 2 113.22 . 2.69 0.0720 

Treatment vs. Time 231.65 12 19.30 0.46 0.9353 

Error 5310.59 126 42.15 

* Significant at pc.05 level 



T a b l e  L-3. P a s s i v e  Wrist F l e x i o n  ANOVA for D e l t a  V a l u e s  O v e r  T i m e  

S o u r c e  , SS d f MS F P 

T r e a t m e n t  80.89 6 ,  13.48 1.14 0.3479 

E r r o r  742.77 6 3 11.79 

T i m e  596.24 2 298.12 . 7.91 0.0006f 

T r e a t m e n t v s .  Time 439.95 12 36.66 0.97 0.4782 

E r r o r  4747.98 126 37.68 

* S i g n i f i c a n t  at  pc.05 level 



Table L-4. Passive Wrist Extension ANOVA for Delta Values Over 
Time 

Source SS d f MS F P 

Treatment 18.35 6 3.06 0.23 0.9666 

Error 849.75 6 3 13.49 . 

Time 226.12 2 113.06 2.99 0.0539 

Treatment vs. Time 514.63 12 42.89 1.13 0.3392 

Error 4766.75 126 37.83 

- - - 

* Significant at pc.05 level 



Table L-5. Forearm Girth ANOVA for Delta Values Over Time 

Source SS d f MS F P 

Treatment 1.30 6 0.22 0.29 0.9405 

Error 47.50 63 0.75 

Time ?.I4 2 3.57 1.79 0.1715 

Treatment vs. Time 21.98 12 1.83 0.92 0.5311 

Error 251.38 126 1.99 

Significant at pc.05 level 





Table L-7. VAS ANOVA for Delta Values Over Time 

Source SS d f MS F P 

Treatment 12 .60  6  2 . 1 0  1 . 3 9  0 .2315  

Error 94.98  63 1 . 5 1  . 

Time 57 .17  2  28 .58  7 . 4 6  0 .0009* 

Treatment vs. Time 58.06  12 4 . 8 4  1 . 2 6  0 .2487  

Error 482 .71  126 3 . 8 3  

- 

* Significant at p c . 0 5  level 





Table L-9. Isometric Wrist Extension ANOVA for Delta Values Over 
Time 

Source 

Treatment 12.39 6 2.07 0.18 0.9822 

Error 736.86 63 11.70 

Time 429.75 2 214.87 7.91 0.0006* 

Treatment vs. Time 314.94 12 26.24 0.97 0.4841 

Error 3420.82 126 27.15 

* Significant at pc.05 level 





Table L-11. Eccentric Total Work ANOVA for Delta Values Over Time 

Source SS df MS F P 

Treatment 55.76 6 9.29 0.70 0.6524 

Error 839.27 6 3 13.32 

Time 376.47 2 188.23 7.15 0.0011f 

Treatment vs. Time 381.27 12 31.77 1.21 0.2854 

Error 3316.93 126 26.32 

* Significant at pc.05 level 



Table L-12. Concentric Average Peak Torque ANOVA f o r  Delta Values 
Over Time 

Source SS d f MS F P 

Treatment 1.83 6 0.30 0.64 0.6978 

Error 30.00 6 3 0.48 

Time 1.21 2 0.60 0.48 0.6204 

Treatment vs. Time 12.46 12 1.04 0.82 0.6269 

Error 159.00 126 1.26 

- -- - 

* Signif icant  a t  pc.05 l eve l  



Table L-13. Eccentric Average Peak Torque ANOVA for Delta Values 
Over Time 

Source SS d f MS F P 

Treatment 4.32 6 0.72 1.11 0.3646 

Error 40.77 63 0.65 

Time 35.70 2 17.85 8.55 0.0003f 

Treatment vs. Time 40.50 12 3.38 1.62 0.0950 

Error 263.13 126 2.09 

* Significant at pc.05 level 



Table L-14. Angle of Concentric Peak Torque ANOVA for Delta 
Values Over Time 

Source SS df MS F P 

Treatment 

Error 

Time 324.84 2 162.42 0.43 0.6505 

Treatment vs. Time 2146.10 12 178.84 0.48 0.9349 

Error 47435.73 126 376.47 

* Significant at pc.05 level 



Table L-15. +ngle of Eccentric Peak Torque ANOVA for Delta 
Values Over Time 

Source SS d f MS F P 

Treatment 344.99 6 57.50 0.64 0.6969 

Error 5650.27 63 89.69, 

Time 223.54 2 111.77 0.50 0.6067 

Treatment vs. Time 2195.52 12 182.96 0.82 0.6269 

Error 28070.93 126 222.79 

* Significant at pc.05 level 


