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That is why PRO offers eight different supports that address patella
control problems. No matter which support you choose you can be
assured of the same quality construction from 100% neoprene rubber.
Only 100% neoprene offers the compression, therapeutic heat retention,
and proprioceptive feedback you have come to expect from PRO products.
This brace offers intermediate patella stabilization.
Built-in channel around patella opening contains a soft
flexible foam core that aids in patella stabilization. Four
geometrically opposed openings on the inside of the
channel allow access to the foam core. This allows the
user to remove one or more sections, if desired, to
customize patella stabilizer.
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compression and support. Lateral felt crescent sewn to the
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Featuring a patella control horseshoe sewn in the inferior
position. This brace aids in altering the mechanics of
patella- femoral articulation. Effective in providing relief
to chondromalacia complaints. Also effective in patella
tracking disorders.

This brace features a moveable horseshoe that attaches
to the inside of the support utilizing the compression of
the sleeve to maximize the effectiveness of the horseshoe.
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foam pads or low profile
neoprene pads
(shown below).

New Technology
#177 Guardian Ankle
Semi-rigid ankle brace
increases protection
and support.

me Dauid
Exclusive, contoured
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Reinforced uprights
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and durability.
Exclusive hinge
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resists medial
compression for
extra protection.
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easy to wear.
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Patent Pending.
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BAR 1 GROIN/THIGH
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1. Adductor strains
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b. Sartorius
2. Quadriceps/rectus femoris
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4. Hip flexor strain
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the NHL — takes a revolutionary
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treatment of groin/thigh injuries.
The BAR 1 supports contractile
tissue by mechanically supporting the
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damaged soft tissue is healing.
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THE PROVEN ONE
The SAWA SHOULDER BRACE

is a major advancement in the
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and athletic trainers for the effective treatment and prevention of
ankle injuries. Today, theASO continues to outpace the competition.
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No one has been able to match the proven
effectiveness of the ASO's patented stabilizing straps which functionally mirror the
stirrup technique of an athletic taping
application. The calcaneus is captured,
effectively locking the heel. Thin, durable
ballistic nylon construction allows the
ASO to fit easily and comfortably into a
normal athletic or street shoe.

Additional design innovations include a
sturdy Neoprene closure that keeps laces
and stabilizing straps secure. The Cool Flex tongue material is
"breathable" and cooler to wear. A larger heel opening allows the
foot to easily "seat itself" for optimum fit and
comfort. And convenient finger loops allow the
patient to firmly secure the stabilizing straps.
For more information about the ASO
and the distributor near you, call
Medical Specialties, 1-800-334-4143.
ASO® is a registered trademark of Medical Specialties
Inc.. 4600 Lebanon Road. Charlotte. NC 28227. ©1997. U.S. Patent #5,067
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Facing Tomorrow's Medical Changes Today
Kent P. Falb, ATC, PT
President, NATA
s
Consider this premise, if you will. Leaders: they generate ideas and foresee the concepts, policies, and challenge
of the future. They see opportunities. They think globally.
's
Followers: they attend only to immediate details. They see only today's problems and fail to plan for tomorrow
uncertainties and challenges. Their thinking is microcosmic.
have
My full-time job is as a professional sports health care provider. Therefore, any health care reform will likely
and
a minor impact on my practice, and I could remain comfortably secluded and unconcerned about the current
the
as
However,
future challenges that are confronting nearly all this nation's health care professionals and providers.
Medical
elected leader of the National Athletic Trainers' Association, whose members serve in an American
,
obligation
the
and
ility
responsib
the
Association-approved allied health care provider profession, I am charged with
affect
and I have adopted a personal commitment and philosophy, to address those issues that challenge and directly
the majority of the health care professionals that I represent.
In my travels on behalf of the NATA, I have become acutely aware that many health care professionals are failing
state
to realize that tomorrow's medical changes are being conceived, nurtured, and implemented today by federal and
politicians and cost-conscious insurance carriers.
We, as well as the constituents with whom we share offices and athletic training rooms and clinics, are learning
and
too quickly, and often too harshly, the enormous impact of managed health care programs, cost controls,
the
of
aware
well
are
we
personnel reductions on our professional lives and our financial status. At the same time,
large negative effect on the quality of patient care that we can and do provide.
in the
Occurring today are other changes that will also affect future health care services. These include an increase
medical
ic
aging population, an increased number of active Americans, the escalating cost of advanced technolog
is the
equipment, and pending reductions in worker's compensation medical benefits. Of the most concern
alter
yes,
and,
influence,
ever-expanding competition for the dwindling health care dollar. All these factors will
tomorrow's health care delivery system. . . and we are already seeing the effects today.
Regrettably, no one can accurately predict or completely foresee tomorrow's changes in the health care delivery
ly or
system. However, we can predict with great certainty that today's changes, whether imposed legislative
cooperatively or generated by professional visionaries, will determine tomorrow's system.
fully
As the leaders of both today and tomorrow, we are obligated to, first, thoroughly evaluate; second, to
changes
comprehend and appreciate the complexities; and last, to accept and work within the context of the current
succeed
also
but
of,
challenges
the
meet
and trends so that we can adequately, appropriately, and successfully not only
in, tomorrow's health care system.
of
In this limited forum, I cannot present a comprehensive plan or strategy to allow us to address and meet each
changes
that
you
assure
tomorrow's changes today and to guarantee the achievement of these goals. However, I can
s,
in health care are occurring and that we cannot address each issue separately as individuals, as individual profession
ation.
communic
ssional
interprofe
lacking
or as professional associations separated by disharmony and distrust and
open
To face tomorrow's medical changes today, we must agree to work together in an atmosphere of
and
communication, harmony, and mutual professional respect. Our basic patient care skills are strikingly similar
skilled.
are
ers
practition
our
compatible, although our specialties are unique. We have all been taught well, and
Lacking, however, are the necessary mutual understanding and respect for each other's knowledge and skills.
,
Without question, if we work together, we can develop creative, innovative, and cost-effective prevention
mistrust,
historic
treatment, and rehabilitation programs for the people seeking our expertise. Individual egos,
in the
misperceptions, and hidden agendas can no longer be tolerated. If our professions are to coexist and succeed
today]
it
do
—but
health care spectrum, we must jointly address the health care challenges of tomorrow
204
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Like it or not, our government and our insurance companies will control future health care services. They will
determine the reimbursement systems: to whom, for how much, and for how long. United, we can positively influence
legislative decisions. If we are fragmented and maintain our current mindsets, less skilled and less academically
prepared health care providers may become the providers of the services for which we are the proven experts.
If we consider these results unwanted and undesirable, we must think about the challenges before us. Let us work
together in cooperation rather than confrontation. We can succeed in tomorrow's changes if we work together todav.

Editor's Note
David H. Perrin, PhD, ATC
This editorial is based on remarks delivered at the Joint Seminar of the National Athletic Trainers' Association and
the American Physical Therapy Association Sports Medicine Section in Los Angeles on February 20, 1998.
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etters to the Editor
To the Editor:
I am in agreement with the editorial,
"Redefining Our Actions To Better Re
flect Our Profession," presented by
Peggy A. Houglum, MS, PT, ATC, in the
January-March 1998 issue of the Journal
of Athletic Training. In order for other
professionals to respect us, we must
respect ourselves and our chosen profes
sion. Too many times we find ourselves
giving more than is reasonable because
that is the way it has always been done.
We work long hours, at understaffed
institutions, for low wages just because
that is how it has always been done. It is
an expectation that grew out of our
organizational culture as a profession.

206

Our predecessors did it in order to create
a niche. We continue to do it because we
don't know how to stop it.
We, as a profession, are evolving and
growing. Changes have to be made if we
want to continue to evolve profession
ally. It is time that we change the out
moded paradigm in which we operate. It
is time that we start to take control of our
lives professionally. Athletic trainers, es
pecially in the college setting, should be
looking at a paradigm change. They
should be questioning the whys and
hows of the way things are done in that
setting. They should be asking them
selves how this came about. Was it my
decision as a health care professional? Or

Volume 33 • Number 3 • September 1998

was it a decision made by a non-health
care professional based on outdated tra
dition? Until we are willing to ask these
types of questions, say no to unreason
able demands, and take control of our
professional lives, we are doomed to
remain tied to producing quantity and
not quality, as Peggy Houglum stated in
her editorial.
From an organizational perspective,
change is in the air. Ten years ago, you
would not have had a discussion about
these types of professional issues.
Timothy J. Adams, MPA, PT, ATC
Colby College Health Services
Waterville, ME
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Physical Activity and Osteoporotic Fracture
Among Older Women
Lori W. Turner, PhD, RD*; Deidre Leaver-Dunn, PhD, ATC*;
Ro DiBrezzo, PhD*; Inza Fort, EdD*
* Department of Health Science, Kinesiology, Recreation, and Dance, The University of Arkansas, Fayetteville, AR
72701; f Department of Health Studies, The University of Alabama, Tuscaloosa, AL
Objective: To determine the importance of physical activity
in the occurrence of osteoporotic fracture and to examine the
impact of exercise frequency on osteoporotic fracture among a
national sample of women aged 50 years and older.
Design and Setting: This study involved female participants
in the Third National Health and Nutrition Examination Survey
(NHANES III), Phase 1.
Subjects: The sample consisted of 2,325 women aged 50
years and older who were interviewed for Phase 1 of NHANES
III.
Measurements: Predictor variables that were examined in
this study included heredity, age, race, body mass index,

F

ractures from osteoporosis are a major public health
problem in the western world. 1 Osteoporosis is one of the
most prevalent diseases of aging, affecting more than 25
million people in the United States, 80% of whom are women. 2
This disease is responsible for approximately 250,000 hip
fractures a year and an annual total of 1.5 million fractures in
the United States. 3 Among women in 1991, osteoporotic
fractures totaled more than 1 million.4 The economic cost of
osteoporotic fracture in the United States is estimated to be $10
to $12 billion annually, or $27 million a day. 1
The federal government has recognized the urgent need to
reduce the incidence of hip fractures and deaths from falls.5
Falls are the leading cause of death resulting from injury for
people aged 65 years and older. Federal government health
objectives aim to reduce hip fracture among people aged 65
and older so that hospitalizations are no more than 607 per
100,000 people.5 However, hospitalization rates for hip frac
tures for all people have increased from 714 per 100,000
people in 1988 to 814 per 100,000 in 1993. 6
In 1988, there were 2,721 hip fracture hospitalizations per
100,000, and, by 1993, this rate had increased to 3,035
hospitalizations per 100,000. 6 Older women are recognized as
a high-risk group for osteoporotic fracture. National health
objectives include the need to reduce hip fracture among white
women aged 65 years and older to 2,177 per 100,000.5
Unfortunately, hip fracture rates among white females over the
age of 65 are also increasing. 6
Physical activity has been shown to have positive impacts on
bone density. 7"9 Rogers and Evans 10 reported that the adapta

physical activity, smoking status, alcohol use, and dairy prod
uct intake. Multivariate analysis was conducted.
Results: Race, age, body mass index, and inactivity were
significant risk factors predicting the occurrence of osteopo
rotic fracture.
Conclusions: Athletic trainers in clinical settings are in an
ideal position to educate female patients about risk factors for
osteoporotic fracture. The clinical athletic trainer may incorpo
rate balance training, generalized strengthening, and other
fall-prevention activities into rehabilitation programs in order to
help prevent osteoporotic injuries.
Key Words: osteoporosis, bone density, exercise

tions in aging skeletal muscle to exercise training enhance the
ease of carrying out the activities of daily living and exert a
beneficial effect on osteoporosis. Muscle stresses are important
in fostering and maintaining bone mineral density. Other
research 11 shows that moderate levels of physical activity exert
a protective effect against hip fracture in postmenopausal
women. However, much information regarding physical activ
ity is unknown. Since factors other than exercise play major
roles in the development of this disease, the order of impor
tance of physical activity, when compared with other risk
factors, is not known. 12' 13 While physical activity guidelines
exist for general health, specific exercise guidelines are not
available for bone health. 2
Certified athletic trainers are the ideal providers of health
care to the physically active. In this role, athletic trainers are
faced with injuries and other health issues of physically active
individuals, including geriatric populations. It is imperative
that athletic trainers be well versed in the health concerns, such
as osteoporosis, that are unique to members of this population.
Most certified athletic trainers are employed in clinical
settings. In the clinical setting, in particular, athletic trainers
will be called on to develop rehabilitation protocols for female
patients. Because this segment of the population is more prone
to the development of osteoporosis, an awareness of the role
that physical activity plays will help the athletic trainer design
programs to assist in osteoporosis prevention and the mitiga
tion of osteoporotic symptoms. Our purpose was to determine
the importance of physical activity in the occurrence of
osteoporotic fracture and to examine the impact of exercise
Journal of Athletic Training
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frequency on osteoporotic fracture among a national sample of
women aged 50 years and older.
METHODS

Subjects

The subjects included in this study were participants in the
Third National Health and Nutrition Examination Survey
(NHANES III), Phase 1. Subjects were selected from the
civilian, noninstitutionalized population aged 2 months and
older of the United States from 1988-1991 (n = 20,277). 6 This
largest-scale national health survey was conducted by the
National Center for Health Statistics.
A total of 20,277 sample persons were identified for Phase
1; 17,464 sample persons (86%) were interviewed. 15 For
purposes of this study, only women aged 50 years and older
were studied because osteoporosis has been studied most
extensively in older women. 16 In addition, these women were
considered at risk for osteoporotic fractures. 17 The sample for
this study included 2,325 women aged 50 years and older who
resided in households interviewed for NHANES III, Phase 1.
The mean age of the women in this study was 68.8 years
(SD = 11.5, range, 50 to 100). Thirty-seven percent (n = 867)
of the women were aged 50 to 64 years, while 63% (n =
1,458) were 65 years or older. Fifty-nine percent (n = 1,364)
were white, 22% (n = 505) were black, 18% (n = 409) were
Hispanic American, and 2% (n = 47) were from other
ethnicities (1% is attributable to rounding error).
Oversampling of older and minority populations, a unique
feature of NHANES III, is evident in these frequencies. A total
of 195 women experienced either a wrist and/or a hip fracture.
Data Collection

Phase 1 data collection took place between October 1988
and October 1991. Hispanic Americans, African Americans,
and people aged 60 years and older were oversampled to
provide reliable estimates of health and nutritional character
istics for these groups. 18
The 9 predictor variables examined in this study have been
frequently cited as risk factors for osteoporotic fracture.' They
included age, race, biologic mother's osteoporosis status,
biologic mother's hip fracture status, body mass index (BMI),
physical activity, smoking status, alcohol use, and dairy prod
uct intake. Physical activity information was obtained from

self-reported data for the following items: "In the past month,
how often did you walk a mile or more at a time without
stopping; jog or run; ride a bicycle or an exercise bicycle;
swim; do aerobics or aerobic dancing; do other dancing; do
calisthenics or exercises; do gardening or yard work; lift
weights; do other exercises, sports, or physically active hobbies
not mentioned?" Data from each of these responses were
summarized to yield a total frequency of physical activity
variable. Physical activity was defined in terms of frequency
per week.
For general fitness, 20 minutes of exercise 3 times a week is
recommended; however, specific guidelines do not exist for
bone health. 2 Several studies on bone density and exercise
suggest exercise frequencies of 3 times a week, 19'20 while some
evidence suggests more moderate activity of 2 times a week
may be beneficial.21 Therefore, we examined both activity
levels.
The outcome variable, osteoporotic fracture status, was
measured by self-reported information obtained from the
following items: "Has a doctor ever told you that you had
broken or fractured your hip or wrist?" and "Was that fracture
a result of a fall from standing height or less, harder fall, or
severe trauma?" ("Harder fall" refers to a fall from a greater
height.) Women who respond yes to 1 or both of the fracture
questions and yes to the fracture being a result of a fall from
standing height or less were classified as positive for osteopo
rotic fracture status.
Data Analysis

Data for this study were analyzed to develop a predictive
model for occurrence of osteoporotic fracture in women aged
50 years and older. A stepwise logistic regression procedure
was used. Statistical tests were performed using the PC version
of Statistical Analysis System programs (version 6.11, SAS
Institute, Gary, NC). SAS programs, widely used in social
science research, are commonly used for multivariate analyses. 22
RESULTS

Logistic regression analyses are displayed in the Table.
Race, age, BMI, and inactivity were significant risk factors
predicting the occurrence of osteoporotic fracture. Smoking
status, alcohol use, dairy product use, activity frequency level
of 3 times a week, and measures of heredity (biologic mother's

Independent Risk Factors for Osteoporotic Fracture (n = 2,325)
Variable
Black
Hispanic
Age (>65 y)
BMI (low)
Inactivity (exercise <2 times/wk)
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Standard
Estimate

P Value

Odds
Ratio

Confidence
Interval

-0.381494
-0.155265
0.448795
0.073832
0.157484

.0001
.0026
.0001
.0500
.0007

0.186
0.477
5.390
1.427
1.838

0.100, 0.349
0.295, 0.772
3.273, 8.878
1.000,2.037
1.293,2.613
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osteoporosis and hip fracture status) were not significant.
Activity frequency of 2 or more times per week was signifi
cant.
Analysis of race was conducted using white as the reference;
results indicated that being black is a significant protective
factor (odds ratio (OR) = 0.186, confidence interval (CI) =
0.100, 0.349), as is being Hispanic (OR = 0.477, CI - 0.295,
0.772). Being 65 years of age or older was a significant risk
(OR = 5.390, CI = 3.273, 8.878). Being underweight (OR =
1.427, CI = 1.000, 2.037) or inactive (OR = 1.838, CI =
1.293, 2.613) were also significant risk factors. When control
ling for other variables, age, race, BMI, and inactivity re
mained independently significant.
When compared with white women, black women were 19%
less likely to suffer a fracture, while Hispanic women were
48% less likely to experience a fracture. Women aged 65 years
or older were 4.39 times more likely than women aged 50 to 64
years to suffer an osteoporotic fracture. Women with low BMI
were 43% more likely to experience fracture than women in
BMI categories of normal, overweight, or severely overweight,
while inactive women were 84% more likely to suffer a
fracture than females who were active 2 or more times per
week.
DISCUSSION AND RECOMMENDATIONS

Physical activity has been shown to have positive impacts on
bone density. 7'9 Rogers and Evans 10 reported that the adapta
tions in aging skeletal muscle to exercise training enhance the
ease of carrying out the activities of daily living and exert a
beneficial effect on osteoporosis. Other research 11 indicates
that moderate levels of physical activity exert a protective
effect against hip fracture in postmenopausal women. Our
findings confirm present research regarding physical activity.
Physical activity was a greater predictor for fracture than
heredity, smoking status, alcohol use, and dairy product intake.
When providing care to older females, athletic trainers can
apply this information and emphasize the strong role physical
activity plays in fracture risk. They can design programs that
include physical activity and be aware of the presence of other
risk factors when dealing with older women who are physically
active.
Our results can be applied to 2 domains of athletic training,
including the prevention of injuries and rehabilitation and
reconditioning. Frequency and intensity of activity are impor
tant considerations in both domains. This study supports the
concept that moderate activity of 2 or more times per week
should be suggested; modest physical activity is recommended
to help minimize bone loss. 23 Athletic trainers working with
patients in the clinical setting should be keenly aware of the
relationships between physical activity and osteoporotic frac
ture when establishing short-term and long-term goals for
at-risk patients. Appropriate levels and intensities of physical
activity should be included in the rehabilitation plan goals.
An important consideration in establishing goals is the type
of activity. The American College of Sports Medicine position

statement24 regarding physical activity and osteoporosis pre
vention states that weightbearing activity is essential for
maintaining skeletal integrity. An optimal exercise program for
older women includes activities for improving strength, flexi
bility, and coordination, since improvements in these areas
reduce the likelihood of falls and fractures. 24 Weightbearing,
use of gravitational force, or mechanical loading is suggest
ed.25 Physical stress is a major stimulus for the remodeling and
strengthening of bone; bone tissue adapts to the stress loads it
experiences. 26 Therefore, swimming, which is considered a
weight-supported activity, is less effective than other weightbearing activities.27 Athletic trainers should design programs
that include resistance training to achieve these goals.
Pollock and Brechue28 recommended approximately 2 ses
sions per week of strength-training exercises. They suggest a
minimum of 15 minutes of muscle conditioning per session,
preceded by a warm-up and followed by a cool-down program.
Erickson and Sevier29 recommended 30 minutes of weightbearing activity a day for older women. Some researchers
prefer calisthenics and/or the use of resistance exercise equip
ment, such as Nautilus machines (Nautilus International, Inde
pendence, VA). 28 Resistance exercise equipment that is de
signed to protect the lower back and prevent loss of balance
should be used. A program that involves starting with light
weights and gradually increasing resistance in small incre
ments is suggested.
Researchers also recommend other types of physical activity
for the older patient, including walking, cycling, low-impact
aerobics, rowing, and step aerobics. 28 Running or jogging,
basketball, rope skipping, and high-impact aerobics are dis
couraged for most older patients. Naturally, the selection of
type of activity will vary according to the physical status and
preferences of the individual. While physical activity is rec
ommended for osteoporosis prevention, excessive exercise is
discouraged, since this can lower bone density and precipitate
fractures. 29
While athletic trainers are the ideal providers of health care
to the physically active, due to variations in state laws
governing athletic training, athletic trainers in clinical settings
may assist with the rehabilitation of patients who are not
physically active. This offers an excellent opportunity to
educate female patients about the risk factors for osteoporotic
fracture, especially regarding the importance of physical activ
ity. Athletic trainers can encourage inactive women to avoid a
sedentary lifestyle and to begin a moderate and safe exercise
program.
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Objective: To examine the effect of 15 minutes of upper and
lower extremity exercise on raising intramuscular temperature
in the triceps surae to 39°C to 45°C (the therapeutic range).
Design and Setting: Intramuscular temperature was mea
sured 5 cm deep in the triceps surae using a 23-gauge
thermistor needle microprobe connected to a monitor. Each
subject was tested under 3 conditions: 15 minutes of rest, 15
minutes of jogging on a treadmill, and 15 minutes of handpedaling an upper-body ergometer. Exercise bouts were per
formed at 70% of each subject's maximum heart rate.
Subjects: Six males, either sedentary or recreational athletes
(age = 21.3 ± 2.9 years; ht = 176.8 ± 6.0 cm; wt = 72.7 ± 11.6
kg; resting heart rate = 57.8 ± 6.74 bpm; target heart rate =
156.5 ± 3.0 bpm), volunteered to participate in this experiment.
Measurements: Intramuscular temperature was measured
at a depth of 5 cm before and after each test condition.

A

thletic trainers employ many methods of heating ath
letes' muscles before stretching, performing rehabilita
tion exercises, and engaging in intense activity. Some
documented benefits of heating deep tissues include increased
blood flow and metabolic rates, reduced pain, and decreased
muscle spasm. 1 "4
Local muscle contractility may be increased due to the
effect of rapid warming on neuromuscular control. 3"5 Of
particular importance is the evidence that raising intramus
cular temperature increases the extensibility of the musculotendinous unit. 6 "9 This increased extensibility decreases
the risk of injury to the musculotendinous junction by
allowing the unit to withstand greater forces without rup
ture. To obtain optimal thermal benefits, the intramuscular
temperature should reach at least 39°C to 45°C. 6'7 '9' 10
Research has shown that, of the commonly used passive
modalities, only ultrasound and shortwave diathermy can
increase intramuscular temperature to that range at a tissue
depth of 5 cm. 11 ' 12 Superficial heat, including hydrocollator

Results: Data analyses consisted of analyses of variance
with repeated measures and a Tukey post hoc test (P < .05).
The results showed a significant temperature increase over
baseline after exercise on the treadmill (2.2°C ± 0.63°C);
however, it did not yield temperature increases > 39°C. No
significant temperature change occurred after exercise on the
upper-body ergometer (-0.45°C ± 0.80°C).
Conclusions: Active exercise increased intramuscular tem
perature in working muscles but did not affect intramuscular
temperature in nonworking muscles. In addition, 15 minutes of
jogging on a treadmill at 70% of maximum heart rate was not
sufficient to raise intramuscular temperature to 39°C to 45°C.
Key Words: warm-up, jogging, upper-body ergometer

packs and whirlpools, increase this temperature only to a
depth of 1 to 2 cm and, therefore, the extensibility of the
deep musculotendinous unit is not affected. 1 ' 13 ' 14
Active warm-ups affect the body in a variety of ways. In
response to the body's increased metabolic rate, there is an
increase in oxygen uptake. In proportion to the level of
intensity of the exercise, heart rate, tidal volume, blood lactate
levels, and pulmonary ventilation also increase. 15 For a given
exercise intensity, blood pressure increases to a point, but tends
to plateau and even decrease after extended periods of time. 16
Blood temperature also increases as a result of increased
metabolic activity. 17 With the systemic increase in blood
temperature, it seems logical that the intramuscular tempera
ture of all muscles, both active and inactive, would increase as
well.
Many have studied the physiologic effects of an active
warm-up, 18 "20 though few have actually measured intramuscular
temperatures. Saltin and Hermansen 19 found significant increases
in intramuscular temperature, within the therapeutic range, after
Journal of Athletic Training
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exercising for 60 minutes. Temperature readings, however, were
taken only at the beginning and end of each exercise bout;
therefore, it is unclear at what point the muscle tissue reached
therapeutic temperature levels. One hour is not a practical length
for a warm-up, since fatigue could result. In addition, it is not
always possible to actively exercise a particular muscle due to
injury or surgery. Our purpose was to compare the intramuscular
temperature of the triceps surae after jogging on a treadmill and
after hand-pedaling an upper body ergometer.
METHODS

Subjects
Six males, either sedentary or recreational athletes (age =
21.3 ± 2.9 years; ht = 176.8 ± 6.0 cm; wt = 72.7 ± 11.6kg),
volunteered as participants in the experiment. Each subject's
vertical skinfold thickness on the medial aspect of the right leg,
at the point of the greatest girth, was less than 15 mm
(skinfold = 8.9 ± 2.4 mm) (Skyndex skinfold caliper, Caldwell, Justiss, and Co, Inc, Fayetteville, AR). Both the place
ment of the thermistor at this site and the limit set (<15 mm)
on each subject's skinfold measurement ensured that the
thermistor was sufficiently inserted within muscle.2'21 The
thermistor was 50 mm in length, necessitating that skinfold
thickness be less than 15 mm to ensure that most of the
thermistor was within muscle tissue. All subjects were free
from infection and injury to this area within 6 months of the
experiment. Each subject was instructed about the procedures
and risks and was given the option to view a videotape that
illustrated what the procedure entailed. Each subject signed a
consent form. The investigation was approved by the Univer
sity of Virginia's Human Investigation Committee.
Instruments
A 23-gauge thermistor needle microprobe (Physitemp
MT-23/5, Physitemp Instruments, Clifton, NJ) was con
nected to a monitor (BAT- 10, Physitemp Instruments),
which provided a digital temperature reading in degrees
Celsius. According to the manufacturer, the microprobe is
accurate to ± 0.1 °C and the monitor is accurate to ± 0.1 °C.
Therefore, the system is accurate to ± 0.2°C. The subjects'
heart rates were monitored with a Polar Fitness Heart Rate
Monitor (M-F Athletic Company, Cranston, RI), which was
strapped to the chest.

target heart rate (THR), as determined by the Karvonen
method: 22
220 — age = MHR (maximum heart rate)
MHR - RHR (resting heart rate) = HRR (heart rate reserve)
(HRR X 0.70) + RHR = THR
The resting heart rate was taken by the individual upon waking
in the morning.
Subjects were tested under each condition at a minimum of
1-week intervals to allow the leg to heal where the thermistor
was inserted. The fully counterbalanced, repeated-measures
(pretest and posttest for all treatments) design included random
assignment of each subject to 1 of 6 groups (n = 6) (Table 1).
Before each trial, subjects rested in a recumbent position for
20 minutes and did not engage in any activity between the rest
period and the treatment condition. The environmental condi
tions of the room were controlled, and the temperature re
mained constant (22°C) for all testing. With the subject prone,
the examiner measured and determined the greatest girth of the
leg with a tape measure. At this widest point, a carpenter's
square was placed on the posterior aspect of the leg. The
examiner made a mark 5 cm anterior to the square on the
medial aspect of the triceps surae (Figure 1), which served as
the site for the thermistor placement. This area was then
shaved, cleansed with a Betadine Scrub (The Purdue Frederick
Company, Norwalk, CT), and swabbed with 70% isopropyl
alcohol. An injection of 3 cc of 1% lidocaine (Xylocaine, Astra
USA, Inc, Westboro, MA), buffered with 1 cc of 1 rnEq of
sodium bicarbonate, was given intramuscularly to anesthetize
the area. Because epinephrine was not administered with the
lidocaine, the vascular response to the injection was mini
mized.
Insertion of the thermistor took place 1 minute after the
lidocaine injection to allow for the anesthetic response. The
subject lay supine with the right knee flexed at 90°. The
thermistor was inserted horizontally toward the lateral aspect
of the right leg in the previously marked site. The thermistor
was inserted completely, which placed it 5 cm deep to the
medial surface, into the tissue (Figure 2), ensuring that the
thermistor was implanted in muscle, not tendon.2'21 At the
beginning of each testing condition, the intramuscular temper
ature was allowed to equilibrate for 3 minutes (baseline
temperature). After the baseline temperature was recorded, the
thermistor was removed and the injection site was cleansed
with Betadine and bandaged.
The subject then proceeded to the selected test condition.
For the control condition, the subject rested in a seated position
Table 1 . Counterbalanced Treatment Order

Procedures
Each subject was tested under each of the 3 test conditions:
15 minutes of rest, 15 minutes jogging on a treadmill (DesmoE,
Woodway, Waukeshe, WI), and 15 minutes hand-pedaling an
upper-body ergometer (UBE) (Biodex Upper Body Cycle
945-130, Biodex, Shirley, NY). Subjects exercised at their
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Subjects

Treatment Order

1
2
3
4
5
6

Control, treadmill, upper body ergometer
Control, upper body ergometer, treadmill
Treadmill, upper body ergometer, control
Treadmill, control, upper body ergometer
Upper body ergometer, control, treadmill
Upper body ergometer, treadmill, control

subject was dismissed. Subjects were instructed to continue
their normal daily routine and exercise during each week of
testing. Between subjects, the thermistor was decontaminated
for 30 minutes with Cidex (Johnson & Johnson, Inc, New
Brunswick, NJ) and then sterilized using ethylene oxide gas.
No complications or infections were reported with this exper
iment.
Statistical Analysis
Data analysis consisted of analysis of variance with repeated
measures and a Tukey post hoc test at the 0.05 alpha level. The
analysis was done using SPSS for Windows (version 6.01,
SPSS Inc, Chicago, IL).
Figure 1. Technique used to locate the site for thermistor place
ment.

RESULTS

All means and standard deviations for pretemperature and
posttemperature measurements are listed in Table 2. An inter
action was found between the treatment and the test. Intramus
cular temperature in the triceps surae was increased after
treadmill running at 70% of maximal heart rate, but not after
the UBE or rest (F2 10 = 69.36, P < .001). All pretest baseline
temperature measures were significantly different for all
groups.
DISCUSSION

Figure 2. The thermistor was inserted completely, which meant it
was placed 5 cm deep into the triceps surae beginning on the
medial aspect of the leg.

for 15 minutes. Before each exercise bout, a heart rate monitor
was placed on the subject's chest. The examiner adjusted the
speed of each activity in order to ensure that the subject stayed
within 10 beats/min of the target heart rate. For the exercise
bout on the UBE, subjects hand-pedaled in a seated position for
15 minutes while maintaining their target heart rate. Similarly,
during the treadmill trial, subjects jogged on the treadmill for
15 minutes while trying to maintain their target heart rate.
Immediately at the end of each 15-minute trial period, the
subject returned to the table where the thermistor was initially
inserted. Approximately 30 seconds elapsed between the end
of the exercise bout and the recording of the final temperature.
At this time, the thermistor was reinserted in the same location
as during the pretest to obtain a final peak temperature reading.
After the final readings were taken from the monitor, the
thermistor was removed, the area was cleansed with Betadine,
and an antibiotic ointment and bandage were applied to the
injection site. An ice pack was placed on the area for 10
minutes to reduce the risk of hematoma formation; then the

While the increase in intramuscular temperature with exer
cise on the treadmill was significantly different from both the
control and the UBE conditions, it did not reach 39°C to 45°C
at a depth of 5 cm, except in 1 subject. This increased
temperature did not fall into the temperature range previously
identified as allowing for increased collagen extensibili
ty. 6'7'9' 10 However, none of these studies assessed the effects
on tissue extensibility at temperatures between 36°C and 38°C.
With the exception of 1 subject (39.3°C), our procedures failed
to raise muscle temperature to > 39°C. The mean temperature
after the running was 38.7°C (an increase of 2.2°C). When
baseline muscle temperature is 36°C to 37°C, an increase of
1°C (mild heating) accelerates metabolic rate in tissue. In
creases of 2°C to 3°C (moderate heating) reduce muscle spasm
and pain, increase blood flow, increase the contractile proper
ties of muscle, and reduce chronic inflammation. Based upon
this, although increased tissue extensibility may have been
minimal in our study, the benefits of moderate temperature
increases probably occurred. 8'23"26
Table 2. Triceps Surae Muscle Temperature Changes Following
Exercise Bouts (°C) (Mean ± SD)
Treatment Condition
Control
UBE
Treadmill

Pre

Post

Difference

35,.9 ± 0.6*
36,.4 ± 1.0*
36,.5 ± 0.6*

35..7 ± 0,.3
35..9 ± 0,.6
38.,7 ± 0,.4

-.17 ± .46
-.45 ± .80*
2.20 ± .63*

indicates significant findings.
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Temperatures fluctuated greatly (but not significantly) be
tween individuals, with temperature changes ranging from
-0.8°C to +0.4°C. We theorize that this may be due, in part,
to the subjects' varying levels of anxiety or emotional re
sponses, thereby influencing autonomic activity.
Subjects did not experience a significant temperature de
crease during the UBE exercise bout; however, 4 of 6 individ
ual subjects did experience a temperature decrease from
pretemperature to posttemperature measurements during the
UBE exercise bout. We believe several factors may be respon
sible for the temperature drop during these trials. During
indirect exercise, blood flow is increased to working muscles
to deliver more oxygen to them, clear waste products such as
carbon dioxide, and dissipate heat energy produced by an
increase in local cell metabolism. Although blood flow is
actually decreased to nonworking muscles, the skin overlying
nonworking muscles experiences an increase in blood flow.
The increased cutaneous blood flow attempts to cause systemic
cooling by increasing blood flow to surface tissues (heat
radiation) and sweat evaporation. 27'28 This energy transfer may
result in heat loss from the underlying muscle tissue by
conduction. The heat loss, combined with the decreased blood
flow to nonworking muscles, is possibly the cause of the
decreased intramuscular temperature in the leg during the
exercise bouts on the UBE. Regardless of how or why this
occurs, we suggest that one must actively exercise the muscle
in order to cause a significant temperature increase in that
muscle.
There was also a significant difference within subjects in
baseline temperatures from one experimental condition to
another. Human body temperature varies during and between
days. The variation in pretest temperature readings was within
a normal range.29 Due to scheduling restraints, subjects were
not always tested at the same time of day for every test
condition.
The intramuscular tissue temperature was measured only at
the beginning and end of each exercise bout; therefore, it is
unclear how long it took to reach peak temperatures or if it ever
occurred. Further research should intermittently measure tem
perature increases to determine the rate of change. Other
suggestions would be to repeat this experiment using different
intensities and durations of exercise to determine how intensely
an individual must exercise to increase intramuscular temper
ature to 39°C to 45°C.
Further studies are needed to understand the impact of a
range of temperatures (35°C to 45°C) in order to determine
critical values for the extensibility of the musculotendinous
unit. Currently, some of the research examining heating mo
dalities might be based on false assumptions derived from
previous research. All the research we found on musculoten
dinous extensibility was limited to comparisons of 2 tempera
tures. Each experiment concluded that the tissues at higher
temperatures (39°C to 45 °C) were significantly more extensi
ble than the tissues at lower temperatures (25°C to
35°C).6l7'9' l() These higher temperatures have been accepted as
214
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the critical values for optimal thermal benefits.2'21 Concomitantly, all the middle-range temperatures (36°C to 38°C) have
been dismissed without ever actually being tested. Perhaps we,
as clinicians, are performing lengthy, excessively heating
treatments in an effort to reach a tissue temperature of 39°C
that may turn out to be significantly higher than the critical
value for musculotendinous extensibility.
This experiment did not include members of the collegiate
athletic population. Typically, resting heart rates decrease as
fitness levels increase. Further research should include athletes
to determine if individuals with lower RHRs and more efficient
cardiovascular systems experience different rates of intramus
cular temperature increases than untrained individuals. Ath
letes typically also have lower percentages of body fat, and
thus, less insulation, which may affect intramuscular temper
atures.
CONCLUSIONS

Jogging on a treadmill significantly increased the intramus
cular temperature of the triceps surae, while hand-pedaling a
UBE did not. Exercise must be specific to a particular muscle
group in order to increase intramuscular temperature, which
may vary from day to day.
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Objective: Hamstring injuries can be quite debilitating and
often result in chronic problems. Eccentric muscle actions are
often the last line of defense against muscle injury and ligament
disruption. Traditionally, the focus of hamstring strength reha
bilitation has been on concentric muscle actions. The purpose
of our study was to compare hamstring muscle strength gains
in concentric and eccentric hamstring strength training.
Design and Setting: A randomized-group design was used
to examine differences in 1 -repetition maximum (1RM) and
isokinetic strength values among 3 groups of subjects. Sub
jects were tested in a biomechanics laboratory using an isoki
netic dynamometer, while training was carried out in a physical
therapy outpatient clinic.
Subjects: Twenty-seven healthy male subjects (age =
22.9 ± 3.1 years, wt = 81.8 ± 12.9 kg, ht = 178.6 ± 7.2 cm)
participated in this study. Subjects were randomly assigned to
1 of 3 treatment groups: eccentric training, concentric training,
or control.
Measurements: Subjects performed hamstring curls using
an isotonic weight training device. Pretest 1RM weight values
were determined for all subjects using a standardized 1RM

H

amstring injuries are a common and often debilitating
occurrence among athletes performing demanding ec
centric maneuvers. Many causative factors for these
injuries have been suggested, including hamstring weakness,
decreased flexibility, and improper flexor/extensor ratios. 1 '2
Some studies have suggested that poor eccentric hamstring
strength is a predisposing element to hamstring injuries in
sprinting athletes. 3 '4 Jonhagen et al3 revealed a significantly
higher hamstring eccentric peak torque in noninjured versus
previously injured groups. Hamstring muscle strain injuries
most frequently occur during the eccentric phase of an activi
ty.5- 8
Hamstring strength training has been widely used in the
prevention and rehabilitation of hamstring strains. Because
eccentric muscle actions are often the last line of defense
against muscle injury and ligament disruption, an interest in
determining the most efficient and effective method of training
this muscle group has surfaced. 9 - 11 Previous works comparing
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protocol. In addition, maximum concentric and eccentric isoki
netic strength values for knee-flexion strength were deter
mined. Control group subjects refrained from weight training for
6 weeks. Subjects in the training groups trained 2 days per
week for 6 weeks (12 sessions). After 6 weeks of training, all
subjects returned for 1 RM and isokinetic posttesting.
Results: The concentric group improved 19%, while the
eccentric group improved 29%. The control group subjects did
not show any significant change over the 6 weeks. In addition,
there were improvements in eccentric isokinetic peak torque/
body weight ratios at both 60°/s and 180°/s from pretesting to
posttesting in the eccentric training group only.
Conclusions: Our results demonstrate the effectiveness of
isotonic strength training on the development of hamstring
muscle strength. More important is the dramatic effect of
eccentric strength training on overall hamstring muscle
strength, both isotonic and isokinetic. Clinicians should con
sider using eccentric hamstring strengthening as part of their
rehabilitation protocols for hamstring and knee injuries.
Key Words: 1 RM, peak torque/body weight ratios, enhanced
eccentrics, isotonic, isokinetic

strength gains after eccentric and concentric training are
mixed. Numerous studies 12" 15 have concluded that eccentric
muscle actions are more efficient than concentric contractions.
Eccentric muscle actions are capable of producing higher
forces 13 ' 15' 16 at approximately 20% less oxygen consumption,
carbon dioxide production, and energy expenditure than equal
bouts of concentric work. 10' 15' 17 In a study examining elbow
flexors, Komi and Buskirk18 showed significant concentric
strength gains for both isotonic concentric and eccentric
training groups, but found that the eccentric group increased
strength to a greater degree than the concentric group. Ellenbecker et al 19 compared isokinetic eccentric and concentric
training of shoulder internal and external rotators and con
cluded that eccentric isokinetic training produced the greatest
increases in concentric strength. Several studies20 "23 examin
ing strength in various upper and lower extremity muscle
groups, including knee extensors and flexors and elbow flex
ors, showed significant concentric strength gains for both

eccentric and concentric training but found no significant
differences between training groups. Other studies have sug
gested that strength gains are mode specific and therefore
concluded that the greatest concentric strength gains are
obtained with concentric training and the greatest eccentric
gains with eccentric training. 24'25
The potential benefits of eccentric training have been pre
viously recognized by Garrett,26 who demonstrated the capac
ity of muscles to act as energy absorbers in preventing injury
to muscles and to associated bones and joints. He described a
2-component system of energy absorption composed of both
passive and active elements. The passive components of
stretched muscle have the ability to absorb energy, but the
potential to absorb energy is greatly increased by active
contraction of the muscle. His findings suggested 100% higher
energy absorption before failure in activated muscles compared
with nonactivated muscles. The ability of a muscle to with
stand force and strain is a measure of the energy absorbed by
the muscle before failure; therefore, increased eccentric
strength can improve a muscle's ability to withstand force and
strain without failing. 10'26 However, attempts to quantify and
develop specific training protocols have often been limited by
improper resistance methods, which have caused delayed-onset
muscle soreness (DOMS). 27 Previous eccentric studies20'28
have used isokinetic training rather than isotonic training or
have been concentrically limited by design, using eccentric
loads less than the concentric 1-repetition maximum (1RM)
value. These studies have not permitted controlled, incremental
increases in resistance for optimal eccentric training effects to
take place. Few studies have been performed using eccentric
training with eccentric loads equal to or greater than the
concentric 1RM value. 21
The purpose of our study was to examine the strength gains
associated with a traditional, concentrically limited, hamstring
strength-training protocol and an enhanced eccentric strength
ening program using eccentric loads equal to the concentric
1RM value. We hypothesized that by removing the concentric
limitations and permitting increased demands on the stronger
eccentric muscle component, greater strength gains would
result. By applying a known, incremental, and safe resistance
(concentric 1RM value) during the eccentric phase of training,
we theorized that a more intense stimulus for muscle strength
gains would be achieved.

Institutional Review Board and a subject data questionnaire.
Subjects were randomly assigned to 1 of 3 treatment groups.
The control group (age = 22.4 ± 1.8 years; ht = 181.0 ± 7.6
cm; wt = 87.1 ± 15.4 kg), eccentric training group (age =
22.9 ± 3.8 years; ht = 178.2 ± 6.6 cm; wt = 78.7 ± 6.3 kg),
and concentric training group (age = 23.3 ± 3.5 years; ht =
176.6 ± 7.5 cm; wt = 79.4 ± 14.6 kg) each consisted of 9
subjects. Lower extremity dominance was determined by
asking participants which leg they would use to kick a ball.
Instrumentation
We determined 1RM data using a Cybex (Cybex Division,
Lumex, Inc, Ronkonkoma, NY) isotonic prone hamstring-curl
apparatus equipped with the Negator (Myonics Corporation,
Metairie, LA) eccentric-loading counterbalance weight system
(Figure 1). This system allows for muscle group isolation and
independent selection of concentric and eccentric resistance,
without changing the existing variable resistance machinery of
the leg-curl apparatus. However, a materials engineer modified
the shape of the existing cam from its original design to better
replicate an average hamstring strength curve, thereby increas
ing the mechanical advantage during performance of the
hamstring curl. By doing this, we were able to make the
resistance curve closely match the average strength curve for
knee flexion.
We determined isokinetic strength data using a KinCom 125
AP (Chattanooga Group, Hixson, TN) isokinetic dynamome
ter. We calibrated the dynamometer according to the manufac
turer's recommendations before each testing session. The

METHODS

Twenty-seven male students volunteered to participate in
this study. All subjects filled out a preparticipation health
status questionnaire to determine eligibility. Parameters for
inclusion were no previous injuries to the hamstrings or knee or
hip joints, no history of performance-enhancing drug use, no
weight training of the lower extremity during the past 6
months, and no previous illness or condition limiting partici
pation. Each eligible subject then completed an informed
consent agreement approved by the University of Florida

Figure 1. Negator enhanced eccentric isotonic device attached to
a leg-curl machine.
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isokinetic dynamometer is capable of measuring isokinetic
force outputs for both eccentric and concentric muscle actions.
We implemented gravity correction procedures according to
the manufacturer's recommendations.
Test Procedures

Subjects reported for isotonic 1RM and isokinetic strength
pretesting on 2 separate occasions. Each session began by
having the subject perform a 3-minute warm-up on a stationary
bicycle. Then each subject performed a series of lower extrem
ity flexibility exercises, including hamstring, quadriceps, and
calf stretches. Each stretch was performed 3 times and held for
15 s.
We tested isotonic 1RM on the Cybex isotonic prone
hamstring-curl apparatus equipped with the Negator counter
balance device using a standardized 1RM protocol. 29 Each
hamstring curl was performed with the dominant leg. Subjects
were tested in the prone position with stabilization over both
hips to minimize unwanted muscle substitution. 1RM values
were obtained from concentric hamstring muscle actions only.
We tested isokinetic knee flexion strength on the KinCom
125 AP isokinetic dynamometer. We obtained concentric and
eccentric peak torque values at test velocities of 60°/s and
180°/s. Subjects were seated in the dynamometer chair with the
body securely fastened to the seat and the thigh held firmly by
the thigh stabilizer. The knee flexion maneuver began with the
knee at 5° from full extension and proceeded through a range
of 85°. Subjects performed 3 submaximal and 3 maximal
warm-up repetitions before testing at each velocity. A 1-minute
rest was provided between warm-up and test repetitions.
Subjects then performed 3 maximal concentric and 3 eccentric
repetitions at each velocity. A 2-minute rest was provided
between velocities. The order of velocity presentation was
randomized using a coin flip. Peak torque (Nm) values were
derived from the 3 test repetitions, both concentric and eccen
tric.
Training Procedures

After the pretesting sessions, those subjects assigned to the
eccentric and concentric training groups began a 6-week
hamstring strength-training program. Subjects exercised twice
each week, for a total of 12 training sessions. We chose this
regime based on previous studies that have shown the effec
tiveness of a twice-weekly training frequency. 30'31 Further
more, this training frequency allows adequate recovery time
for tissue repair after eccentric strength training. 32 The control
group subjects refrained from lower extremity strength training
during the study. Subjects in the training groups initiated each
workout session with a 3-minute stationary bicycle warm-up,
followed by the aforementioned lower extremity flexibility
program. Each group started with 1 set of 8 repetitions using
50% of their predetermined 1RM value. The concentric and
eccentric loads were equal during this warm-up set. Following
218
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the warm-up set, those subjects in the concentric training group
performed 2 sets of 8 repetitions using a weight equal to 80%
of their 1RM value. Those subjects in the eccentric training
group also performed 2 workout sets of 8 repetitions; however,
the concentric load was placed at 40% of the 1RM value and
the eccentric load was placed at 100% of the 1RM value for
both sets. A 1-minute rest period was given between sets. At
the end of each workout session, the subjects were asked to
assess their perceived level of exertion using the modified Borg
scale. 33 Training sessions were separated by a 2-day rest period
(Monday-Thursday or Tuesday-Friday).
If the subject was able to complete both training sets of 8
repetitions without failure and had a perceived level of exertion
of less than 8, we increased the 1RM value by 5.44 kg (12 Ib)
(1 Cybex stack weight). The next hamstring-strengthening
workout would then begin using this adjusted 1RM value. The
concentric training group, therefore, maintained a workout load
equal to 80% of their adjusted 1RM value at all times, while
the eccentric group maintained a concentric:eccentric load ratio
of 40% and 100% of the adjusted 1RM value, as previously
mentioned. In addition, the 8-repetition warm-up set was
sustained at 50% of the adjusted 1RM value. If the progression
criteria were not met, the subject repeated the same workout
during the next training session.
Upon returning for each subsequent training session, sub
jects were asked to report their level of muscle soreness (none,
mild, moderate, severe) and whether or not that soreness
limited their activities (none, mild, moderate, severe) between
training sessions.
Subjects in each of the 3 groups returned at the end of the
6-week training period for posttesting. Posttesting procedures
were performed in exactly the same manner as pretesting. Each
subject then completed a poststudy questionnaire determining
compliance, perceived level of progression, muscle soreness,
and incidence of low back pain.
Statistical Analysis

We used the SPSS for Macintosh Release 6.1.1 (SPSS Inc,
Chicago, IL) statistical package to analyze the data. IRM/body
weight (BW) ratios (kg/kg) and isokinetic peak torque
(PT)/BW ratios (Nm/kg) served as the dependent measures.
Separate mixed-model repeated-measures analyses of variance
(ANOVAs) were used to determine if any differences existed
between the pretest and posttest conditions among the groups
for both dependent measures. For the 1RM/BW ratio measures,
the between-subjects factor was group status (control, concen
tric training, or eccentric training) and the within-subjects
factor was test (pretest and posttest). We analyzed the isoki
netic PT/BW ratio measures using separate ANOVAs for the
concentric and eccentric muscle actions at both 60°/s and
180°/s. In each ANOVA, the between-subjects factor was
group status (control, concentric training, or eccentric training)
and the within-subjects factor was test (pretest and posttest).
We used level of muscle soreness as the dependent measure to

determine if differences in muscle soreness existed among the
3 groups. We set an a priori alpha significance level at P < .05.
We assigned muscle soreness a number value to correspond
with the participant's answer (0 = none, 1 = mild, 2 =
moderate, and 3 = severe). We used a Wilcoxon rank sum
procedure to analyze the nonparametric muscle soreness val
ues. The significance level was set at P < .05.
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1RM/BW ratios improved 28.8% in the eccentric training
group and 19.0% in the concentric training group from the
pretest starting values after 6 weeks of hamstring strength
training. There was no notable change in the control group. The
1RM/BW ratio ANOVA revealed a significant group-by-test
interaction (F224 = 20.20, P < .001; Figure 2). Tukey post hoc
tests showed significant differences between the mean
1RM/BW ratios for pretest and posttest measures in both the
eccentric and concentric training groups. There was no change
in the pretest to posttest mean 1RM/BW ratio in the control
group.
Eccentric isokinetic PT/BW ratios at both 60°/s and 180°/s
improved 37.7% and 22.0%, respectively, from pretesting to
posttesting in the eccentric training group only. The eccentric
isokinetic PT/BW ratio ANOVA revealed a significant groupby-test interaction at both 60°/s (F2 24 = 6.11, P = .007; Figure
3) and 180°/s (F224 = 5.88, P = '.008; Figure 4). The Tukey
post hoc tests detected a significant increase in the PT/BW
ratios from pretest to posttest mean values in the eccentric
training group only, at the velocities of 60°/s and 180°/s. There
were no significant changes in eccentric PT/BW ratios in either
the concentric training group or the control group. Our results
suggest that concentric strength training alone does not im
prove eccentric isokinetic PT/BW ratios.
Interestingly, when the concentric isokinetic PT/BW ratios
were analyzed, no significant interactions occurred between
group and test factors (F224 = 1.55, P = .233) at 60°/s and
(F2,24 = !- 35 ' P ~ - 279) at 180°/s. There were some trends that
indicated improvements in concentric isokinetic PT/BW ratios
in both the eccentric and concentric training groups (Table).
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Figure 3. Graphic representation of the significant group (eccentric
training, concentric training, and control)-by-test (pretest and
posttest) interaction for eccentric PT/BW ratios at 60°/s.
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Figure 4. Graphic representation of the significant group (eccentric
training, concentric training, and control)-by-test (pretest and
posttest) interaction for eccentric PT/BW ratios at 180°/s.
Concentric Isokinetic PT (Nm)/BW (kg) Ratios in the Three
Training Groups from Pretest to Posttest (means ± standard
deviations)
Training
Group
Eccentric
Concentric
Control

Pretest
60°/s

Posttest
60%

Pretest
180°/s

Posttest
1807s

1.15 ± .09
1.15 ± .22
1.02 ± .25

1.35 ± .26
1.31 ± .20
1.05 ± .23

1.04 ± .21
1.21 ± .20
.90 ± .26

1.30 ± .21
1.24 ± .21
1.03 ± .26

These results suggest that isotonic concentric and eccentric
strength training have little effect on concentric isokinetic
PT/BW ratios.
Muscle soreness values for the eccentric training group
averaged 0.25 ± 0.51, while those in the concentric training
group averaged 0.07 ± 0.26. The control group had no
soreness. The results of the Wilcoxon rank sum procedure
indicated that a significant difference in DOMS was evident on
day 1 between the groups (P = .012). However, no significant
differences in DOMS existed between the groups for succes
sive training days.

0.45

DISCUSSION

0.4

Pre-Test
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Figure 2. Graphic representation of the significant group (eccentric
training, concentric training, and control)-by-test (pretest and
posttest) interaction for 1RM/BW ratios.

The results of our study support the premise that isotonic
eccentric overload training may increase concentric strength to
a greater degree than concentric training. Our findings contraJournal of Athletic Training
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diet an earlier study by Johnson,20 which suggested that no
significant differences in strength gains were evident between
concentric and eccentric training groups. In his study involving
eccentric and concentric quadriceps strengthening, the training
resistance was set at 80% of the 1RM value for both groups.
This design failed to incorporate the concept of eccentric
training equal to the concentric 1RM value. In a later study,
Johnson et al21 used eccentric loads of 120% of 1RM value vs
concentric training loads of 80% of 1RM value. Once again,
the results suggested no superiority of one training method
over another. One possible explanation is the difference in
eccentric training loads (120% versus 100% of 1RM value)
used. Another possible explanation for the contradictory find
ings is that DOMS may have inhibited optimal strength gains.
We monitored DOMS closely throughout our study and found
it to be significantly different on day 1 only. However, the
DOMS was not a limiting factor with progression or testing
during the 6-week training period in any of the eccentric
training group subjects. Our results suggest that an enhanced
eccentric strengthening program using eccentric loads equal to
the concentric 1RM value can be performed twice a week
without the subject's being deterred by DOMS. Differences in
training devices may also be responsible for the conflicting
findings. Johnson et al21 used a spring-loaded apparatus for
knee flexion training as opposed to the Negator training device
that we used. It would seem that using the spring-loaded device
would make it difficult to control for the amount of resistance
applied during the knee-flexion maneuver, whereas the en
hanced eccentric device we used provides an incremental
means of quantifying and separating concentric and eccentric
loads.
Eccentric isotonic training produced significant improve
ments in eccentric isokinetic strength, while concentric iso
tonic training created no significant eccentric isokinetic
strength gains. Neither training method resulted in significant
concentric isokinetic gains. Our finding supports that of Housh
et al, 1 ' who suggested that eccentric isotonic resistance training
of the quadriceps musculature produced no significant concen
tric isokinetic strength gains at any velocity. Theirs appears to
be the only research article that has examined isokinetic
strength gains from eccentric isotonic training. However, on
closer examination of the mean PT/BW ratio values in our
study, a trend existed at both 60°/s and 180°/s toward improved
concentric isokinetic strength for both training groups. Coincidentally, this trend was more pronounced in the eccentric
training group.
Ellenbecker et al' 9 looked at isokinetic rather than isotonic
training and found that eccentric isokinetic training produced
the greatest increases in concentric isokinetic strength. Com
parisons of our study with this study are somewhat limited due
in part to the fact that they used isokinetic training instead of
isotonic training. However, the findings of both studies support
the concept of eccentric training producing greater concentric
strength improvements than concentric training. In general, it
seems plausible to recommend assessing strength-training
220
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gains using the mode of the most frequent strength-training
method.
Most muscle strain injuries occur during eccentric muscle
actions; therefore, improving eccentric strength may help to
diminish risk of injury. As clinicians, we are very interested in
finding the most optimal method of increasing eccentric
strength. Our isokinetic findings suggest that eccentric strength
gains can be produced with eccentric isotonic training and not
with concentric isotonic training. Duncan et al24 supported this
principle, concluding that eccentric isokinetic training gives
specific eccentric gains, while concentric isokinetic training
affects only concentric gains. Tomberlin et al25 reported
similar results, supporting the idea that strength gains are mode
specific in isokinetic training. Our findings suggest that this
may not be the case with isotonic eccentric training. We
believe that safe, incremental eccentric training at 100% of the
concentric 1RM value will produce the greatest concentric and
eccentric isotonic strength gains. We recognize the limitations
in reliability and safety with isotonic eccentric strength assess
ments and therefore are relying on isokinetic eccentric peak
torque data to support this claim. Further studies with incre
mental eccentric training, including eccentric loads in excess of
the concentric 1RM value are warranted. Long-term studies on
injury prevention and rehabilitation with eccentric overload
training are needed to truly confirm eccentric training as a vital
component in injury prevention.
In summary, our findings suggest that isokinetic gains
through isotonic training are limited, with the exception of
eccentric isokinetic gains with eccentric isotonic training.
Clinically, these findings are important to consider when one is
trying to assess improvements in strength after isotonic training
with isokinetic testing procedures.
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Effect of Whirlpool Therapy on the Signs
and Symptoms of Delayed-Onset
Muscle Soreness
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Objective: To determine the efficacy of warm whirlpool, cold
whirlpool, and contrast therapy in the treatment of delayedonset muscle soreness.
Design and Setting: Subjects performed eccentric contrac
tions of the elbow flexors and received 4 treatments: immedi
ately postexercise and 24, 48, and 72 hours postexercise.
Treatments consisted of 24-minute treatments with warm whirl
pool, cold whirlpool, contrast therapy, or no treatment.
Subjects: Fifty-six sex-matched volunteers from the Univer
sity of Pittsburgh.
Measurements: Measurements were taken at 5 assessment
times: pre-exercise (0 hours); prior to treatment at 24, 48, and
72 hours postexercise; and at 96 hours postexercise. Depen
dent variables were degrees of resting elbow flexion, active
elbow flexion, and extension; perceived soreness values on a
Graphic Pain Rating Scale; and maximal voluntary isometric

contraction. A repeated-measures analysis of variance (group
by time) and Tukey post hoc analysis were used to determine
which treatment groups differed significantly in returning sub
jects to pre-exercise values.
Results: Cold whirlpool and contrast therapy were found to
return subjects to baseline values of resting elbow flexion and
perceived soreness significantly more than warm whirlpool or
no treatment (P < .01). Additionally, warm whirlpool was found
to be more effective than no treatment in the return of resting
elbow flexion (P < .01).
Conclusions: These results suggest that cold whirlpool and
contrast therapy are more effective than warm whirlpool or no
treatment in alleviating delayed-onset muscle soreness in the
elbow flexors.
Key Words: eccentric exercise, hydrotherapy, contrast ther
apy

M

by current literature. 1 '4'7'8' 10' 11 This tissue injury leads to
inflammatory processes, as evidenced by pain, swelling, and
loss of muscle function, as well as cellular infiltration and
biochemical markers of inflammation. 1 '2'5'7' 11 "14

uscle soreness resulting from physical activity may
he classified as acute or delayed in onset. Acute-onset
muscle soreness occurs during the activity and dissi
pates immediately at the end of activity, or within a few
hours. 1 '2 Delayed-onset muscle soreness (DOMS) is the sen
sation of pain or discomfort that intensifies during the initial 24
hours postexercise, peaking between 24 and 72 hours, and
subsiding during the following 5 to 7 days. 1 "3 The signs and
symptoms of DOMS include muscle soreness during palpation
or movement of the involved muscles and decreases in range of
motion and muscle strength. 1 '2'4 "7 DOMS may have a detri
mental impact on athletic performance by reducing endurance
performance, reducing strength and power, and increasing the
risk of additional injury. 3
DOMS can occur with any unaccustomed activity; however,
unaccustomed eccentric contractions have been found to result
in the highest incidence of DOMS. 1 "3'6'8'9 It is theorized that
fewer numbers of motor units are recruited during eccentric
exercise, as compared with concentric contractions. 1 '8' 10 Thus,
a higher degree of stress is applied, thereby causing injury to
these fibers. 1 '8' 10 Although there have been various theories
regarding the etiology of DOMS, mechanical disruption of the
contractile elements and/or connective tissue is best supported
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Clinicians in sports medicine often use superficial heat and
cold in the treatment of musculoskeletal injury. The extent to
which these modalities reach subcutaneous tissues is related to
the rate and magnitude of tissue temperature change. 15 Fur
thermore, the duration of application, size of the area being
treated, limb circumference, and amount of subcutaneous
adipose tissue have also been suggested as factors influencing
tissue temperature change. 15" 19
Hydrotherapy, the external application of water to the body
for therapeutic purposes,20 is an example of superficial heating
or cooling. During whirlpool therapy, heating and cooling of
tissues occurs through conduction. 15 ' 16 Warm and cold whirl
pools, administered at temperatures between 35.0°C and
43.3°C and 12.8°C and 18.3°C, respectively, for 20 to 30
minutes have been believed to be especially useful to decrease
swelling, muscle spasm, and pain. 15"18'20 Additionally, con
trast therapy, the cyclical alternation of hot and cold whirlpool
immersions, has been cited as decreasing symptoms of the
inflammatory process. 17"20 Contrast therapy protocols are in-

consistent, usually including cycle ratios of 4 to 1 minutes of
warm to cold whirlpool immersions, with a total treatment time
of 20 to 30 minutes. 15' 17' 19'20
Although various researchers have attempted to prevent and
treat the signs and symptoms of DOMS, results have been
varied and inconsistent. 21"30 The use of superficial heat and
cold application in the treatment of DOMS has been minimally
investigated,i 9 ' 31—34 andi a superior treatment has yet to be
determined. Specifically, a comparison of warm, cold, and
contrast whirlpool therapies has yet to be investigated.
The purpose of our investigation was to measure the effects of
warm whirlpool, cold whirlpool, and contrast therapy on the
elbow flexors of subjects experiencing DOMS, as defined by the
dependent variables of resting elbow flexion, active elbow flex
ion, active elbow extension, perceived soreness, and maximal
voluntary isometric contraction. Our independent variable, the
water temperature, was manipulated to form the treatment groups.
METHODS

Subjects
Fifty-six volunteer male (n = 28, age = 21.1 ±3.1 years; ht =
179.4 ± 7.2 cm; wt = 83.0 ± 13.4 kg) and female (n = 28, age =
20.1 ± 2.1 years; ht = 165.7 ± 6.1 cm; wt = 62.0 ± 10.7 kg)
subjects from the University of Pittsburgh participated in this
investigation. Subjects were healthy, with no history of upper
extremity musculoskeletal pathology or known contraindications
to either heat or cold exposure. Additionally, subjects had not
participated in an upper extremity weight-training program for the
previous 9 weeks and were pain free in their upper extremity at the
start of the investigation. We informed all subjects of the possible
side effects of participating in the study, and subjects signed an
informed consent as approved by the University of Pittsburgh
Institutional Review Board for Biomedical Research. We in
structed subjects not to use therapeutic modalities (such as ice or
heat), massage, or stretching or to ingest any medications during
the course of the study. Also, we asked subjects to refrain from
strenuous activity for the duration of their participation in this
study.
Measurements
We performed 5 measurements on the subject's nondominant arm at five assessment times: pre-exercise (0 hours), prior
to administration of treatment at 24, 48, and 72 hours postexercise, and at 96 hours postexercise.

when measuring ROM, so as to increase reliability. 35 '36 A
previous study indicated that intratester reliability for assessing
elbow ROM was r = 0.94. 36 Additionally, standardization of
procedures has been suggested to further improve reliability. 35
For this investigation, we marked anatomic landmarks for all
ROM positions with permanent marker to maximize accuracy
and reproducibility across measurement assessment times. One
researcher (L.A.K.) performed all measurements on all sub
jects for the course of their participation in our investigation.
We measured all ROM positions 3 times during each session
and calculated the average of the 3 values.
Resting elbow flexion. We measured passive resting elbow
flexion (REF) with the subject standing with the arm relaxed at
the side of the body (palm facing the lateral aspect of the
quadriceps). We positioned the goniometer with the fulcrum
centered over the olecranon, the stationary arm aligned with
the long axis of the humerus, and the movable arm aligned with
the long axis of the ulna.
Active elbow flexion and active elbow extension. While
the subject stood in the anatomic position, we positioned the
goniometer with the fulcrum centered over the lateral epicondyle of the humerus. We aligned the stationary arm with the
lateral midline of the humerus and the movable arm with the
lateral midline of the radius. We recorded ROM during both
active elbow flexion (AEF) and active elbow extension (AEE).
Perceived Soreness
We used a Graphic Pain Rating Scale (GPRS), as developed
by Denegar and Perrin,31 to assess the subject's perceived level
of pain (PAIN). Graphic rating scales have been shown to be
the best available method to measure pain and pain relief. 37
This type of pain scale has been shown to be more sensitive
than other scales and is easily used by subjects, even if
previous experience with the scale is lacking. 37
The subject rated soreness on the scale while performing
AEF and AEE. The scale we used in this investigation
consisted of a 12-cm line with written descriptors placed both
at the extremes and along the continuum. Beginning at the
extreme left and proceeding to the right, the descriptors read
"no pain, dull ache, slight pain, more slight pain, painful, very
painful, unbearable pain" (Figure 1). We gave the subjects
standard instructions on how to complete the scale before each
measurement. The subjects placed an "X" at the point on the
Dull Ache
Slight Pain
More Slight Pain
Painful
Very Painful
Unbearable Pain

A feeling of discomfort during activity
An awareness of pain without distress
Pain distracts attention during physical exertion
Pain distracts attention from routine occupation such as reading & writing
Pain fills the field of consciousness to the exclusion of other events
Comparable to the worst pain you can imagine

Range of Motion
We measured elbow range of motion (ROM) with a plastic
international standard goniometer. Goniometry has been
shown to be both reliable and valid for determining ROM. 35
When evaluating the effects of a treatment, other researchers
have found that it is necessary to use the same investigator

No
Unbearable
Pain________________________________________ Pain
Dull Ache Slight Pain More Slight Pain Painful Very Painful

Figure 1. Graphic Pain Rating Scale (GPRS). Subjects marked an
"X" at any point on the 12-cm line that best described the soreness
in their elbow flexors at that particular assessment time.
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line that best described their pain. We measured the intersect
ing center point of the "X" to the nearest 0.5 cm, and, therefore,
a total of 24 values could be obtained.
Maximal Voluntary Isometric Contraction

We assessed maximal voluntary isometric contraction (MVIC)
strength on the Kinetic Communicator Exercise System (KTNCOM, Chattecx Corp, Chattanooga, TN). The KINCOM has been
shown to be a reliable instrument for the measurement of
muscular force generation, as determined by examination of its
main functions: lever arm position (r = 0.999), lever arm speed
(r = 0.990), and strain gauge measurement (r = 0.948).38
We placed the subject's elbow in 90° of flexion and set the
lever arm speed at 0° • s~ ' . We instructed the subject to maximally
flex the elbow and to hold the contraction for 5 seconds. We then
gave the subject a 30-second rest period. We repeated this cycle 3
times and recorded the greatest force value as the MVIC.
Induction of DOMS

We induced DOMS in the forearm flexors of the nondominant arm of the subject, using a protocol designed by Weber et
al.29 We determined a 1-repetition maximum (1RM) value by
having the subject lift dumbbells in increasing 2.27-kg (5-lb)
increments. We calculated the starting weight for the exercise
as 1RM + 2.27 kg. We positioned the subject standing behind
a bench supporting the upper arm so as to prevent hyperextension of the elbow joint. The starting position for the exercise
was full elbow flexion with forearm supination.
The subject eccentrically lowered the weight to a count of five.
We then returned the dumbbell and the subject's arm to the
starting position. The subject continued this cycle until fatigue or
until 10 repetitions were completed. If the subject fatigued before
the completion of 10 repetitions, we removed 2.27 kg (5 Ib) from
the weight, and the set of 10 repetitions was completed. After a set
of 10 repetitions, we gave the subject a 1 -minute rest period. After
the rest period, the subject resumed the exercise cycle with the
previous ending weight. The subject continued the exercise cycle
until 50 repetitions were completed.
Treatment Protocol

We randomly assigned subjects to 1 of 4 groups. The 3
treatment groups consisted of warm whirlpool (WW) (n = 14),
cold whirlpool (CW) (n = 14), or contrast therapy (CT) (n =
14). The fourth group received no treatment (CON) (n — 14).
Subjects receiving treatment placed their affected arms in a
whirlpool for 24 minutes with the water temperature as
follows: WW = 38.9°C, CW = 12.8°C, and CT = 38.9°C and
12.8°C at a ratio of 3 to 1 minutes, respectively.
Our whirlpool treatment protocol consisted of submersing
the affected arm in the water to mid-deltoid level. Each subject
sat on an adjustable stool placed beside the whirlpool, and we
then adjusted the level of the stool so that the subject's axilla
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rested on the rim of the whirlpool. We instructed the subject to
allow the arm to hang in a relaxed position in the water. We
then turned on the agitator; however, we directed the flow of
water away from the subject's arm.
We administered a total of 4 treatments to each subject over
the course of the study. The subject received the first treatment
immediately after the exercise was stopped. We administered
additional treatments after measurements of the dependent
variables at 24, 48, and 72 hours postexercise.
Statistical Analysis

We performed a repeated-measures analysis of variance
(group by time) on the delta (A) scores for each dependent
variable (REF, AEF, AEE, PAIN, MVIC). We calculated delta
scores as the difference between assessment time values at 0
(pre-exercise) and 24 hours postexercise, 0 and 48 hours
postexercise, 0 and 72 hours postexercise, and 0 and 96 hours
postexercise. This analysis allowed comparisons of the depen
dent variables at pre-exercise (baseline values) to be compared
with subsequent values at 24, 48, 72, and 96 hours. We used
dependent variable delta scores because we were attempting to
determine which treatment would aid subjects in returning to
their pre-exercise values. We used a Tukey post hoc analysis
set at an alpha level of 0.05 to detect significant pairwise
differences between treatment groups.
RESULTS

The group means and standard deviations for dependent
variable measurements of REF, AEF, AEE, PAIN, and MVIC
are presented in Tables 1 through 5, respectively. Included in
the tables are the means and standard deviations of the group
scores, both actual and delta scores.
A group-by-day interaction was found for the dependent
variable PAIN (Figure 2). Significant differences were found
between CW and WW groups, CT and WW groups, CW and
CON groups, and CT and CON groups (F3156 = 3.30, P =
.001). No significant difference was found between WW and
CON groups or CW and CT treatment groups.
A group-by-day interaction was also found for the dependent
variable REF (Figure 3). Analysis revealed significant differ
ences between CW and WW groups, CT and WW groups, WW
and CON groups, CW and CON groups, and CT and CON
groups (F3 156 = 2.72, P = .006). No significant difference was
found between CW and CT treatment groups.
No significant group-by-day differences occurred between
treatment groups for AEF delta scores (F3>156 = 1.04, P =
.410), AEE delta scores (F3?156 = 1.73, P = .086), or MVIC
delta scores (F3>156 = 1.21, > = .290).
DISCUSSION

Results of our investigation indicate that both cold whirlpool
and contrast therapy were effective in treating DOMS across

Table 1. Resting Elbow Flexion (REF) Range of Motion (°; mean ± SD) Between Assessment Times Within Treatment Groups
0

24

A 24

48

A 48

72

A 72

96

A 96

Group

Hours

Hours

Hours

Hours

Hours

Hours

Hours

Hours

Hours

Warm
Whirlpool (WW)
Cold
Whirlpool (CW)
Contrast
Therapy (CT)
No
Treatment (CON)

12.19
±2.38
10.81
±2.98
11.74
±2.29
11.86
± 2.23

20.81
± 8.37
17.14
± 6.04
19.17
± 5.61
19.72
± 5.15

8.62
± 7.56
6.33
±4.40
7.43
± 5.24
7.86
± 4.21

20.86
± 6.80
20.14
± 7.54
21.60
±6.61
23.76
± 7.70

8.67
± 6.40
9.33
± 6.45
9.86
± 7.22
11.90
± 6.58

23.48
± 1.14
17.05
± 6.56
19.29
± 6.32
25.07
± 13.53

11.29
± 0.71
6.24
± 5.35
7.55
± 7.09
13.21
± 13.24

19.14
± 8.21
15.17
± 5.04
15.00
± 3.86
25.26
± 13.96

6.95
± 7.40
4.36
± 3.75
3.26
± 4.44
13.40
± 13.76

Table 2. Active Elbow Flexion (AEF) Range of Motion (°; mean ± SD) Between Assessment Times Within Treatment Groups
0

24

A 24

48

A 48

72

A 72

96

A 96

Group

Hours

Hours

Hours

Hours

Hours

Hours

Hours

Hours

Hours

Warm
Whirlpool (WW)
Cold
Whirlpool (CW)
Contrast
Therapy (CT)
No
Treatment (CON)

142.57
± 3.72
141.19
± 1.86
142.64
± 3.32
142.38
±2.98

131.26
± 9.77
132.05
±4.35
134.14
± 9.10
131.12
± 7.66

-11.31
± 8.99
-9.14
±5.02
-8.50
± 8.78
-11.26
±7.00

131.76
± 8.69
131.19
±4.94
133.45
± 10.18
128.17
± 6.57

-10.81
± 8.00
-10.00
±5.23
-9.19
± 9.23
-14.22
± 6.11

133.60
± 8.89
133.36
± 5.04
136.60
± 7.83
129.36
± 7.06

-8.98
± 7.88
-7.83
± 5.20
-6.05
± 7.22
-13.02
± 5.77

136.52
± 6.88
135.90
± 3.47
139.64
± 6.36
131.81
± 5.89

-6.05
± 5.61
-5.29
± 3.92
-3.00
± 5.76
-10.57
±4.41

Table 3. Active Elbow Extension (AEE) Range of Motion (°; mean ± SD) Between Assessment Times Within Treatment Groups
0

24

A 24

48

A 48

72

A 72

96

A 96

Group

Hours

Hours

Hours

Hours

Hours

Hours

Hours

Hours

Hours

Warm
Whirlpool (WW)
Cold
Whirlpool (CW)
Contrast
Therapy (CT)
No
Treatment (CON)

+3.69*
±3.76
+2.86
± 3.22
+2.17
± 3.60
+3.02
± 3.26

5.41
± 9.46
4.36
± 9.13
5.36
± 9.94
5.40
±6.85

9.10
± 10.02
7.22
± 7.44
7.53
± 7.56
8.43
± 5.40

8.81
± 9.44
10.95
± 12.85
9.52
± 13.13
10.52
± 7.57

12.50
± 9.44
13.81
± 12.03
11.69
± 10.87
13.55
± 7.00

11.83
± 13.64
11.33
± 13.73
7.41
±11.37
14.33
± 14.72

15.52
± 13.60
14.19
± 12.38
9.57
± 9.08
17.36
± 14.19

10.24
± 13.10
6.60
± 10.39
4.83
±9.58
13.57
± 14.30

13.93
± 13.01
9.45
± 9.28
7.00
± 7.35
16.60
± 13.57

* (+) values indicate hyperextension.
Table 4. Perceived Soreness (PAIN) GPRS scores (mean ± SD) Between Assessment Times Within Treatment Groups
0

24

A 24

48

A 48

72

A 72

96

A 96

Group

Hours

Hours

Hours

Hours

Hours

Hours

Hours

Hours

Hours

Warm
Whirlpool (WW)
Cold
Whirlpool (CW)
Contrast
Therapy (CT)
No
Treatment (CON)

0.00
± 0.00
0.00
± 0.00
0.00
±0.00
0.00
± 0.00

8.71
± 6.68
8.57
± 6.58
5.57
± 4.13
7.14
±4.45

8.71
±6.68
8.57
± 6.58
5.57
± 4.13
7.14
±4.45

8.71
± 6.26
11.00
± 5.46
8.79
±5.59
10.29
± 4.94

8.71
± 6.26
11.00
± 5.46
8.79
± 5.59
10.29
±4.94

8.93
± 5.37
6.21
± 5.98
5.79
± 5.04
9.79
± 5.45

8.93
± 5.37
6.21
± 5.98
5.79
± 5.04
9.79
± 5.45

6.71
±5.24
2.07
±2.65
2.43
± 3.03
8.00
± 5.55

6.71
± 5.24
2.07
± 2.65
2.43
± 3.03
8.00
± 5.55

time for the dependent variables of REF and PAIN. "Effec
tiveness," as defined by our investigation, implies that these
variables demonstrated decreases in absolute delta scores,
indicating that the group means were closer to pre-exercise
values (baseline).

Elbow Range of Motion

We found that cold whirlpool and contrast therapy returned
REF values closer to pre-exercise values than warm whirlpool
or no treatment. Additionally, warm whirlpool was found to
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Table 5. Maximal Voluntary Isometric Contraction (MVIC) Force Values (kg; mean ± SD) Between Assessment Times Within
Treatment Groups
0

24

A 24

48

A 48

72

A 72

96

A 96

Group

Hours

Hours

Hours

Hours

Hours

Hours

Hours

Hours

Hours

Warm
Whirlpool (WW)
Cold
Whirlpool (CW)
Contrast
Therapy (CT)
No
Treatment (CON)

17.46
± 8.11
16.89
± 6.86
16.32
±5.88
19.65
± 8.92

9.96
± 7.47
10.60
±4.40
13.70
± 6.23
12.41
± 7.70

-7.50
±4.28
-6.29
± 5.13
-2.62
± 2.35
-7.25
± 4.29

11.62
± 7.70
10.86
±4.39
13.31
± 5.91
12.46
± 6.96

-5.84
±2.90
-6.03
±4.29
-3.00
± 2.06
-7.19
±4.10

12.10
± 6.87
11.86
± 5.64
14.49
± 5.97
12.72
± 6.56

-5.36
± 4.57
-5.03
±4.78
-1.82
± 1.70
-6.93
±4.66

14.00
± 8.16
12.87
± 5.32
15.41
± 6.01
13.04
± 4.13

-3.46
± 4.31
-4.02
± 4.43
-0.91
± 1.36
-6.62
± 5.51

45
40353025 -

Degrees of
Flexion 20-

1510 5 0
24

48

72

96

Assessment Time (hours post-exercise)

Figure 2. Resting Elbow Flexion (REF) values (range of motion) for
treatment groups across all assessment times. The smaller the
value of REF, the farther the value is from pre-exercise values
(baseline).
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6 4 2
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24

48

72

96

only short-term effects. It has been documented that the
application of superficial cold immediately relieves muscle
spasm through neural effects, such as decreasing the excitabil
ity and conduction velocities of free nerve endings. 17 ' 18'34
Additionally, decreased response of muscle spindles to stretch
and increased firing rates of Golgi tendon organs have been
shown to allow for muscle relaxation. 15"18'20'34 Thus, it can be
expected that superficial applications of ice may decrease
muscle spasm in the short term.
We took postexercise measurements beginning the day after
the first treatment, since our objective was to evaluate the
long-term effect of our treatments in returning the subjects to
baseline levels. Gulick et al32 found that subjects who received
ice massage of the wrist extensors were the only group to
return to pre-exercise values by 72 hours postexercise. The
positive effect of cold whirlpool therapy on REF in our study
was most likely due to the ability of superficial cold to
counteract the acute inflammatory process, specifically the
accumulation of edema. 15" 17 Swelling occurs as a result of
increased permeability in blood vessels, which allows exudate
to escape into surrounding damaged tissues. 11 Cold whirlpool
therapy, applied between the temperature ranges of 12.8°C to
18.3°C and lasting 20 to 30 minutes, has been shown to cause
vasoconstriction, thereby reducing edema accumulation. 16' 18'20
A reduction in swelling results in greater elbow joint mobility
due to less edema accumulation in the biceps brachii muscle
fibers and joint space.2'5 '8' 10'32

The rationale for using contrast therapy in the inflammatory
process is based upon a theory that alternative cycles of warm
Figure 3. Perceived soreness (PAIN) values for treatment groups
and cold whirlpool immersions cause vasoconstriction and
across all assessment times. The greater the value of PAIN, the
farther the value is from pre-exercise values (baseline).
vasodilation, commonly referred to as a "pumping" action. 15 ' 17
Current literature promotes the effectiveness of contrast ther
apy for increasing ROM; 15 ' 17 however, scientific evidence is
significantly return REF values to pre-exercise values over no lacking. 19 For example, in a study conducted by Myrer et al, 19
treatment. AEF and AEE, however, were not significantly no significant deep tissue temperature changes were observed
when performing contrast therapy on the gastrocnemius mus
affected by any of our treatments.
In a previous study by Denegar and Perrin,31 treatment cles of subjects. The authors' treatment protocol consisted of a
involving immediate application of an ice bag resulted in ratio of 4 minutes at 40.6°C to 1 minute at 15.6°C for 4 cycles.
Due to the lack of previous research, it is difficult to
greater active elbow extension of subjects experiencing
DOMS. Although they noted increased active ROM, because determine the reasons for the effect of contrast therapy on REF
superficial cold application and subsequent measurements of in our investigation. Because debate exists regarding the claim
dependent variables were immediate, their findings address of vasoconstriction/vasodilation occurring, and since we did
Assessment Time (hours post-exercise)
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not measure serum markers for the inflammatory process, we
cannot determine an exact cause-effect relationship. However,
since it has been proposed that contrast therapy reduces
residual swelling, 17 and because REF improved in our inves
tigation, we believe that the protocol of contrast therapy
employed in our investigation mediated the swelling associated
with the inflammatory process. The treatment protocol we used
was cooler (38.9°C and 12.8°C, respectively) than that of
Myrer et al 19 and lasted 6 cycles, with the subject remaining
only 3 minutes in the warm whirlpool. Although not measured,
a tissue temperature decrease may have occurred with our
protocol, due both to the lower water temperature employed
and the longer treatment duration. This change in tissue
temperature would then have facilitated resolution of the
inflammatory process.
Perceived Pain
Smith3 stated that pain in athletes experiencing DOMS may
cause further injuries as a result of unsound biomechanical
compensations. Pain occurs through the stimulation of nociceptors in the body, with the soreness of DOMS being
transmitted along C-afferent fibers, which originate in both the
skin and deeper tissues such as muscle and ligament. 1 We
found lower pain perception scores in subjects receiving cold
whirlpool and contrast therapy. Warm whirlpool and no treat
ment were not found to be effective in decreasing subjective
pain scores.
Denegar and Perrin31 found that cold application, either
alone or in conjunction with transcutaneous electrical nerve
stimulation, decreased perceived pain immediately after treat
ment. Again, their investigation supported the short-term effect
of cold-induced analgesia resulting from cold application and
its effect on decreasing nociceptor nerve conduction velocity
and excitability. 17' 18
Yackzan et al9 and Isabell et al33 stated that ice application
may not be effective in decreasing the pain associated with
DOMS and further suggested that it may be contraindicated.
These opinions were based upon nonsignificant statistical
findings involving treatments of the elbow flexors with ice
massage. Our findings refute both studies; contrast therapy and
cold whirlpool therapy decreased perceived pain levels signif
icantly more than warm whirlpool or no treatment.
Our study supports the contention that superficial cold
application, either in the form of cold whirlpool or contrast
therapy, may decrease aspects of the inflammatory process.
Smith 11 proposes that macrophages, which are involved in the
inflammatory response, synthesize prostaglandins, which may
sensitize nociceptors. Theoretically, decreasing the inflamma
tory response would decrease this sensitization, resulting in
less perceived soreness. Furthermore, if contrast therapy re
duces residual swelling, 17 this effect may have been achieved
by our treatments, thereby reducing pressure on nociceptors. 14'32

Muscle Performance
Smith3 stated that DOMS may adversely affect athletic
performance due to decreases in muscular strength and power.
The loss of muscle performance associated with DOMS is
thought to be related to both decreased effort on the part of the
individual due to pain and a decrease in the actual forceproducing capacity of the muscle itself.4"7 Numerous theories
exist regarding the precise etiology of DOMS. It is, therefore,
difficult to determine what causes the observed decrements in
muscular strength. 1 '7' 11 " 13 Mechanical disruption of the muscle
fibers and/or connective tissue is currently best supported by
the literature. 1 '4'5 '7'8' 10' 1 ' Injury to muscle fibers is likely due to
increased tension placed on fewer muscle fibrils during eccen
tric contractions, which causes more mechanical strain and
therefore injury. 1 '6'8 Furthermore, Asmussen's 10 theory states
that connective tissue fibers are stiffer than muscle fiber tissue;
thus, connective tissue is at a higher risk of injury. Since the
area most commonly affected by DOMS is at the tenomuscular
junction, 1 ' 10 it is probable that both theories are applicable and
that damage occurs to both contractile elements and the
connective tissue. Additionally, it is probable that swelling
between muscle fibers may mechanically inhibit muscle function. 11
Denegar and Perrin31 pointed out that the soreness associ
ated with DOMS is usually alleviated within 1 week of onset.
However, muscle strength has been reported to be only 80% of
normal at 2 weeks postexercise. Newham et al7 reported that
subjects experiencing DOMS were not aware of strength
decrements due to less perceived pain. In their investigation,
subjective ratings of soreness decreased, although objective
testing revealed muscle weakness. Similarly, our subjects who
received cold whirlpool and contrast therapy treatments re
ported significant decreases in perceived pain, although their
strength was not significantly improved.
Pain may not be an accurate determinant of healing in the
injured tissues; thus, strength may be a more accurate factor
when assessing if an athlete is able to return to pre-DOMS
participation levels. 3 '31 Additionally, the motto of "working
through" pain may cause more damage to already weakened
muscle and/or connective tissues. 3 '8 Professionals in the sports
medicine setting should be aware of the false sense of security
that athletes may experience when recovering from the per
ceived pain of DOMS. Lastly, these individuals should take
into consideration the effects of any treatment administered for
DOMS.
CONCLUSIONS

When selecting a treatment strategy for DOMS, both the
goals of treatment and the physiologic effects of treatment
application are critical. In attempting to determine which
treatment is superior, we discovered that both cold whirlpool
and contrast therapy improved the dependent variables of REF
and PAIN, as compared with warm whirlpool and no treatment.
Cold whirlpool and contrast therapy were not significantly
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different in alleviating the signs and symptoms of DOMS.
Finally, the application of heat through the use of warm
whirlpools was more effective than no treatment in returning
subjects to pre-exercise values for REF.
Based on the results of this study, we conclude that the
application of cold through the use of cold whirlpool or
contrast therapy is the best treatment for DOMS. We also
recommend that muscular strength, not perceived pain, be the
deciding factor when determining when an athlete with DOMS
should return to previous participation levels, especially in
activities requiring excessive force production. Lastly, we
recommend research and clinical application into the physio
logic effects of contrast therapy. Exploring different ratios of
warm to cold whirlpool, as well as different temperature
ranges, may help to delineate the separate and combined
effects of the whirlpools.
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Objective: To determine possible anthropometric and per
formance sex differences in a population of high school bas
ketball players.
Design and Setting: Measurements were collected during
the first week of basketball practice before the 1995-1996
season. Varsity basketball players from 4 high schools were
tested on a battery of measures chosen to detect possible
anthropometric and performance sex differences.
Subjects: Fifty-four female and sixty-one male subjects,
from varsity basketball teams at high schools enrolled in the
athletic training outreach program at the University of Wiscon
sin Hospital Sports Medicine Center in Madison, Wl, volun
teered to take part in this study.
Measurements: We took anthropometric measurements on
each of the 115 subjects. These included height, weight, body
composition, ankle range of motion, and medial longitudinal
arch type in weightbearing. Performance measures included
the vertical jump, 22.86-m (25-yd) shuttle run, 18.29-m (20-yd)
sprint, and single-limb balance time.
Results: We compared anthropometric and performance
characteristics using a 2-sample t test. The only exception to

H

igh school basketball enjoys immense popularity in this
country. In Wisconsin alone, an estimated 27,000 high
school players compete in interscholastic programs
each year. 1 Sports medicine professionals are often asked to
comment on the characteristics that contribute to the preven
tion of injuries and to the overall success of these athletes.
While professional, international, and collegiate basketball
players have been studied extensively, 2~ 8 there is little infor
mation available on the high school basketball player.
Since the adoption of Title IX in 1972, the number of
women competing in sports involving physical contact, pivot
ing, jumping, and sprinting has increased dramatically. Cou
pled with this growth has been an increased awareness of
performance and physiologic characteristics of female basket
ball players and of the sex differences that exist between them
and their male counterparts. Many studies have reported much
higher serious knee injury rates in females. 2'6'9 However, little
information has been published regarding sex differences and
ankle injuries. What has been presented in the literature
focuses on nonfunctional anthropometric characteristics. 10 " 15

this was for medial longitudinal arch type, where the 2 groups
were compared using a 2-tailed Fisher's exact test. The male
subjects were significantly taller and heavier, while the females
had a significantly higher percentage of body fat. There were no
significant differences found for ankle plantar flexion and dorsiflexion, but the females had significantly more inversion and
eversion range of motion. Analysis of medial longitudinal arch
type found females to have a higher percentage of pronated
arches and males to have a higher percentage of supinated
arches. Performance testing revealed that the males were able
to jump significantly higher and run the 22.86-m (25-yard)
shuttle run and 18.29-m (20-yard) sprint significantly faster than
the female subjects. There was no significant difference be
tween the groups for single-limb balance time.
Conclusions: We found significant anthropometric and per
formance sex differences in a cohort of high school basketball
players. Further study of these measures is necessary to
determine if these differences can predict the risk for ankle
injuries in this particular population.
Key Words: agility, arch, flexibility, body composition, proprioception, ankle

In particular, studies on the functional sex differences that may
affect ankle injury rate are absent from the literature.
Ankle ligament injuries are the most common injuries in
sports and recreational activities in this country today. 16 Many
factors are thought to increase the risk for these injuries, which
affect 1 in every 10,000 persons each day, or 27,000 total daily
in the United States. 10 Most importantly, ankle ligament
injuries make up 25% of all injuries that occur in sports
involving running and jumping. 17 In addition, ankle sprains
make up 75% of ankle injuries overall.4' 18
Soft tissue injuries, including ankle ligament injuries, are
often overlooked in the research literature. Not only are these
injuries the cause of a significant amount of lost playing time
for the athlete, but there is also a significant cost to the medical
system related to care for and rehabilitation from these injuries.
In fact, one study concluded that sprains and strains represent
the most frequent type of injury and can account for up to 43%
of cases involving work and/or participation loss. 19
Our purpose was to identify and report anthropometric and
performance differences between male and female high school
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on the dorsal surface of the foot midway between the malleoli
as an axis. The stationary arm was aligned with the midline of
the leg projecting to the tibial tuberosity. The moving arm was
aligned with the dorsal surface of the second metatarsal shaft.
Each subject then actively inverted and everted each ankle, and
we recorded the measurements.
We determined medial longitudinal arch structure in weightbearing using the Feiss line, which is a line drawn from the
medial malleolus to the head of the first metatarsal.25 Each
athlete was asked to stand with normal weightbearing on both
feet. If the navicular tubercle intersected the line, the arch was
graded as neutral. If the tubercle was above the line, the arch
was graded as supinated. If the tubercle was below the line, the
arch was graded as pronated. We chose to express the results as
METHODS
the percentage of males and females having each type of
Fifty-four female and sixty-one male subjects, from basket medial longitudinal arch structure.
The functional tests we asked the athletes to perform
ball teams at high schools enrolled in the athletic training
followed
a standardized warm-up period that consisted of 5
outreach program at the University of Wisconsin Hospital
Sports Medicine Center, Madison, WI, volunteered to take part to 10 minutes of stretching and light running. The tests were
in this study. Informed consent was obtained from all subjects then administered in random order for all subjects. We
and their parents before the study began. We collected the data measured vertical jump using a Vertec (Sports Imports Inc,
at 4 high schools during the first week of practice of the Columbus, OH). After a single practice attempt, each
1995-1996 basketball season.
subject performed 2 flat-footed jumps, and we recorded the
The anthropometric characteristics we measured included highest jump. We measured agility by having the athlete
height, weight, and caliper skinfolds to determine percentage perform a pro agility run (22.86-m shuttle). Standing at a
of body fat. We measured height using a stadiometer with a ± center line, subjects moved to the right 4.57 meters, touched
0.64-cm level of accuracy, and we measured weight on a beam a line, moved back to the left 9.15 meters to touch a line, and
balance platform scale with a level of accuracy of ± 0.11 kg. finished by sprinting back to their right for 9.15 meters.
Skinfold sites were measured with a Lange skinfold caliper Each subject was allowed a single practice attempt before
(Cambridge Scientific Industries, Inc, Cambridge, MD). All the best of 2 trials was recorded to the nearest hundredth of
skinfold measurements were taken on the right side of the body a second. We measured 18.29-m (20-yard) sprint speed
in serial fashion by the same trained measurer. The sites we using a Speed Trap infrared timer (Brower Timing Systems,
chose and the methods we used are reliable and valid for high Draper, UT). Timing started on the athlete's first movement
school athletes when compared with hydrostatic weighing.20 and was completed when the subject tripped the infrared
Skinfold sites for males included the triceps, subscapularis, and sensor. Each subject performed 2 trials, with the fastest time
umbilicus. Sites for females included the triceps, suprailiac
recorded to the nearest hundredth of a second.
area, and anterior thigh. Skinfold thickness was based on the
We carried out proprioceptive testing by having the athlete
average of 2 trials within 0.5 mm. If the 2 skinfold measures at
perform a series of 3 single-limb (stork) tests and averaging the
the same site differed by more than 0.5 mm, a third measure
scores. Hand-held timers were used to measure the duration of
ment was taken and the mean value used in the analysis. Body
time (± 0.5 s) the subject balanced up to a total of 30 s. If
density was predicted by the quadratic equations of Lohman21
for males and Jackson, Pollock, and Ward for females.22 Body athletes lost their balance, the time was recorded when they
density was converted to relative fat using the equation of contacted the ground with the nonweightbearing leg.
After data collection, we turned the data over for statistical
Brozek et al.23
analysis
to statisticians within the Department of Surgery at the
We measured ankle plantar flexion, dorsiflexion, inversion,
University
of Wisconsin Hospital and Clinics. The anthropo
and eversion range of motion using a goniometer.24 Each
metric
and
performance characteristics were compared be
athlete was placed in a seated position on a table with the knees
tween
the
males
(n — 61) and females (n = 54) using a
flexed at right angles. For ankle plantar flexion and dorsiflex
ion, the goniometer was placed using the lateral malleolus as 2-sample t test. We used a significance level of P < .05 for all
an axis. The stationary arm for both measurements was aligned the characteristics that we measured. The only exception to this
with the lateral midline of the leg projecting to the head of the was for the comparison of medial longitudinal type. In this
fibula. The moving arm was placed parallel to the bottom of case, we compared the males and females using a 2-tailed
the calcaneus. Each subject then actively plantar flexed and Fisher's exact test. All analyses were performed using SAS
dorsiflexed each ankle, and we recorded the measurements. Statistical Software (version 6.11, SAS Institute Inc, Gary,
Ankle inversion and eversion were measured using the position NC).
•

basketball players. Percentage of body fat was assessed as a
measure of body composition through the use of skinfold
caliper measurements. Ankle range of motion and medial
longitudinal arch type were assessed to determine if sex
differences existed in flexibility and joint motion. The perfor
mance measures were selected to assess overall lower extrem
ity power (vertical jump), agility (22.86-m (25-yard) shuttle
run), speed (18.29-m (20-yard) sprint) and proprioception
(single-limb balance time). These data will, we hope, provide
insight into possible sex-related differences that may help
explain injury rates, and perhaps more importantly, predict risk
of injury to the ankle.

230

Volume 33 • Number 3 • September 1998

RESULTS

We evaluated all 115 subjects with the measurements
described. Analysis of our anthropometric data (Table) found
the male basketball players to be taller (t 113 = 1 1.52, P < .05)
and heavier (t 113 = 6.78, P < .05). In addition, the males in our
study also had a lower percentage of body fat as opposed to the
females (t113 = 10.11, P < .05).
The measures related to foot and ankle structure and
function found the females to have an increased amount of
inversion (t22g — 3.38, P < .05), and eversion (t228 = 1.50,
P < .05). Differences were not found to be significant for
plantar flexion and dorsiflexion. Analysis of medial longitudi
nal arch structure by a 2-tailed Fisher's exact test revealed no
differences in arch type between males and females. However,
female subjects were found to have a greater percentage of
pronated feet (42.5% versus 26.2%), while the males had a
greater percentage observed to be neutral (65.6.% versus
53.1%) and supinated (8.1% versus 0.03%).
Analysis of performance testing by a 2-sample t test (Table)
revealed the males jumped higher (t 1]3 = 10.77, P < .05), ran
the 18.29-m (20-yard) sprint faster (t ]13 = 7.16, P < .05), and
executed the pro agility run quicker (t 113 = 8.66, P < .05) than
their female counterparts. No significant difference was noted
for single-limb balance time.
DISCUSSION

Our literature review on anthropometric and functional
measures of basketball players revealed a focus primarily on
international, professional, and collegiate athletes.2" 8 In gen
eral, we found that such measures of high school athletic
populations have been largely unreported by sport scientists.
However, it is generally accepted that, at all levels, the ability
to jump higher, run faster, and demonstrate greater agility are
skills that a successful basketball player must possess.
Our results are consistent with previous data that indicated a
significantly higher percentage of body fat in females than their
male counterparts. 20 The calculations used in our study have
been reported as valid and reliable in and for a population of

Wisconsin high school athletes.25 Comparing body fat percent
ages with those previously reported is difficult since the
different age groups, sites, and equations make any comparison
somewhat unreliable. 20 "22-25 Whether overall fitness has a
direct effect on lower extremity injury rate is unknown.
Our findings involving ankle range of motion indicate that
the ankle of the female athlete has an increased amount of
eversion and inversion when compared with that of the male
athlete. Additionally, the female athletes demonstrated a trend
toward a pronated medial longitudinal arch when weightbearing. Further prospective clinical study in this area is necessary
to determine if these differences contribute to functional
instability of the ankle joint and to an increased risk of ankle
sprains. Such a study could perhaps incorporate hindfoot and
forefoot motion measurements in weightbearing to better
describe how the multiple articulations in the foot affect
biomechanics and influence how the foot performs in func
tional activity.
Sex differences were observed for all functional measures
tested except single-limb balance time. The 30-second balance
test we used did not account for extrinsic variables such as
uninvolved extremity motion and the amount of postural sway
needed to maintain balance. It may be that a more sensitive
measure of proprioception will detect differences. We recom
mend that future prospective studies in this area involve the use
of stabilimetry to assess proprioception more sensitively.
Similar sex differences in functional measures have been
reported for various athletic populations. 5'8 A recent study on
the neuromuscular performance of male and female athletes by
Huston and Wojtys5 documented that female subjects had
significantly less strength in their quadriceps and hamstrings
and significantly slower time to peak torque for knee flexion
than their male counterparts. It would be interesting to deter
mine if similar differences exist in the ankle musculature. Such
differences could perhaps explain why the females performed
significantly worse in our performance testing and illustrate the
need for future study to determine if these potential deficits are
a risk factor for ankle injury.

Anthropometric and Performance Measures (Means and Standard Deviations) for High School Basketball Players
Female
Variable
Age (y)
Height (cm)
Weight (kg)
Body fat (%)
Inversion (degrees)
Eversion (degrees)
Plantar flexion (degrees)
Dorsiflexion (degrees)
Single-limb balance time (s)
Vertical jump (cm)
Pro agility run (s)
18.29-m (20-yd) sprint (s)

Male

Mean

SD

Mean

SD

16.02
166.19
61.54
20.45
36.25
16.54
30.35
10.33
27.25
46.36
6.14
3.46

1.16
7.42
8.68
4.65
6.98
3.98
9.33
4.35
5.14
5.59
0.32
0.27

16.21
182.34
74.95
11.98
31.95
14.52
27.94
8.72
28.19
64.01
5.63
3.13

1.07
7.59
12.02
4.30
6.63
4.59
8.71
3.55
3.72
10.82
0.31
0.21
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Injuries to the ankle continue to be the most common
injuries in athletics 17 and place a significant cost burden on the
health care industry, as well as causing a large amount of work
and/or participation loss. 19 The sports medicine community is
currently devoting vast amounts of time and energy to under
standing why females are suffering more anterior cruciate
ligament injuries than males. It may be that female athletes are
sustaining injuries to the ankle and other parts of the body at a
higher rate as well. Possible reasons that should be investigated
include an increase in generalized joint laxity, slower muscle
reaction time, less muscle strength, and less muscle endurance.
Our current study documents sex differences for various
anthropometric and performance measures in high school
basketball players. These data are intended for future use in
prospective studies to evaluate if these differences have an
effect on ankle injury rates. Further study of anthropometric
and performance measures and their relation to the incidence of
ankle injury in high school athletes is necessary to facilitate
potential ankle injury prevention and overall performance
enhancement.
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Effect of Trunk Position on Anterior Tibial
Displacement Measured by the KT-1000 in
Uninjured Subjects
William G. Webright, MEd, PT, ATC; David H. Perrin, PhD, ATC;
Bruce M. Gansneder, PhD
Curry School of Education, University of Virginia, Charlottesville, VA 22903
Objective: Clinicians may obtain false-negative Lachman
tests for tibial displacement when the trunk position of the
athlete varies as the anterior cruciate ligament injury is as
sessed on the field, on the sideline, and in the clinic. We
examined the influence of supine, semireclined, and sitting
trunk positions on arthrometric laxity measurements of the
knee.
Design and Setting: Subjects in the 3 trunk-thigh test
positions (15°, 45°, and 90° of hip flexion) were passively
supported and tested in a counterbalanced order. The right
knee was maintained at 29.0° ± 3.1° of flexion. A 133-N (30-lb)
anterior force was applied to the right knee using a modified
KT-1000 knee arthrometer equipped with a strain gauge that
allowed for digital display of the displacement force.
Subjects: Ten males and 5 females without present knee
injury or history of knee ligament repair to the right lower
extremity.
Measurements: Three tibial displacement (mm) trials at
each trunk position were averaged and used for analysis.

C

linicians frequently use the Lachman test to evaluate
acute knee injuries on the field, but athlete positioning
often varies. We have observed athlete positioning to
include supine, semireclined (eg, propped on elbows), or
sitting-upright positions, which result in different trunk-thigh
angles. Yasukouchi and Isayama 1 demonstrated that, when the
knee is extended in sitting postures of trunk-thigh angles of 90°
and 60°, the lumbar curve is reduced and the pelvis is
posteriorly rotated. They believe that hamstrings and gluteal
muscles together significantly affect the lumbar curve and
pelvic tilting.
Adler et al2 compared the traditional supine Lachman test
with a drop-leg Lachman test. Anterior cruciate ligamentdeficient subjects were positioned for the drop-leg Lachman
test supine with the hip extended (posterior thigh contacting the
table, ie, no hip flexion) and abducted and the knee off the side
of the table and flexed 25°. An 89-N (20-lb) anterior force was
applied using the KT-1000 arthrometer (MedMetric Co, San
Diego, CA), first while subjects were conscious, then while
they were anesthetized. The drop-leg Lachman test resulted in
a 2.3-mm (conscious group and anesthetized group) greater

Results: A 1 -factor (trunk-thigh position) repeated-measures
analysis of variance revealed no significant difference in ante
rior tibial displacement values among the 3 trunk-thigh posi
tions (P > .05). Group means for displacement were 7.9 ± 2.3
mm (supine), 8.1 ± 2.5 mm (semireclined), and 8.3 ± 2.6 mm
(sitting).
Conclusions: These findings suggest that alterations in trunk
position are not a problem in the instrumented assessment of
anterior tibial displacement in an uninjured population. Further
research should determine the relevance of these findings, as
well as "end-feel" (ie, stiffness) in subjects with injury to the
anterior cruciate ligament. Further research should also deter
mine if these findings can be applied when comparing passive
versus active (eg, propped on elbows or hands) trunk support in
subjects with anterior cruciate ligament-injured knees.
Key Words: knee, arthrometer, Lachman test, anterior cru
ciate ligament, laxity

mean anterior tibial displacement than the traditional Lachman
test in the injured knees. The authors hypothesized that the
increased anterior tibial displacement demonstrated in the
drop-leg Lachman test may be explained in part by the hips
being positioned in extension and abduction, thereby providing
greater relaxation to the hamstrings and fascia lata. 2
Instrumented knee arthrometry is used to quantify knee joint
laxity after anterior cruciate ligament injury. 3" 10 The devices
are attached directly to the limb, and manual force is applied to
displace the tibia on the femur. The arthrometers provide
displacement measures of knee laxity in millimeters. 3"" 10 In
strumented knee arthrometers have demonstrated greater sen
sitivity for determining anterior tibial displacement at 20° to
30° of knee flexion (the angle used for the Lachman test)
compared with 90° of knee flexion (the angle used for the
manual drawer test). 11 " 14
Our study evaluated the effect of three different trunk-thigh
flexion angles on anterior tibial displacement of uninjured
subjects as measured by a modified KT-1000 knee arthrometer.
We hypothesized that anterior tibial displacement measures
would decrease as trunk-thigh flexion angles increased, due to
Journal of Athletic Training
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increased passive hamstring tension associated with increased
trunk-thigh flexion angles.
METHODS

Subjects
Fifteen volunteer subjects (10 males and 5 females) ranging
in age from 20 to 36 years (age = 23.9 ± 5.0 years; ht =
176.4 ± 6.4 cm; wt = 72.0 ± 10.2 kg) participated in the
study. A minimum sample size of 14 subjects was determined
based upon a power analysis, using average correlation = 0.80,
alpha = 0.05, medium effect size = 0.56, and power = 0.80. 15
Disqualification criteria included presence of knee pathology
or history of knee ligament repair to the right lower extremity.
Each subject read and signed a human consent form approved
by a university review board before participating.
Instrumentation
We used a modified KT-1000 (MedMetric, San Diego, CA)
arthrometer to assess anterior tibial displacement. Normally,
anterior displacement is recorded at forces of 67, 89, and 133
N (15, 20, and 30 Ib) since they correspond to 3 consecutive
audiotones. However, we modified the arthrometer by equip
ping it with a model LCCB-50 strain gauge on line with a
DP41-V processor (Omega Technologies, Inc, Stamford, CT)
that permitted readouts of force from a digital diode instead of
the audiotones.9 The strain gauge and digital diode modifica
tions allowed us to apply a more valid anterior displacement
force.
Force validity of the LCCB-50 strain gauge was determined
before subject data collection by hanging certified calibration
weights (accurate to ± 0.0 1%) 16 from the KT-1000 in an
inverted position. A drawstring bag was attached to the
force-sensing handle of the arthrometer, and 13.64 kg (30 Ib) of
calibration weight was added to the hanging drawstring bag.
The drawstring bag and the force-sensing handle of the
arthrometer in the inverted position weighed 0.45 kg (1.0 Ib).
Ten consecutive loading trials revealed a mean force (minus
the weight of the drawstring bag and force-sensing handle) of
13.63 kg (29.99 Ib) and ranged from 13.59 to 13.64 kg (29.8 to
30.0 Ib).
Previous studies have found that tibial rotation affects the
measurement of anterior tibial displacement. 17' 18 To control for
this confounding factor, a masonry bubble level was attached
to the KT-1000 housing. The bubble level helped to ensure
consistent device positioning in the anatomic sagittal (anteriorposterior) plane during the application of the displacement
force.
Trunk-thigh flexion angles and knee flexion angles were
measured with a standard, double-armed goniometer with
full-circle protractor made of transparent plastic. The goniom
eter arms were 30.48 cm (12 in) long, and the protractor was
marked in 1° increments.
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We tested each subject for anterior tibial displacement (mm)
of the right knee at each of the 3 trunk-thigh positions (15°,
45°, and 90° trunk-thigh flexion) in counterbalanced order. The
right knee was arbitrarily chosen as the test extremity for all
subjects. Figures 1-3 show the 3 trunk-thigh positions with
arthrometer placement. The trunk-thigh positions were coun
terbalanced between subjects to decrease the potential effect of
test order on the tibial displacement measures.
To determine trunk-thigh angle, the stationary arm of the
goniometer was aligned with the trunk's midaxillary line, and
the moving arm was aligned with the lateral femoral epicondyle. An adjustable, hinged traction table provided subjects
with trunk support at the selected trunk-thigh flexion angles. A
plywood board (61.0 cm long by 61.0 cm wide by 0.64 cm
thick) was placed under the subject's lower extremities to
prevent the plastic thigh support (height, 11.0 cm) from being
positioned in separations of the tabletop. A nonslip rug cushion
was attached to the undersurface of the plywood to prevent
movement between the board and vinyl tabletop. A second
plywood board (61.0 cm long by 20.3 cm wide by 0.64 cm
thick) was placed under the plastic foot support. The plastic
thigh and foot supports were secured to the plywood boards by
5.1-cm wide VELCRO (VELCRO USA Inc, Manchester, NH)
strips. Subjects sat on a piece of nonslip rug cushion (55.9 cm
long by 25.4 cm wide) to help stabilize trunk positioning. A
VELCRO strap provided further stabilization by securing the
pelvis to the table. A VELCRO strap was then applied around
the distal portions of both thighs and adjusted to position the
right hip in neutral rotation. Neutral hip rotation was opera
tionally defined as the parallel alignment of the medial and
lateral superior patellar poles determined visually and with
palpation by the examiner.
Following neutral hip rotation positioning, the knee-flexion
angle was measured using the lateral malleolus and greater
trochanter for goniometer arm alignment. The knee-flexion
angle obtained at the first trunk-thigh test position of each
subject was reproduced (29.0° ± 3.1°) in its positioning for
subsequent trunk-thigh flexion angles. The medial joint line of

Figure 1.15° trunk-thigh flexion angle (supine).

Reliability

Figure 2. 45° trunk-thigh flexion angle (semireclined).

Intratester reliability and standard error of measurement
(SEM) were determined for KT-1000 anterior displacement
measurements at each of the 3 trunk-thigh positions for the first
10 subjects of the study. Testing was performed as previously
described, except all measures were immediately repeated a
second time with the trunk-thigh positions again counterbal
anced. All tests were performed by the same examiner.
Intraclass correlation coefficients (ICC) (3,k)20 and SEMs 21
were calculated for each of the 3 trunk-thigh positions. The
ICCs and SEMs for the test-retest session were 0.98 and 0.31
mm, 0.97 and 0.42 mm, 0.98 and 0.31 mm at the 15°, 45°, and
90° trunk-thigh flexion angles, respectively. The intratester
ICCs reflected a high degree of consistency between the test
and retest scores at each of the thigh-trunk positions. The
magnitude of measurement errors (SEMs) was relatively small
and demonstrated a high degree of measurement precision.
Data Analysis
A 1 -factor (trunk-thigh position) analysis of variance
(ANOVA) with repeated measures was computed using ante
rior tibial displacement (mm) as the dependent variable. The
probability level accepted for statistical significance was set at
P < 0.05. All statistics were generated using SPSS (version
6.1, Statistical Package for the Social Sciences, SPSS Inc,
Chicago, IL).
RESULTS

Figure 3. 90° trunk-thigh flexion angle (sitting).

the right knee was then palpated and marked with ink to allow
proper alignment of the KT-1000 arthrometer. The medial joint
line marking allowed consistent placement of the arthrometer
with each trunk-thigh position change. The KT-1000 arthrom
eter alignment and test procedures used have been explained in
detail by others. 5'6' 19 Anterior tibial displacement was mea
sured at 133 N (30 Ib) of applied force as displayed on the
digital diode.
The millimeters of anterior tibial displacement were indi
cated by a needle dial on the KT-1000 arthrometer case and
visually interpreted to the nearest 0.5 millimeter. 6 Displace
ment values at each trunk-thigh test position were communi
cated by the examiner to an assistant who recorded the
measurement. The mean of 3 consecutive displacement values
at each test position, rounded to 0.5 mm, was used for
statistical analysis. The KT-1000 arthrometer was left in place
for the 3 consecutive displacement measures. The arthrometer
was removed during trunk-thigh position changes and then
reapplied.

The mean anterior displacements were 7.9 ± 2.3 mm
(supine), 8.1 ± 2.5 mm (semireclined), and 8.3 ± 2.6 mm
(sitting). The ANOVA revealed no significant differences
among the 3 test positions, F2i28 — 1-77, P > .05.
DISCUSSION

We found no significant difference in mean anterior tibial
displacement measures among the 3 trunk test positions.
Anterior tibial displacement values measured with the KT1000 arthrometer were essentially the same regardless of the
trunk-thigh position, be it supine, semireclined (45° of hip
flexion), or sitting (90° of hip flexion). This result does not
support our research hypothesis that anterior tibial displace
ment would decrease as trunk-thigh flexion angles increased.
The basis for our hypothesis was that passive hamstring
tension would increase as the pelvis moved into a greater
amount of relative anterior tilt when subjects were moved from
the supine to sitting position. Our study indicates that, if
passive hamstring tension was produced, it was not enough to
reduce anterior tibial displacement in our sample of uninjured
subjects. Future research should look to determine the relation
ship of hamstring inflexibility to anterior tibial displacement
measured in different trunk positions of anterior cruciateinjured subjects. The mean tibial displacement difference
Journal of Athletic Training
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Average Anterior Displacement (mm) of Uninjured Knees at 133
N (30 Ib) with Subject in Supine Lachman Position
Source

n

Mean

SD

Daniel and Stone 19
Highgenboten et al 7
Steiner et al22
Present study

37
30
28
15

6.8
6.1,7.6*
4.6
7.9

NA
± 2.0, ± 2.3*
NA
± 2.3

* = right, left knees
NA = not available

between anterior cruciate ligament-injured knees and uninjured
knees ranges between 3 and 6 mm.4 ~7 '22 This increased laxity
in anterior cruciate-injured knees may have greater potential to
be reduced as a result of increased passive hamstring tension.
Adler et al2 recorded a 2.3-mm tibial displacement differ
ence in anterior cruciate-injured knees of conscious patients
when comparing the traditional Lachman test with the drop-leg
Lachman test. They reasoned that the hip extension and
abduction of the drop-leg Lachman allowed greater relaxation
of the hamstrings and tensor fascia lata compared with the
flexed-hip position of the traditional Lachman test. The contralateral uninjured knees of the conscious group showed a
0.5-mm tibial displacement difference between the test condi
tions.2 The use of uninjured subjects in our study reflected the
similar finding that hip position did not affect tibial displace
ment.
Our displacement values tended to be higher than other
published values using the KT-1000 at 133 N on uninjured
knees of conscious subjects (Table). For comparative purposes,
we included our supine displacement values in the Table. The
higher displacement values in our study at all trunk positions
may be due to the valid force application of 133 N measured by
our strain gauge modification to the KT-1000. The third
audiotone of our arthrometer consistently sounded at approxi
mately 25 pounds (1 11 N) of force on the strain gauge digital
diode readout. The third audiotone' s representing 30 pounds
(133 N) in the other studies may have been less than the actual
applied force, thereby producing comparatively smaller dis
placement values than our findings. Variance among the
different subject samples and methodologic measurement error
introduced by the different researchers would also contribute to
different tibial displacement values.
The diagnosis of an anterior cruciate ligament tear involves
the clinician's perception of both tibial displacement and
end-point stiffness, or "end-feel." The KT-1000 can provide
absolute displacement values, as used in our study, and an
inverse measure of stiffness called the compliance index.5 The
compliance index is the difference in millimeters of displace
ment between 2 loads, such as 67 N and 89 N.5 Future research
is warranted using the compliance index, or a direct measure of
stiffness, to compare anterior cruciate ligament-injured knees
with uninjured knees in subjects with different trunk-thigh
positions.
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CONCLUSIONS

The Lachman test performed using the KT-1000 demon
strated no difference in tibial displacement (mm) with the trunk
passively supported supine, semireclined, or sitting in subjects
with intact anterior cruciate ligaments. A hypothesized in
crease in passive hamstring tension as the trunk moved from
supine to sitting did not affect anterior tibial displacement.
Future research should use anterior cruciate ligament-injured
subjects and should compare active support (eg, propped on
hands) with passive support that duplicates the same trunk
position. Use of the compliance index, or stiffness, in compar
ing injured with uninjured extremities in the different trunk
positions is indicated as well.
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Objective: To evaluate the effectiveness of an interactive toward the 2 methods of instruction. The survey examined
athletic training educational curriculum (IATEC) computer pro overall attitudes, in addition to 3 subscales: comfort, creativity,
gram as compared with traditional lecture instruction. Instruc and function. The survey was scored from 1 to 7, with 7 being
tions on assessment of the quadriceps angle (Q-angle) were the most favorable and 1 being the least favorable.
Results: Results of a 1-way ANOVA on cognitive knowledge
compared. Dependent measures consisted of cognitive knowl
edge, practical skill assessment, and attitudes toward the 2 of the Q-angle revealed that the traditional lecture and IATEC
groups performed significantly better than the control group,
methods of instruction.
Design and Setting: Sixty-six subjects were selected and and the traditional lecture group performed significantly better
then randomly assigned to 3 different groups: traditional lec than the IATEC group. Results of a 1-way ANOVA on practical
ture, IATEC, and control. The traditional lecture group (n = 22) skill performance revealed that the traditional lecture and
received a 50-minute lecture/demonstration covering the same IATEC groups performed significantly better than the control
instructional content as the Q-angle module of the IATEC group, but there were no significant differences between the
program. The IATEC group (n - 20; 2 subjects were dropped traditional lecture and IATEC groups on practical skill perfor
from this group due to scheduling conflicts) worked indepen mance. Results of a t test indicated significantly more favorable
dently for 50 to 65 minutes using the Q-angle module of the attitudes (P < .05) for the traditional lecture group when
IATEC program. The control group (n = 22) received no compared with the IATEC group for comfort, creativity, and
instruction.
function.
Subjects: Subjects were recruited from an undergraduate
Conclusions: Our results suggest that use of the IATEC
athletic training education program and were screened for prior computer module is an effective means of instruction; however,
knowledge of the Q-angle.
use of the IATEC program alone may not be sufficient for
Measurements: A 9-point multiple choice examination was educating students in cognitive knowledge. Further research is
used to determine cognitive knowledge of the Q-angle. A needed to determine the effectiveness of the IATEC computer
12-point yes-no checklist was used to determine whether or program as a supplement to traditional lecture instruction in
not the subjects were able to correctly measure the Q-angle. athletic training education.
The Alien Attitude Toward Computer-Assisted Instruction Se
Key Words: computers, student attitudes, multimedia
mantic Differential Survey was used to assess student attitudes

I

nstructional technology has improved at a rapid rate.
While research has supported the use of computers as an
educational tool, we found few studies that have exam
ined the effectiveness of advanced forms of instructional
technology and its integration into educational curricula.
Fincher and Wright 1 defined computer-based instruction as
"any form of instruction that uses the computer to present
instructional information, with computer-assisted instruc
tion and interactive video being 2 distinct forms of comput
er-based instruction." Computer-assisted instruction (CAI)
generally consists of text only, whereas interactive video
programs incorporate multimedia technology. Multimedia
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technology combines the use of text, audio, video, and
graphic images to convey information.
Learning styles and learning approaches are believed to have
an influence on student achievement. 2 CAI has been shown to
enhance computer literacy, facilitate decision-making skills,
and improve student achievement.3 Studies have compared
CAI with textbook reading,4 " 6 lecture instruction,6 "15 and
other combinations of teaching methods. The effect of CAI on
practical components,4' 16 clinical experience, 17 and students'
attitudes3' 11 ' 18' 19 has also been measured. In comparison with
traditional methods of instruction, CAI allows users to progress
through a lesson independently and at their own pace. The

more advanced multimedia computer programs affect several
senses and can meet the needs of a variety of learning styles.
Multimedia technology can also be used to create clinical
situations, which are of particular value in athletic training
education. Clinical situations offer the user the opportunity to
simulate real-life situations without risk to the patient. These
simulations allow exposure to unusual cases and complex
problems, encouraging users to experiment and take risks that
might not be appropriate in an actual clinical environment.20
In the field of athletic training, use of CAI and multimedia
computer programs has been limited. The few programs that
are used consist of text only and have limited multimedia and
interactive capabilities. According to a survey of 86 athletic
training curriculum directors, 47 respondents used CAI and 9
used multimedia computer programs. 1 As part of an interactive
athletic training educational curriculum (IATEC), we created
an interactive multimedia computer program designed to de
velop essential competencies of athletic training through dem
onstration and skill assessment. 21 One module of this program
identified the definition, implications, and measurement of the
quadriceps angle (Q-angle). An increased or decreased Q-angle
can lead to pathomechanical problems, such as chondromalacia
or a subluxing patella, in both males and females. A group of
20 athletic trainers (10 certified athletic trainers, 10 senior
student athletic trainers) established content validity of the
Q-angle module in the IATEC program. We beta tested the
modules and established test-retest reliability from the built-in
Q-angle test session (r = 0.96 for certified athletic trainers and
r = 0.87 for senior student athletic trainers).
The Q-angle module in the IATEC program has been used in
studies examining practical application, knowledge structures,
and cognitive athletic training knowledge.4'22'23 Buxton et al4
and Holgen et al23 compared a combination of instructional
methods in determining IATEC effectiveness. Subjects were
randomly assigned to 1 of 4 groups: IATEC group, which had
1 hour of interaction with the computer; textbook group, which
had 1 hour to study and read Q-angle material; IATEC/
textbook group, which had both types of instruction combined
in 1 hour; and control group, which had no treatment. All 3
experimental groups performed significantly better than the
control group on practical assessment of the Q-angle and
attained significantly more cognitive athletic training knowl
edge. No other significant differences were observed.4'23 Chen
et al22 examined the use of the IATEC module on knowledge
structure. Their findings suggested that the IATEC module had
a positive impact on student learning by influencing their
knowledge internalization. These studies suggest that the
Q-angle module in the IATEC program was equally effective
in educating students on both cognitive and practical skill
levels when compared with textbook reading.
There are no studies that have determined the effectiveness
of the IATEC program versus traditional lecture instruction in
attaining cognitive knowledge and practical assessment skills.
In addition, no studies have examined student attitudes toward
the IATEC program or any other interactive computer program

in athletic training education. Therefore, the purpose of our
study was to determine the effectiveness of the IATEC
program versus traditional lecture instruction in athletic train
ing education by evaluating cognitive knowledge and practical
assessment skills of the Q-angle measurement on a human
subject, as well as student attitudes toward both methods of
instruction.
METHODS

Subjects
We recruited sixty-six subjects, 40 males and 26 females, for
this study. All subjects were enrolled in an upper-division
undergraduate applied anatomy and kinesiology course at a
large southwestern university. This was an introductory course,
and the prerequisite included human anatomy. Subjects had a
background in musculoskeletal anatomy but no formalized
education in athletic training. Subjects who volunteered com
pleted a prescreening survey including amount of clinical
experience and previous knowledge of the Q-angle, along with
a variety of other terms that served as distractors. Those
without prior knowledge of the Q-angle were included in the
study. The study was exempt from human subjects review
because the research involved the use of educational tests and
survey procedures that did not directly link subject identifica
tion, did not place the subject at risk of criminal or civil
liability, and were not damaging to the subject's financial
standing, employability, or reputation. Participants signed a
willingness-to-participate statement that informed them of the
purpose of the study and the importance of enthusiastic
participation. All subjects signed a statement of confidentiality
to prevent interaction among the subjects regarding the Qangle topic.
We randomly assigned 66 subjects equally to a traditional
lecture group, IATEC group, or control group. Two subjects
did not complete the computer program due to scheduling
conflicts and were dropped from the study. This left 22
subjects (14 males and 8 females) in the traditional lecture
group, 20 subjects (15 males and 5 females) in the IATEC
group, and 22 subjects (12 males and 10 females) in the control
group.
Procedure
Traditional lecture group. A full-time professor and
NATABOC-certified athletic trainer conducted a 50-minute
classroom lecture. Subjects were encouraged, but not required,
to take lecture notes. The lecture began with an introductory
phase that included the definition and importance of the
Q-angle. A review of lower leg anatomy and a description of
the components of the Q-angle followed. Overhead transpar
encies were used to review anatomy and the Q-angle and to
emphasize knee pathologies. Measurement of the Q-angle was
discussed, followed by a demonstration of the procedure using a
goniometer. The instructor emphasized step-by-step methods on a
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human model. Lastly, normative values for Q-angle measure
ments were given, followed by examples of abnormal cases and
resultant pathologies. Immediately after instruction, subjects com
pleted an attitude survey, took the written examination, and
scheduled a time to take the practical examination. Subjects were
not given the opportunity to practice measuring the Q-angle
before the practical examination. All subjects in the lecture group
completed the practical examination within 2 weeks of instruc
tion.
IATEC group. The interactive computer program contained
the same content as the lecture, yet students received instruc
tion independently outside of class time on a Macintosh
7100X/80 (Apple Computer, Inc, Cupertino, CA) using the
IATEC program. This program is designed to provide visual,
auditory, and kinesthetic feedback on athletic training educa
tional components. For our study, subjects were directed into
the Q-angle lesson. The program began with a brief video
segment that demonstrated and explained the essential knowl
edge and skills of Q-angle assessment. Lower leg anatomy and
Q-angle landmarks were reviewed, followed by a test of the
information. If an answer was incorrect, immediate feedback
was given revealing the correct answer. The Q-angle demon
stration on a human model was shown on the computer
monitor. Using a mouse and the drag-and-click method,
subjects practiced measuring various angles with a goniometer.
The subjects then identified Q-angle landmarks on a human
model and practiced measuring these angles using the mouse.
When the test was completed, the subjects received a score.
When a competency level of 70% or higher was achieved, the
educational component ended. If 70% was not achieved, the
program restarted, beginning with the goniometer practice. The
program length varied, but most subjects completed the pro
gram within 65 minutes. Immediately after completing the
program, subjects took the attitude survey and the written
examination. They then scheduled a time to take the practical
examination. Subjects were not given the opportunity to review
measuring the Q-angle before the practical examination. All
subjects in the computer group completed the practical exam
ination within 2 weeks of instruction.
Control group. Subjects in this group did not receive either
traditional lecture or computer-assisted instruction. We re
minded the subjects in this group that they signed a statement
of confidentiality vowing not to discuss any information with
other involved subjects. Immediately after enrollment, subjects
completed the written examination and scheduled a time to
take the practical examination. Subjects in this group did not
complete the attitude survey because they were not exposed to
any type of instruction. All subjects in the control group
completed the practical examination within 3 weeks of enroll
ment.
Instrumentation

Written examination. The written examination consisted of
9 multiple choice questions that measured cognitive knowledge
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about the Q-angle. Certified athletic trainers (n = 10) in the
field established content validity of this instrument before data
collection. We calculated the reliability of the examination
with an intraclass correlation coefficient obtained from 1-way
analysis of variance. Correlations of each question to the total
score indicated that each question was moderately related to
the total score (r = 0.4 to 0.72). The reliability coefficient was
r = 0.70.
Practical examination. The practical examination consisted
of 12 yes or no questions related to appropriate measurement of
the Q-angle. A yes point was given if the subject performed the
task correctly, and a no point was given if the subject
performed the task incorrectly. This format is based on the
national certification examination used by the NATABOC. An
expert panel of athletic trainers reviewed, validated, and
established points for the NATABOC practical examination. 24
Content validity was assured since it was modeled after the
NATABOC practical examination and sampled material pre
sented in the IATEC program and in the lecture instruction. We
calculated the reliability of the practical examination with an
intraclass correlation coefficient obtained from 1-way analysis
of variance. The reliability coefficient was r — 0.93. The
subject was asked to measure a human model's Q-angle, and a
certified athletic trainer documented the responses. A goniom
eter, marking pen, and athletic tape were available for the
subject's use.
Attitude assessment survey. After instruction, the tradi
tional lecture and IATEC groups completed a survey measur
ing student attitudes toward the 2 different types of instruction.
We chose the Alien Attitude Toward CAI Semantic Differen
tial Tool as the attitude assessment tool for this study. It was
developed for nursing students and was validated by a small
panel (4 experts in computer applications and 1 psychometrician who is considered an expert in semantic differential
scales).25 Of the 26 adjective pairs, 12 were considered to be
nonrelevant; thus, the other 14 were retained. The 14 bipolar
adjectives could be scored from 1 to 7, with 1 being the least
desirable to 7 being the most desirable (Figure). For example,
for the adjective pair "rigid:flexible," the nearest space to
"rigid" was given 1 and the nearest space to "flexible" was
given a 7, with all other spaces in between given respective
Rigid
Useful
Stimulating
Meaningless
Pleasant
Valuable
Creative
Impersonal
Efficient
Inappropriate
Comfortable
Nonthreatening
Overpowering
Time-saving

1

7
7
1
7
7
7
1
7
1
7
7
1
7

2
6
6
2
6
6
6
2
6
2
6
6
2
6

3
5
5
3
5
5
5
3
5
3
5
5
3
5

4
4
4
4
4
4
4
4
4
4
4
4
4
4

5
3
3
5
3
3
3
5
3
5
3
3
5
3

6
2
2
6
2
2
2
6
2
6
2
2
6
2

7
1
1
7
1
1
1
7
1
7
1
1
7
1

Flexible
Useless
Boring
Meaningful
Unpleasant
Worthless
Unimaginative
Personal
Inefficient
Appropriate
Uncomfortable
Threatening
Easy to control
Time-consuming

Alien Attitude Toward CAI Semantic Differential Tool, with scoring
key.
f

numbers in order. Subjects placed a check where they felt the
instruction should be rated on the basis of the adjective pair.
The 14 bipolar scales were then grouped into 3 subscales
labeled comfort, creativity, and function. Comfort and creativ
ity each contained 4 bipolar adjective scales, while function
contained the remaining 6. We calculated the scores for both
types of instruction based on the 3 subscales, as well as a total
overall score. Total scores could range from 0 to 98, while
score ranges for the 3 subscales were as follows: 0 to 28 for
comfort; 0 to 28 for creativity; and 0 to 42 for function.
Data Analysis

We computed means and standard deviations for traditional
lecture, IATEC, and control groups for the written and tradi
tional lecture practical examination scores. We used a 1-way
analysis of variance to examine the differences among the 3
groups for both the written and practical examinations. A post
hoc analysis (P < .01) using the Scheffe procedure was used to
determine significant differences among groups on cognitive
assessment and practical assessment of the Q-angle.
We calculated means and standard deviations for the total
score and the 3 subscales of the attitude survey for the
traditional lecture and IATEC groups. An independent t test
was used to determine whether significant differences (P <
.05) existed among the groups. We calculated the reliability of
the entire survey and each subscale with an intraclass correla
tion coefficient obtained from a 1-way analysis of variance.
RESULTS

Group means and standard deviations for the written and
practical examination scores are listed in Table 1. Results of a
1-way analysis of variance indicated a significant difference
among the 3 groups on the written examination (F261 = 57.61;
P < .001). Post hoc analysis using the Scheffe procedure
indicated that the traditional lecture group performed signifi
cantly better than both the control and IATEC groups, and the
IATEC group performed significantly better than the control
group.
Results from the practical examination also indicated a
significant difference among the 3 groups (F2 61 = 55.86, P <
.01). Post hoc analysis using the Scheffe procedure indicated
that the traditional lecture and IATEC groups performed
significantly better than the control group, but there was no

Table 1. Means (Standard Deviations) for Written and Practical
Examinations
Variable
Written*
Practical!

Lecture
(n = 22)

IATEC
(n = 20)

Control
(n = 22)

7.73(1.03)
8.38(3.11)

5.75(1.68)
6.65 (3.70)

3.36(1.29)
0.00 (0.00)

* Range of scores is 0 to 9.
t Range of scores is Oto 12.

significant difference between the traditional lecture and
IATEC groups.
The means and standard deviations for the total score and the
3 subscales of the attitude survey are shown in Table 2.
Because the attitude survey relies on a 7-point scale (I being
the lowest, 7 being the highest), Table 3 illustrates the means
and standard deviations on a 7-point scale. For our study,
favorable attitudes toward type of instruction were considered
to be any score above 4.0.
The reliability for the entire attitude inventory was r — 0.90,
while the reliability for the subscales of comfort, creativity, and
function was r = 0.84, 0.56, and 0.84, respectively.
We performed a t test to determine whether significant
differences in attitudes existed between the 2 groups as
measured by total score and for each of the 3 subscales. For the
total score, the traditional instruction group had significantly
more favorable attitudes toward instruction (?4I = 7.81, P <
.05) than the IATEC group. The 3 subscales showed similar
findings. The traditional lecture group had significantly more
favorable attitudes on comfort (t4} — 4.86, P < .05), creativity
(r41 = 4.92, P < .05), and function (?41 = 3.08, P < .05).
DISCUSSION

Both methods of instruction proved to be effective learning
tools for subjects when obtaining cognitive knowledge to
perform practical skills in athletic training, as indicated by the
significantly higher scores over a control group. The results of
the written examination, however, indicated that the traditional
lecture group gained significantly more cognitive knowledge
about the Q-angle than the IATEC group. Our results suggest
that, while the IATEC module is effective, it may not be able
to stand alone as a means of instruction for this particular topic
in athletic training subject matter. In addition, our results
suggest that students preferred lecture instruction over the
IATEC instruction, as measured by attitude scores for the
overall score and for each of the 3 subscales.
Several researchers have reported CAI to be as effective as
traditional lecture instruction for attaining cognitive knowlTable 2. Means (Standard Deviations) for Attitude Scores Toward
Traditional Lecture and IATEC Instruction

Total (max = 98)
Comfort (max = 28)
Creativity (max = 28)
Function (max = 42)

Lecture (n = 22)

IATEC (n = 20)

82.59(12.17)
24.55 (4.72)
21.50 (3.36)
36.55 (6.07)

74.15(12.29)
21.30 (4.61)
18.55 (4.12)
34.30 (5.11)

Table 3. Means (Standard Deviations) for Attitude Scores Toward
Traditional Lect ure and IATEC Instructic•n on a /-Point Scale

Total
Comfort
Creativity
Function

Lecture (n = 22)

IATEC (n = 20)

5.90(1.32)
6.14(1.31)
5.38(1.31)
6.09(1.25)

5.30 (1 .68)
5.34(1.31)
4.64 (2.0)
5.72(1.36)
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edge.7 '8'" Other researchers,6' 14 however, have shown CAI to
be significantly better than traditional lecture instruction in
imparting knowledge and enhancing instructional efficiency.
Billings and Cobb26 found that the strongest predictor of
achievement was attitude toward CAI. Gaston 11 reported no
significant difference in students' attitudes toward lecture
instruction and CAI. Research by Day and Payne8 and Porter 14
showed CAI to be effective; however, they reported that
students preferred the traditional lecture method of instruction
over CAI.
Research examining the effectiveness of CAI in teaching
practical skills has been shown to be as effective as, 16'27 or
better than,4 other methods of instruction. The results of our
study indicate no significant differences between the traditional
lecture and IATEC groups for practical skill performance of
Q-angle assessment; however, examination of the mean scores
yields important implications from a clinical perspective. A
score of 6.65/12, which was the IATEC mean score, would not
be clinically acceptable as a demonstration of practical skill
competence of Q-angle assessment. Consequently, our results
underscore the importance of examining both statistical and
clinical significance when interpreting results. One problem we
faced was that subjects had to schedule an appointment to take
the practical examination. Due to time constraints, some
subjects did not complete the practical examination until 2
weeks after instruction. This delay may have affected the
subject's retention of the subject matter.
The inconsistency in the literature can be partially explained
by examining the advantages and disadvantages of CAI versus
traditional lecture instruction. The subjects in our traditional
lecture group were not only familiar with the instructor, but
were also accustomed to the lecture/demonstration format of
instruction. Traditional lecture instruction is thought to be
more familiar and less threatening, 14 which may enhance
learning. Lack of computer experience can lead to computer
anxiety; hence, subjects may feel frustrated and carry negative
attitudes toward the program. Familiarity and experience usu
ally lead to a more positive attitude toward CAI, as indicated
by Porter. 14 His research indicated that, although attitudes
toward traditional lecture instruction were better, attitudes
toward CAI showed continued improvement in scores after 60
days of use.
Another possible explanation for the inconsistency in the
literature is the quality and validity of different software
programs. While the authors of IATEC established content
validity, they did not report construct or predictive validity.
Other interactive multimedia computer programs may produce
different results depending on the validity and quality of the
programs. Programs that are user friendly and run efficiently
are highly recommended for ensuring a positive learning
environment.
Although the traditional lecture group significantly outscored the IATEC group in total score and in the 3 subscales of
the attitude survey, the IATEC group still showed favorable
attitudes toward the IATEC module. Recall that any score
242
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above 4.0 indicates favorable attitudes (Table 3). These find
ings are consistent with the work of Gaston, 1 1 Lowdermilk and
Fishel,3 and Xakellis and Gjerde, 19 who also found favorable
attitudes toward CAI. However, the practical importance of
these differences should also be taken into consideration.
Although the differences among groups in this study were
statistically significant, all the mean scores were favorable and
the mean differences were less than 1 point (0.27-0.80). Thus,
the high statistical power in this study, given the sample sizes
of 22 and 20 per group, yielded statistical differences that in a
practical setting are quite small.
Finally, while the reliability for total score (0.90), comfort
(0.84), and function (0.84) were high, the reliability for
creativity (0.56) was quite low. Alien25 reported similar reli
ability measures, with the subscale for creativity being lower
than the other scales (r = 0.66). Additional work examining
the factor structure with a large independent sample in athletic
training is warranted to determine the suitability of the subscales for this population.
Day and Payne8 reported that negative aspects of CAI were
lack of feedback, lack of student control, lack of interaction
between the student and instructor, and a biased orientation
against computer instruction. While the IATEC module used in
our study does provide positive feedback in the form of a
correct answer, there is no discussion or student: student or
studentprofessor interaction. In our study, students received
only a single exposure to the IATEC module, which may have
contributed to less favorable attitudes. In addition, students in
the lecture group received instruction during a regular class
period, whereas students in the IATEC group were required to
seek instruction outside class time. These factors may have
affected their attitudes and ability to attain cognitive knowl
edge and may partially explain the significantly more favorable
attitudes and higher written examination scores for the tradi
tional lecture group as opposed to the CAI group.
A disadvantage for the IATEC group was the use of a
2-dimensional tool and measurement on a computerized human
model, while the lecture group visualized the procedure as the
instructor demonstrated the steps on a human model. Identify
ing an anatomic landmark on a live human model usually
entails palpation as well as visual information. Palpation is
absent when using the IATEC module, and therefore this task
is more difficult. Consequently, the IATEC group may have
had difficulty in the transition from the computer simulation to
the human model on the practical examination. Students who
prefer traditional lecture instruction may also benefit from
real-life demonstrations.
Some students may need to experience both methods of
instruction to maximize learning. One advantage of the IATEC
module was that subjects were able to work independently and
control their own pace. Immediate feedback was given, and
corrections had to be made in order to advance in the program.
Moreover, subjects could voluntarily repeat the sessions as
needed in order to gain sufficient understanding of the mate
rial. Similar support for CAI was also reported by Porter. 14

Additional research employing a combination of lecture and
IATEC instruction merits investigation to fully explore these
issues. Incorporating the entire IATEC program, as opposed to
1 module, would also allow examination of the program's full
potential. A combination lATEC/lecture group was not in
cluded in this study because subjects in the lecture group were
exposed to the Q-angle lesson as part of a university course.
The lecture for this topic was 50 minutes, and, had a fourth
group of students been allowed to then use the IATEC program
in addition to the 50-minute lecture, they would have had more
exposure to the topic than the other groups. This would have
skewed the results of our study, giving the fourth group a clear
advantage over the other groups.
Further research is needed to investigate retention of mate
rial, since transferring learned knowledge to a clinical situation
is the true measure of success in athletic training. Using
interactive multimedia programs for a longer period of time,
such as for an entire semester, may determine long-term
effects. Lastly, implementing interactive multimedia computer
programs at different institutions, in other athletic training
curriculum programs, may increase the generality of the
results.
In conclusion, the IATEC module has been shown to be an
effective educational tool in athletic training; however, it may
not be able to stand alone. Attitudes toward both types of
instruction were favorable, but attitudes toward lecture instruc
tion were significantly more favorable than toward IATEC
instruction. Given the continually changing face of instruc
tional technology, traditional lecture should not be dismissed
as a form of instruction. The implementation of interactive
multimedia computer programs into athletic training curricula
must remain a primary focus for future research. The advan
tages of all types of instruction need to be maximized, while
the disadvantages are minimized. Through continued research
and development of instructional technology in athletic train
ing, the most effective means of integrating computers into
curricula can be determined.
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An Analysis of Selected Factors That Affect
the Work Lives of Athletic Trainers
Employed in Accredited Educational
Programs
Ellen Staurowsky, EdD; Kent Scriber, EdD, ATC, PT
Department of Exercise and Sport Sciences, Ithaca College, Ithaca, NY 14850
Objective: To gain insight into selected factors that affect
certified athletic trainers who work in accredited athletic train
ing educational programs. Specifically, the demands and ex
pectations placed upon certified athletic trainers relative to
workloads, elements of compensation such as salary and
benefits, and performance evaluation criteria were studied.
Design and Setting: We designed the Survey of Athletic
Trainer Workloads, Criteria for Retention and Promotion, and
Salary Levels. Three copies were sent to all undergraduate
curriculum directors for accredited athletic training education
programs (n = 88). One hundred fifty-three usable surveys were
returned (58%).
Subjects: The subjects were 153 certified athletic trainers
who were employed in accredited athletic training education
programs.
Measurements: Simple descriptive data including fre
quency distributions and measures of central tendency were
used to compile most of the results and findings. A 2-way
analysis of variance was performed relating to salary, years of
experience, and sex.

D

Results: Most certified athletic trainers (78%) worked on
staffs of at least 3 certified athletic trainers. Almost universally,
responsibilities included some combination of teaching, athletic
service, and student supervision. Certified athletic trainers
reported being certified an average of 12.5 years and typically
worked more than 50 hours per week. The greatest percentage
of those responding (56%) earned between $25,000 and
$39,999 annually. Salaries were significantly lower for females
than for their male counterparts of equal experience (P < .05).
Chairperson evaluations and student evaluations on teaching
were rated as the most important performance evaluation
criteria for athletic trainers regarding merit and promotion.
Conclusions: Although there was a wide range of responses
for most categories surveyed, the data revealed clear trends.
With more information of this nature, realistic assessments and
comparisons can be made among certified athletic trainers
working in accredited curriculum programs.
Key Words: workloads, salaries, retention and promotion
criteria

uring the past 20 years, sport has emerged to assume a training have commanded considerable attention from practi
preeminent place within all sectors of American soci tioners and researchers.
ety. From the expansion of existing professional
A study of the athletic training and sports medicine literature
leagues 1 '2 to the evolution of major college sport as a mass reveals a preference for areas that focus on the preparation of
spectacle3 to the creation of more and better opportunities for athletic trainers and how they meet professional standards. The
girls and women,4'5 the involvement of Americans in sport has profession rarely questions the conditions and circumstances that
comprise the work lives of athletic trainers. As Russell, Jacobs,
reached record proportions.
As the sporting enterprise has grown and matured, so too has and Johnsen (M. Russell, M. Jacobs, and J. Johnsen, unpublished
the profession of athletic training. From 1974 to 1994, mem data, 1996) observed, there is a gap in the literature regarding
bership in the National Athletic Trainers' Association (NATA) market demand, salary, and educational level.
Whereas an in-depth profile of the work conditions that
rose from less than 1,000 to more than 12,000.6 According to
Mariani,7 the upward trend experienced by the NATA contin affect the lives of athletic trainers is almost nonexistent, there
ued in 1995 when membership reached almost 14,000. The are occasional references made to salary. In results from a
issues encountered and resolved by the athletic training com survey reported by Baltimole, 12 one half of all clinical athletic
munity during the past 2 decades as part of the coming-of-age trainers earned from $20,000 to $30,000 a year. In contrast,
process have served to shape the profession itself. The formu 39% of athletic trainers working in high school settings started
lation of responses to questions related to certification,8 cur- at salaries ranging from $30,000 to $40,000, while an addi
ricular and technical concerns,9 " 11 and the role of athletic tional 19% made from $40,000 to $50,000.
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In an analysis of entry-level salaries for athletic trainers
holding positions within hospital/clinical, college/university,
and high school settings, Moss 13 reported differences related to
type of position, job site, and educational level. For example,
at the college/university level, the average salary for a head
athletic trainer with a bachelor's degree was just over $23,000,
while a head athletic trainer possessing a master's degree
earned an average starting salary of $25,706. Arnold et al 14
found similar results and determined that a doctoral degree,
master's degree, and marital status were the best salary
predictors. Individuals with doctoral degrees averaged $8,000
more annually than those with master's degrees. Athletic
trainers holding master's degrees earned $2,000 more than
those with bachelor's degrees, and married individuals earned
about $2,000 more than single individuals.
In a general overview of sport-related careers, including
athletic training, Mariani7 touched upon the issue of salary.
According to statistics provided by the NATA, athletic trainers
working at the college and university level earned approxi
mately $34,000.
Beyond the treatment of salary, little has been done to
investigate factors (eg, workloads and scholarly activities) that
have the potential to impact athletic trainers in the daily
execution of their jobs. As in all other professions, the
composition and construction of workloads, the compensation
packages including salary and benefits, and the standards used
in evaluating job performance all play critical roles in shaping
and defining the work lives of athletic trainers. Because
athletic trainers working in curriculum programs have aca
demic and nonacademic responsibilities that may affect their
work lives, we believe this to be a topic worth exploring in
greater detail.
Our purpose was to gain insight into selected factors that
affect the work lives of athletic trainers. Specific attention was
directed toward the identification of workload demands and
expectations placed on certified athletic trainers, elements of
compensation including salary and benefits, and performance
evaluation criteria.
METHODS

Survey Instrument
We designed the Survey of Athletic Trainer Work Loads,
Criteria for Retention and Promotion, and Salary Levels
specifically for this study. The survey consisted of 55 items
organized into 4 parts: background information, institutional
and programmatic demographic information, workplace issues,
and evaluation criteria. Background information included
items such as age, sex, and years of experience. Information
related to institution size, athletic affiliation, and number of
certified athletic trainers on staff formed the programmatic
information portion of the survey. Workplace issues addressed
were certified athletic trainers' hours at work, academic and
athletic responsibilities, salary, benefits, and compensation.

Factors identified as most meaningful to performance evalua
tions included peer, student, and administrative evaluations and
the importance of participation in scholarly activities. Three
surveys were mailed to each of 88 undergraduate curriculum
directors for completion and distribution to their athletic
training staffs (n = 264).
Subjects
Subjects for this study were certified athletic trainers who
returned the survey and were employed by institutions that
offered accredited undergraduate athletic training education
programs. The sample consisted of 153 subjects, 97 males and
56 females. Forty-eight respondents were program directors.
The remaining 105 subjects performed other responsibilities
and roles in athletic training education programs.
Statistical Procedures
Data from the surveys were entered into the Ithaca College
campus center computer and analyzed using SPSS statistical
software (version 7, SPSS Inc, Chicago, IL). An analysis of
variance (ANOVA) was performed to examine annual salary
relative to years of experience and sex. The remainder of the
results were subjected to simple descriptive statistical analysis.
RESULTS

Background of Subjects
One hundred and fifty-three subjects returned usable surveys
for a return rate of 58%. The sample comprised 63% males
(n = 97) and 37% females (n = 56). The mean age for subjects
was 35 years, with subjects ranging in age from under 25 to
over 60. Forty-eight respondents were program directors. Of
the 145 respondents who noted their level of education, 92
(63%) held the master's degree and 43 (30%) held earned
doctorates. White subjects totaled 145 (95%), 2 subjects (1%)
identified themselves as Latino, and 6 subjects (4%) identified
themselves as being of other ethnic background. The subjects
had been certified as athletic trainers for an average of 12.5
years, had a mean 10.5-year work record in the profession, and
were primarily employed in Division I (58%) or Division II
(22%) athletic programs.
Institutional and Programmatic Information
For the subjects in this study, the vast majority (slightly over
70%) of those responding occupied faculty positions. Less than
one third of the subjects were designated as professional/
administrative staff by their respective institutions. One hun
dred nineteen (78%) worked on staffs of 3 or more certified
athletic trainers, and 85 (56%) were on staffs of 4 or more
certified athletic trainers.
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Based on the data, workloads universally included some
combination of teaching, service to the athletic department, and
supervision of students. A mean breakdown of workloads
along those 3 dimensions revealed that teaching accounted for
40% of the average workload, while supervision and service to
the athletic department each contributed 30% to the overall
workload. Among program directors, 24 (50%) did not have
athletic team responsibility and 24 (50%) did.
Another identifiable area of responsibility in which all
subjects participated was student advising. Although subjects
advised an average of 24 students, advising loads varied. At the
low end of the continuum, 23% reported advising from 1 to 10
students. In contrast, 22% of subjects indicated they advised
more than 45 students in a given year regardless of their
amount of academic responsibilities.
For example, 71% of the subjects (n = 108) indicated that
they organized and assisted in the conduct of preparticipation
examinations. With regard to administrative responsibilities,
57% of the subjects participated in the purchasing of supplies,
43% had budget responsibilities, and 20% processed insurance
paperwork.
Ninety-three percent of subjects (143/153) noted that they
routinely worked more than 40 hours per week. The "average"
athletic trainer in the study reported working 51 to 55 hours per
week, while 24 subjects (16%) stated that they spent in excess
of 60 hours per week at work.
Workplace Issues: Athletic Trainer Compensation
Packages

Seventy-two percent of participants (111 of 153) in the study
shared information about salary ranges. Of those responding,
91 (82%) had worked at least 7 years, and 52 (47%) had been
employed for at least 13 years. Frequency distributions and
measures of central tendency were used to ascertain the
average salary for the population, as well as the salary
extremes (Table 1). The mean salary was $41,130 (SD ±
$13,960) with subjects appearing in all salary categories, from
a low of less than $19,000 to a high between $75,000 and
$79,999. The average salary for female athletic trainers (n =
39) in this study was $35,790 (SD ± $11,440), while the
average salary for male athletic trainers (n = 72) was $44,030
Table 1. Yearly Income (in dollars) (Mean ± SD)
Years of Experience
1-2
3-4
5-6
7-8
9-10
11-12
13-14
15-16
17-18
Mean
Entire population
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Females (n)

Males (n}

$ 29,170(3) ± 2,890
$ 22,500(1) ± 00.00
26,420 (6) ± 7,070
37,500 (4) ± 16,830
25,830 (3) ± 2,870
29,170(3) ± 5,770
27,500 (4) ± 4,080
38,500(10) ± 11,500
37,500 (4) ± 16,830
37,500(10) ± 12,020
42,500 (6) + 10,000
43,500 (5) +11 Q4D
40,000 (4) ± 6,450
45,630 (8) ± 12,230
39,500 (5) ± 2,390
42,500(11) ± 8,060
50,000 (4) ± 15,000
55,000 (20) ± 12,720
35,790 (39) ± 1 1 ,440
44,030 (72) ± 13,650
$41 ,130 (111) ± 13,960

Volume 33 • Number 3 • September 1998

(SD ± $13,650). The majority of all subjects' annual salaries
(56%) ranged from $25,000 to $39,999.
We conducted further statistical analysis on the salary data.
To equalize numbers in each category, the 9 groupings for
years of experience (2-year intervals) were compressed to 3
groupings, each having 6-year intervals, for this analysis
(Table 2). We chose a 2-way ANOVA to examine salary
relative to years of experience and sex. There were significant
differences for income among the groups for years of experi
ence (F-, I05 = 16.70, P < .01) and sex (F, 105 = 4.10, P <
.05).
Nearly all subjects (97%) received medical and retirement
benefits. Over 70% noted that they had access to dental
benefits and short-term disability through their institution,
while 69% indicated they also received long-term disability
coverage as well.
Tuition support for family members varied. Just over 74% of
subjects indicated their benefits package included a provision
for spouses to receive tuition assistance from their institution,
in contrast to only 56% of respondents who claimed they had
access to tuition programs for their children.
Performance Evaluation

Respondents were asked to rate the importance their insti
tutions placed on 10 different performance criteria, according
to a 5-point scale (1 = very important, 2 = important, 3 =
neutral, 4 = unimportant, 5 = very unimportant):
•
•
•
•
•
•
•
•
•
•

peer evaluations (persons within the institution)
peer evaluations (persons outside the institution)
student evaluations (teaching)
student evaluations (advising)
chair or unit head evaluations
director of athletics evaluations
publication in professional journals
presentation at professional meetings
service on institutional committees
service at the state, regional, and national level

Over 80% of respondents rated chair evaluations and student
teaching evaluations as important or very important in their
review for retention and/or promotion. Peer evaluations fur
nished by people within the institution were rated as important
or very important by 60% of respondents. In the area of
scnolarsmp, nearly :547o ana DSTC ot respondents, resptactively,
and presentations as important or verv

important, but over 40% of respondents reported scholarship to
Table 2. Yearly Income (in dollars) (Mean ± SD)
Years of Experience
1-6
7-12
13-18
Mean
Entire population

Females ( n)
$26,960(12) ±
36,790(14) ±
42,880(13) ±
35,790 (39) ±
$41

Males (n)

5,250
$ 32,500 (8)
12,220
39,100(25)
9,670
49,550 (39)
1 1 ,440
44,030 (72)
,130 (111) ± 13,960

±
±
±
±

12 ,820
11 ,520
11 ,000
13,650

play a neutral, unimportant, or very unimportant role in their
performance evaluation. Forty-four percent identified athletic
director evaluations as being important or very important in the
review process. Another 54% rated these criteria as neutral,
unimportant, or very unimportant.
DISCUSSION

Population and Programmatic Information
Athletic trainers are set apart from their faculty colleagues in
other disciplines by virtue of the diverse nature of their
appointments. As a subgroup, athletic trainers are called on not
only to teach but also to perform their job in the athletic
department. This provides the groundwork for role conflict and
a gap in performance review.
An appreciation for the problems of athletic trainers' lives
can be gained by examining the responsibilities they deal with
on a regular basis. Duties typically considered to be inherent to
academic appointments, such as preparations for lectures and
laboratories, grading of written and practical examinations,
supervision of student athletic trainers, service to department,
school, and college, professional development, and scholarly
activity often have to be accomplished in addition to the more
traditional duties of athletic trainers. The typical daily respon
sibilities relating to the prevention, care, and management of
athletic injuries are very time consuming, regardless of the
athletic trainer's academic responsibilities.
The data suggest that individuals working in accredited
athletic training education programs are subject to a set of job
demands and expectations that are both diverse and time
consuming. As institutions with current programs or those
moving toward accreditation attempt to clearly assess and
define the necessary workloads for their employees, these data
will provide an account of current trends.
The athletic trainers in this investigation were experienced in
the profession. Because nearly 80% of the respondents re
ported a history of working in the profession for at least 7
years, it appears that, as a group, these athletic trainers were
fairly well established in their careers. The representation of
females in our investigation (37%) was lower than the national
average within the NATA. According to Booth and Anderson,5
females comprise 44% of the membership.
We were interested to find that, even though nearly 80% of
the subjects worked on staffs of at least 3 and nearly 60%
worked on staffs of 4 or more, they still averaged more than 50
hours of work per week. Although we can break down the
workload and identify the various demands placed on athletic
trainers to provide an outline of how athletic trainers spend
their time, it is also important to examine how much time
athletic trainers spend working.
The pattern of diverse job demands combined with long
work hours parallels the conditions associated with athletic
trainer burnout. 15 As a precautionary measure, institutional
decision makers (provosts, deans, department chairs, athletic

directors) and athletic trainers may wish to re-examine work
loads to reduce the level of physical and emotional stress
experienced by athletic trainers. Recent recommendations from
health care professionals for the education of administrators
about difficulties posed by role conflict related to workload are
supported by the findings from this study and suggest that
athletic trainers, as health care professionals, should seek a
greater voice on this matter within their institutions. 16
Salary and Compensation
In order to obtain a more complete understanding of the
compensation awarded to athletic trainers by their respective
institutions, subjects identified a salary range (presented as a
$5,000 range) that best approximated their earnings for the
preceding academic year. Subjects were also asked to desig
nate, from a list of 10 possible benefit areas, those benefits to
which they had access.
We were not surprised to find that subjects with more years
of experience received significantly higher salaries. Overall,
athletic trainers in the population we studied received higher
annual salaries compared with those reported in the litera
ture.7' 12" 14 We speculate that the higher annual salaries of this
group of subjects are a reflection of their more advanced level
of experience.
It appears that there is still a need to close the sex gap in
salaries within the athletic training profession. Salary compar
isons between female and male athletic trainers with equal
experience revealed a significant difference, with women
earning less than men. Although this discrepancy raises con
cerns, similar trends appear in the ongoing Annual Report on
the Economic Status of the Profession conducted by the
American Association of University Professors. 17 In an anal
ysis of male-female earning differences from 1979 to 1993,
Hamermesh 17 reported that "the data make it clear that pay
differences between male and female academics have been
quite constant. ..." Depending on rank, the salary gap
favoring males for the 1995-1996 academic year ranged from
approximately $1,500 to over $7,000.
Performance Evaluations
Performance evaluation has the potential to play a critical
role in the retention and promotion of athletic trainers. Based
on the data, respondents expressed considerable agreement that
evaluations provided by the chair of their department or head
of their academic unit along with student evaluations of
teaching were the 2 most important criteria in their perfor
mance evaluations.
Regarding performance evaluation for athletic trainers, the
ratings of athletic director evaluations did not carry as much
weight as the other criteria. Although it was not surprising that
performance evaluations by the department chair and student
evaluation of teaching were seen as important or very impor
tant, evaluation by the athletic director generally was not.
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When contrasted with the high level of importance given to the much clearer idea as to the direction they believe should be
criteria of chair evaluations, the lack of importance accorded pursued. For example, they could better envision how many
athletic director evaluations suggests a structural flaw that may faculty/staff members would be ideal to assure them of the
not serve athletic trainers well in their performance reviews. greatest chance for success in meeting the Commission on
Our findings reveal an adherence to traditional faculty models Accreditation of Allied Health Education Programs criteria for
of performance evaluation that fail to provide adequate ave an approved educational program. 8 Administrators would have
nues for evaluating 30% or more of the workload of athletic a better understanding of what job responsibilities could be
trainers. This creates a professional dilemma when athletic realistically expected and practical for the various athletic
trainers are expected to perform in the traditional faculty model training personnel they hire. Employers may also have a better
while completing other time-intensive athletic training duties. sense for what a fair workload is for certified athletic trainers
Although the unanimity of responses diminished on the and what their "market value" would be.
remaining criteria rated, there is evidence to show that other
factors contribute in a meaningful way to performance evalu
ation. Peer evaluations furnished by persons within the insti ACKNOWLEDGMENTS
tution, for example, were rated as important or very important
by 60% of the respondents. In the area of scholarship, ratings The authors thank Mike Matheny, Laurie Bitting, Mark Alderman,
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Student Athletic Trainer Perceptions of
Clinical Supervisor Behaviors: A Critical
Incident Study
Neil Curtis, EdD, ATC*; John G. Helion, EdD*; Matthew Domsohn, BS'
* Department of Sports Medicine and t Department of Kinesiology, West Chester University,
West Chester, PA 19383
Objective: To identify and describe critical helpful and
hindering clinical teaching behaviors of supervising athletic
trainers, as perceived by student athletic trainers, and to
provide a better understanding of the student athletic training
experience.
Design and Setting: The critical incident technique was
used to identify critical behaviors of supervising athletic trainers
as perceived by student athletic trainers.
Subjects: Sixty-four student athletic trainers from 4 under
graduate NATA-approved or CAAHEP-accredited programs
volunteered to participate.
Measurements: The data from the critical incident forms
were reviewed for acceptability, inductively analyzed, and cat
egorized. Results are reported in raw numbers and percent
ages. Examples are provided to illustrate each category.
Results: Helpful and hindering supervisor behaviors were
identified in 4 major categories and 24 subcategories. Students
reported more helpful than hindering behaviors. Students re
ported mentoring behaviors most often, followed by accep
tance, nurturing, and modeling behaviors. Student athletic

C

linical experiences constitute a major portion of athletic
training education programs. Many certified athletic
trainers are involved in this part of the student athletic
trainer's education. The importance of the student athletic
training experience, as well as the influence of the supervising
athletic trainer upon this experience, is well recognized. The
recently formed Education Council of the National Athletic
Trainers' Association (NATA) has cited clinical education as
one of the most pressing issues to be addressed. 1 The respon
sibilities of the athletic trainer as a clinical instructor (the terms
supervising athletic trainer and clinical instructor are used
synonymously in this study) are increasing dramatically.2 A
small number of survey studies have focused on clinical
education in other allied medical professions,3" 8 and virtually
no body of information addresses clinical education in athletic
training. 2 Our primary objective was to identify and describe
critical helpful and hindering clinical teaching behaviors of
supervising athletic trainers as perceived by students. The
secondary objective was to provide a better understanding of
the student athletic training clinical experience that can be used
to enhance the clinical experience.

trainers wanted to be respected as professionals regarding
ability and knowledge. They also desired mentoring through
explanation, demonstration, and constructive feedback and
nurturing through confidence building and other supportive
supervisor behaviors. Students most often identified incidents
of humiliating behaviors and lack of availability by the supervi
sors as hindering the clinical experience.
Conclusions: Supervising athletic trainer behaviors had a
profound effect on the professional development of student
athletic trainers. Interaction between supervisors and students
positively or negatively affected student athletic trainers'
growth and development. Selection of supervising athletic
trainers, matching of supervisors with students, and training for
supervising athletic trainers are important issues that need
further investigation. Student athletic trainers can provide in
sightful information that can be used to better understand and
enhance the clinical experience.
Key Words: clinical education, clinical instruction, supervis
ing athletic trainers

METHODS

Data Collection
We collected data from junior- and senior-level student
athletic trainers enrolled in 4 different NATA-approved or
Commission on Accreditation of Allied Health Education
Programs (CAAHEP)-accredited athletic training education
programs located in the northeastern United States. The pro
gram directors at each institution recruited student athletic
trainers to participate beginning with the 1995 fall semester
clinical experience. We used the critical incident technique.9
This technique was originally used to identify critical role
behaviors in military instruction,9 and it has since been used in
various forms by many educational researchers. 10 Students
were asked to describe helpful and hindering incidents as they
occurred during the clinical experience. A critical incident was
defined as any verbal or physical behavior of a supervising
athletic trainer deemed important enough to be reported by a
student athletic trainer on a solicitation form. Critical incident
solicitation forms (Figures 1 and 2) were adapted and pilot
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READ CAREFULLY:
Think of experiences you have had recently in your student
athletic training experience. Describe an incident in which your
supervising athletic trainer's behavior was especially
HELPFUL in contributing to the success of your experience
and/or aiding your growth as an athletic trainer. This behav
ior should be something that your supervising athletic trainer
actually did and/or said.

READ CAREFULLY:
Think of experiences you have had recently in your student
athletic training experience. Describe an incident in which your
supervising athletic trainer's behavior or lack of behavior
HINDERED rather than helped you, with regard to the success
of your student athletic training experience and/or growth as
an athletic trainer. This behavior should be something that your
supervising athletic trainer actually did or did not do and/or
say.

Date of Incident:_____
ClWcal Setting:
College or High School
Year in college:
Sr
Jr
Soph

Date of Incident:_____
Clinical Setting:
College or High School
Year in college:
Sr
Jr
Soph

Student Athletic Trainer:
Male or Female
Supervising
Athletic Trainer:
Male or Female

Student Athletic Trainer:
Male or Female
Supervising
Athletic Trainer:
Male or Female

Describe the circumstances leading up to the behavior:

Describe the circumstances leading up to the behavior:

Fully describe what your supervising athletic trainer did
and/ or said:

Fully describe what your supervising athletic trainer did
and/or said or did not do and/or say:

Why do you feel this behavior was helpful?

Why do you feel this behavior hindered your performance
and/or growth?

Figure 1. Critical incident form: helpful.

tested for the purposes of this study. The forms required
students to fully describe the circumstances leading up to the
incident, the supervising athletic trainer's behavior, and the
reason why the behavior was helpful or hindering. Each
student was provided with 8 copies of each form and 8 prepaid
return envelopes. Students were requested to return equal
numbers of helpful and hindering forms. Throughout the fall
semester, the program director at each institution reminded
students to complete and return the forms.
Data Analysis

Figure 2. Critical incident form: hindering.

agreement among the 3 authors. Any disagreement was dis
cussed, and a decision was negotiated to resolve the differ
ence. 10 Interrater reliability for this study was 86%. The critical
incidents were sorted into similar general categories and were
defined (Table 1). Incidents within each general category were
further sorted using common emerging themes to create
subcategories (Table 2).
RESULTS

A total of 189 acceptable critical incident forms were
returned. Sixty-four of the 95 (67%) targeted students returned

Returned forms were reviewed to determine acceptability. Table 1. Category Definitions*
An acceptable incident form must a) have identified an actual MENTORING behaviors were those that demonstrated or attempted
action or omission of a specific verbal or physical action on the to modify the student athletic trainer's behavior in the professional
part of the supervising athletic trainer; b) describe an action responsibilities of an athletic trainer. These may be accomplished
verbally through explanation and/or discussion or physically through
that took place while the athletic trainer was serving in the demonstration.
capacity of supervisor; and c) be complete and legible. 10 Each PROFESSIONAL ACCEPTANCE behaviors were those that affected
form also requested students to supply demographic informa the student athletic trainer's feeling of acceptance as a person and/
tion on sex, year in college, and type of clinical setting. or a professional.
However, the inclusion of this demographic information was NURTURING behaviors were defined as behaviors that enabled the
student athletic trainer to develop feelings of security and/or
not required to judge a form acceptable. Each author indepen confidence.
dently reviewed the acceptable forms and identified the actual MODELING behaviors were those that may or may not have been
critical behavior. The critical behavior was underlined on the purposely intended to modify the student's behavior but were
forms and then transcribed onto index cards. In order to check deemed important, since they were reported by the student as
the accuracy of this identification process, interrater reliability critical by their presence.
scores were established based upon the agreement and dis- * Adapted from Helion. 10
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Table 2. Categories/Subcategories

Category/Subcategory
Mentoring
Helpful incidents
Explains
Demonstrates
Constructive feedback
Tests knowledge
Creates effective environment
Hindering incidents
Unavailable
Missed learning opportunity
Poor communication
Unfairness
Negative feedback
Inappropriate task
Professional acceptance
Helpful incidents
Respects student knowledge
Supportive
Positive interaction style
Hindering incidents
Poor interaction style
Lack of support
Unapproachable
Nurturing
Helpful incidents
Confidence building
Supportive
Hindering incidents
Humiliation
Disrespectful
Modeling
Helpful incidents
Good decision making
Hindering incidents
Poor job performance
Poor decision making
TOTALS
Helpful incidents
Hindering incidents

Table 3. Mentoring Examples
No. of
Incidents

Total
(% of Total
Incidents)
86 (45%)
54

22
14
10
5
3
32
9
7
6
5
3
2
53 (28%)
40
34
4
2

HELPFUL
Explains:
"ATC guided us through the entire situation"
"ATC answered all my questions in great detail"
Demonstrates:
"ATC asked me to come over and watch evaluation of the
athlete"
Constructive feedback:
"ATC suggested some things that I might have done
differently"
HINDERING
Unavailable:
"I have very little interaction with my supervisor"
"ATCs never available"
Missed opportunity:
"ATC failed to further explain the injury and evaluation with me"
Poor communication:
"ATC did not tell me to do it until 20 minutes before it had to be
done"

Table 4. Professional Acceptance Examples
13

6
4
3
43 (23%)
27
14
13
16
10
6
7 (4%)
1

HELPFUL
Respect for student knowledge:
"ATC assigned me to design the athlete's postop shoulder
rehab program"
"ATC told me to re-evaluate it and figure it out"
Supportive:
"ATC stuck up for me to the coach and agreed with my
decision"
HINDERING
Poor interaction style:
"ATC [will] barely look at me when [she/he] speaks"
Lack of support:
"[duties] make me look like a water girl"

1
6
4
2
189
122(65%)
67 (35%)

at least 1 form. We identified 4 major categories: mentoring
(45%), professional acceptance (28%), nurturing (23%), and
modeling (4%). Table 1 contains the category definitions.
Twenty-four subcategories were identified (Table 2). Student
athletic trainers reported helpful (65%) and hindering (35%)
behaviors in all categories. The 2 helpful behaviors reported
most frequently by students were respect of student knowledge
(n — 34) in the professional acceptance category and supervi
sor explanation in the mentoring category. The 2 hindering
behaviors reported most frequently by students were supervisor
humiliation (n = 10) in the nurturing category and supervisor
unavailability (n — 9) in the mentoring category. Representa
tive examples of each category are contained in Tables 3 to 6.
DISCUSSION

The supervising athletic trainer was identified as an important
factor in the development of student athletic trainers. Supervisors'

Table 5. Nurturing Examples
HELPFUL
Supportive:
"ATC makes a note to ask me how things are going and if
[he/she] could be of any help"
Confidence building:
"ATC stated that [he/she] thought I would be a very good
athletic trainer"
HINDERING
Disrespectful:
"ATC was very rude and insulting"
Humiliation:
"ATC ridiculed me for 'taking so long'. . . in front of team,
embarrassing me"

behaviors were shown to clearly affect the student athletic
trainers' feelings and attitudes during their clinical education.
Mentoring
The high number of mentoring behaviors reported showed
these to be of the greatest concern in this study. Students most
frequently identified explanation, demonstration, and construc
tive feedback behaviors as helpful. They felt that these behavJournal of Athletic Training
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Table 6. Modeling Examples

Modeling

HELPFUL
Good decision making:
"ATC showed intelligence when removing an athlete from
practice"
HINDERING
Poor job performance:
"ATC never [uses] therapeutic exercise"
"ATC showed up late again"

Although we identified modeling as a separate category, it
made up only 4% of the total incidents. Six of the 7 incidents
identified hindering behaviors. Poor job performance, such as
perceived unprofessionalism and poor administrative skills,
gave student athletic trainers negative examples of expected
job performance and demeanor. Modeling behaviors were
included as examples of effective clinical instruction practice
in the survey studies reviewed. 3" 8 These studies,3" 8 however,
used closed-ended questions or lists for data collection. Using
our open-ended solicitation forms (Figures 1 and 2), modeling
behaviors were rarely identified as critical. We attribute our
findings to the difference in methodology. We certainly believe
that behaving as a caring, competent professional is important
in the clinical instruction of students.

iors added to their professional knowledge base and enhanced
their performance in the clinical setting. Supervisor unavail
ability and missed learning opportunities were most frequently
identified as hindering behaviors. Students desired to know
how they were doing and wanted frequent feedback on their
clinical performance. Students also wanted to be included more
often in the application of clinical skills, such as injury
evaluation and rehabilitation. These helpful and hindering
behaviors were also identified in survey studies investigating
clinical education in nursing, 8 physician assistant programs,6
physical therapy,3" 6 and respiratory therapy. 3 For example,
physical therapy students5 found information provided through
feedback to be the most helpful supervisor behavior.
Professional Acceptance
We found professional acceptance to be the next most
important category. This category also included the most
frequently reported behavior, respect for student knowledge.
Students described a desire for autonomy. Acknowledgment
and validation from their supervisors of their knowledge and
skills set a positive tone for a productive clinical experience.
Poor interaction style, such as terseness or negativity, was the
most frequently identified hindering behavior in this category.
Nurturing
Nurturing behaviors included 2 of the top 4 most cited
helpful subcategories: confidence-building and supportive be
haviors. Confidence-building behaviors, such as positive re
sponses to student clinical performance, and supportive behav
iors, such as willingness to assist students with clinical and
nonclinical aspects of their education, were clearly appreciated
by student athletic trainers. These nurturing behaviors were
considered helpful because they increased feelings of student
competence and created a safe environment for student athletic
trainers to show initiative and participation. Humiliation was
the most frequently cited hindering behavior subcategory.
Criticism in front of others and lack of respect for student
athletic trainer abilities and feelings created a negative learning
environment. These behaviors detracted from students' profes
sional growth and lessened their willingness to show initiative
in the clinical setting. These helpful and hindering nurturing
behaviors were similar to those identified in the previously
mentioned nursing study. 8
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Frequency of Helpful and Hindering Incidents
Although students were asked to return an even number of
helpful and hindering incidents, the students in this study
returned more helpful incidents (65%). There may have been a
hesitancy on the students' part to supply negatively perceived
behaviors. 10 This may have been attributed to the students'
reliance on their supervisors for grades and recommendations.
We maintained student and supervisor confidentiality, but,
even though students were assured anonymity, this might not
have overcome the concern that their criticisms might be
discovered. 10 When collecting student feedback, it is essential
to be aware of both student and supervisor concerns. It should
be clear in advance how the information will be collected and
used.
Limitations
While an effective method for identifying critical behaviors,
the critical incident technique is subjective. This includes the
choice of incidents reported by the students and how the
incidents were categorized by the authors. The results are
based solely on student perceptions of critical supervisor
behaviors. While similar behaviors may be observed in other
settings, the results of this study are not generalizable. A small,
purposeful, nonrandom sample was used. Student perceptions
provide insightful and enlightening information for supervising
athletic trainers, athletic training educators, and student athletic
trainers. Consumers of this research must determine how the
results of our study relate to their circumstances to better
understand, and in turn improve, the clinical experience to
enhance student learning and development.
Further Study
We hope that this article and the students' words serve as an
impetus for further discussion, introspection, and research on
clinical education in athletic training. Research should include
the perspectives not only of students, but also of teachers,

clinical coordinators, and clinical supervisors.6 While we
requested gender information, the returned data were not
sufficient to provide meaningful analysis in this area. In
addition, we did not consider the age or amount of clinical
experience of the student athletic trainers. Anderson et al, 11 in
a recent survey study examining the supervision in athletic
training education, suggested that older students did not rate
their supervisors as positively as younger students. Further
research including sex, age, and experiential differences could
add additional insights to the area of athletic training clinical
education.
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Importance of Selected Athletic Trainer
Employment Characteristics in Collegiate,
Sports Medicine Clinic, and High School
Settings
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Objective: We examined employer importance ratings of 35
employee characteristics in the collegiate, sports medicine
clinic, and high school settings and made comparisons among
these settings.
Design and Setting: All prospective employers were sent a
survey. Of the 472 surveys mailed, 282 (60%) were returned,
with a sample error rate of 1.9%.
Subjects: All prospective employers listed on the NATA
position vacancy notices from January 1, 1994 to October 1,
1994.
Measurements: Employers were asked to rate 35 employee
characteristics as "not important," "minimally important," "im
portant," or "very important." Additionally, employers chose 1
of 15 job descriptors that best identified their position vacancy.
These 15 descriptors were then categorized into collegiate,
sports medicine clinic, and high school settings. Discriminant
analysis and analysis of variance procedures were used to
determine if the 35 employee characteristics differed across the
3 settings.
Results: The discriminant analysis produced 2 significant
discriminant functions (P < .05) with 23 of the original 35
characteristics remaining in the analysis. The first function

O

ur purpose was to examine employer importance
ratings of 35 employment characteristics in the colle
giate, sports medicine clinic, and high school settings
and to make comparisons among the 3 settings. With the
ever-competitive job market in athletic training, prospective
employees must increasingly focus on those characteristics that
are important in the employment process. We recently reported
comparisons of the characteristics of athletic trainers who were
hired in collegiate, sports medicine clinic, and high school
settings.' Within each of the settings, we reported that 86% to
95% of the individuals employed were Caucasians and 70%
were not married; 50% were from accredited undergraduate
athletic training programs and the remainder were evenly split
254
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discriminated between the collegiate setting and the other
settings, with the collegiate setting scoring the highest. The
second function discriminated among all 3 groups, with the
sports medicine clinic and high school settings scoring the
highest and lowest, respectively. Additionally, the analyses of
variance (ANOVAs) revealed that 21 of the characteristics
remaining in the discriminant analysis differed across the 3
settings.
Conclusions: Employers from all 3 settings rated educa
tional program reputation, written recommendations, job inter
view performance, and NATA-BOC certification eligibility as
important to very important. For the collegiate setting, 7 char
acteristics were rated above important and included such
characteristics as possession of a master's degree and colle
giate experience. For the sports medicine clinic, 8 characteris
tics were rated above important and included sports medicine
clinic experience, high school experience, and sport-specific
experience. Finally, for the high school setting, 5 characteristics
were rated above important. These included NATA-BOC certi
fication, a bachelor's degree, and high school experience.
Key Words: discriminant analysis, importance ratings, em
ployer ratings

between internship and graduate programs. Additionally, we
reported that for some characteristics there were differences
among the 3 settings. For sex differences, the collegiate setting
hired approximately 50% males and 50% females. In contrast,
the high school and sports medicine clinic settings employed
approximately 60% to 70% males. There were also differences
in educational level preferences. In the high school setting,
65% of athletic trainers had only a bachelor's degree. In the
collegiate setting, 81 % of the employed athletic trainers had a
master's degree, and in the sports medicine clinic, there was a
44% to 56% split between bachelor's and master's degrees,
respectively. Finally, there was also a difference among the
settings for the CPR instructor's credential. Only 25% of the

high school athletic trainers had the credential, while 31% and
44% of the sports medicine clinic and collegiate athletic
trainers, respectively, possessed the credential.
Our results differ from previous studies that rated the
importance of employee characteristics. For the high school
setting, Prentice and Mishler2 reported that high school prin
cipals indicated no preference for either a bachelor's or
master's degree but preferred 1 to 3 years of athletic training
experience. In addition, previous studies2'3 have reported that
high school employers preferred teacher-athletic trainer com
binations. In the sports medicine clinic setting, both a master's
degree4 and a physical therapy credential3'4 were rated as
important by sports medicine clinic directors. Unfortunately,
we were unable to find any studies that rated employee
characteristics for the collegiate setting.
It should be emphasized that, in contrast to previous stud
ies,2" 4 our recent study 1 did not examine employer importance
ratings of the characteristics of newly employed athletic
trainers. Instead, we examined actual employee characteristics
within the employment setting. Additionally, none of the 3
employer ratings studies2" 4 examined all 3 practice settings (ie,
college, sports medicine clinic, and high school) simulta
neously. Thus, our goal was to examine the employer impor
tance ratings of all 3 settings simultaneously and to make
comparisons among the 3 settings. We also expanded the
characteristics rated by previous studies to include the catego
ries of education, interviews and recommendations, research
and teaching experience, administration and clinical experi
ence, NATA certification and certification examination perfor
mance, and other credentials.
METHODS

Survey
This study was part of a larger study of employer, employee,
and employment characteristics. A survey was sent to all
prospective employers listed on the NATA position vacancy
notices from January 1, 1994 to October 1, 1994. Of the 472
surveys mailed, 282 (60%) were returned, with a sample error
rate of 1.9%. For this portion of the study, employers were
asked to rate 35 employee characteristics as "not important,"
"minimally important," "important," or "very important" on a
4-point Likert scale, with "not important" equaling 1. Addi
tionally, employers chose 1 of 15 job descriptors that best
identified their position vacancy.
Data Analysis
The data were initially analyzed using a discriminant anal
ysis (DA). For the DA, the importance ratings of 35 charac
teristics were considered dependent measures, and the 15 job
descriptors were collapsed into 3 categories: high school
(including teacher-athletic trainer), sports medicine clinic (in
cluding clinic-based athletic trainers with high school or

college responsibilities), and college (including faculty). After
completion of the DA, an analysis of variance and Tukey post
hoc testing were performed on each of the characteristics
remaining in the DA to determine differences among the
employers. The alpha level for all statistical tests was set at
P < .05.
RESULTS

The discriminant analysis retained 23 (Table 1) of the
original 35 characteristics to produce 2 significant discriminant
functions. The first function (Wilks A = 0.17, P < .05)
discriminated between the collegiate employers and the other
employers, with the collegiate employers scoring the highest.
Function 2 (Wilks A = 0.48, P < .05) discriminated among all
3 groups (college versus clinic, college versus high school,
clinic versus high school), with the sports medicine clinic and
high school employers scoring the highest and lowest, respec
tively.
Table 1 . Average Importance Ratings* of Items in the
Discriminant Analysis
Survey Item
1. Master's degree
2. Collegiate clinical experience
3. Equal opportunity/affirmative
action
4. Undergraduate and graduate
degrees from different
institutions
5. Computer literacy
6. Research publications
7. Oral recommendationsf
8. Experience in program
administration
9. Research presentations
10. Doctoral degree
11. Athletic training supervisory
experience
12. Bachelor's degree
13. CPR instructor's certification
14. Teaching experience
15. Teaching certification
16. NATA-BOC certification
17. High school experience
18. Professional sports
experience
19. NATA-accredited entry-level
education
20. Clinical setting experience
21. Sport-specific experience
22. Unaccredited (internship)
entry-level education
23. Accredited graduate
education

College

Clinic

High
School

3.5
3.4
3.0

2.6
3.0
2.4$

2.3
2.3
2.3$

2.0

1.6$

1.4$

2.8
1.9
3.5
2.7

2.5
1.6$
3.2
2.4$

2.2
1.5$
3.4
2.3$

1.9
1.7
3.2$

1.7$
1.5$
2.5

1.5$
1.3$
3.0$

3.6$
2.8$
2.8$
1.8$
3.9$
1.9
1.6

3.3
2.4
2.1
1.6$
3.9$
3.4$
1.9$

3.7$
2.9$
2.5$
2.6
3.6
3.1$
1.8$

2.7

3.0$

2.9$

2.0$
2.9$
2.4$

3.4
3.3
2.6$

2.3$
2.9$
2.6$

2.6$

2.8$

2.6$

* 1 = not important, 2 = minimally important, 3 = important, 4 = very
important.
t Clinic - High School, High School = College, College > Clinic.
$ Settings are not significantly different from each other.
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For those characteristics remaining in the DA (Table 1), 21
of the employment characteristics (items 1-21) differed signif
icantly across settings. Nine of these characteristics (items 1-6
and 8-10) were rated higher in importance by the college
employers than by the sports medicine clinic or high school
employers. Oral recommendations (item 7) were rated higher
by collegiate employers than by sports medicine clinic employ
ers. Colleges and high schools rated 4 characteristics (items
11-14) higher than did sports medicine clinic employers.
High school experience, professional sports experience, and
attending an NATA-accredited entry-level education program
(items 17-19) were rated lower by college employers than by
sports medicine clinic or high school employers. With the
exception of the sports medicine clinic employers' ratings of
high school experience, the average ratings were below 3.0.
The sports medicine clinic employers rated high school expe
rience between important and very important.
Employers from the sports medicine clinics rated 2 charac
teristics (items 20-21) higher than did the college or high
school employers. Both sports medicine clinic experience and
sport-specific experience were rated between important and
very important.

DISCUSSION

Examination of Tables 1 and 2 reveals that the importance
ratings can be compared both within settings and across
settings. Additionally, the items can be used to describe what
is generally perceived as important by employers in each
setting, as well as to describe how the settings are similar to
each other.

Table 2. Average Importance Ratings* of Items Not in the
Discriminant Analysis

Survey Item
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.

Reputation of education program
Written recommendations
Performance on job interview
Undergraduate and graduate education
from the same institution
Grade point average
Non-athletic training supervisory
experience
Course work in research methods
Eligibility for athletic training certification
Passing athletic training certification
exam on first attempt
Physical therapy licensure
Strength coach certification
Emergency medical technician
certification

High
College Clinic School
3.2
3.0
3.7
1.4

3.0
3.0
3.7
1.4

3.0
3.2
3.6
1.3

2.5
2.0

2.4
2.0

2.5
2.0

1.8
3.5
2.4

1.7
3.5
2.7

1.8
3.4
2.5

1.5
1.7
1.9

1.6
1.9
1.8

1.6
1.9
2.0

* 1 = not important, 2 = minimally important, 3 = important, 4 = very
important.
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In the collegiate setting, 9 characteristics were rated more
important than in the other 2 settings. From these 9 character
istics, it was possible to identify 3 major groupings. The first
was advanced degrees and included possession of master's and
doctoral degrees (Table 1, items 1, 10). The second was
experience and included collegiate clinical experience, under
graduate and graduate degrees from different institutions, and
program administration experience (items 2, 4, 8). Research
publications and presentations (items 6, 9) produced the third
grouping. In addition to these characteristics, equal opportuni
ty/affirmative action, computer literacy, and oral recommen
dations (items 3, 5, 7) were given higher ratings of importance
by collegiate employers.
Based on our knowledge of the collegiate employers and the
results of our previous study, 1 these findings were not surpris
ing. For those athletic trainers who teach in the classroom, a
master's degree or higher is often a requirement. With regard
to bachelor's- and master' s-level courses, institutions generally
require that an instructor's degree be at least 1 level higher than
that of the course being taught. For example, if an instructor
teaches at the bachelor's-degree level, then it is expected that
he or she will have at least a master's degree. Since most
research is performed in the university or college setting, it is
also not surprising that research was rated higher by the
collegiate employers. However, these ratings were relatively
low compared with the ratings of other characteristics, such as
a master's degree. It should be noted that the importance of
research in the collegiate setting probably represents the
increasing number of tenure-line faculty in the athletic training
profession rather than an expectation placed on the clinical
collegiate athletic trainer.
We were also not surprised that the collegiate employers
rated collegiate experience and program administration
experience more highly than employers in the other 2
settings. With the large number of athletic training gradu
ates in the market, employers can be more selective about
whom they employ. Thus, collegiate experience may be 1 of
the key determining factors in hiring. With regard to
program administration experience, we believe that many
collegiate athletic trainers either have administrative re
sponsibilities or at least coordinate responsibilities at their
institutions. For example, at our institution, athletic trainers
are not just responsible for athlete health care, but must also
organize physicals and drug tests for their specific teams.
Thus, it is not unexpected that collegiate employers would
rate administrative skill more highly.
Finally, we found it interesting that receiving a bachelor's
degree and master's degree from different institutions was
rated more highly by the collegiate employers. This may
suggest that the collegiate employers prefer individuals with
broader educational experiences. However, it should be noted
that this item was rated as only minimally important.

Sports Medicine Clinic Setting
The sports medicine clinic employers rated 2 characteristics
more highly than the collegiate or high school employers. The
first was sports medicine clinic experience (Table 1, item 20),
and the second was sport-specific experience (item 21). The
first of these 2 findings was expected, while the second was
not. We were particularly surprised that the sports medicine
clinic employers rated sport-specific experience higher than
collegiate employers did. In our experience, collegiate employ
ers usually employ athletic trainers to cover specific sports.
Thus, we expected that sport-specific experience would be
more important to the collegiate employer. These results may
suggest that sports medicine clinics provide health care, not for
a spectrum of athletes, but rather for specific populations.
Unfortunately, data on the typical sports medicine patient were
not available to us, nor are we aware of any such data.
High School Setting

These 2 employers also rated the bachelor's degree as more
important than did the sports medicine clinic employers. The
meaning of this is not entirely clear. However, it should be
noted that employers in all 3 settings rated a bachelor's degree
as being important to very important. It is also interesting to
note that none of the employers rated accredited graduate
education as important. Thus, initially it appears that employ
ers in these 2 settings are more concerned with entry-level
education. However, the college employers rated a master's
degree between important and very important. Unfortunately,
we were unable to answer certain questions based on our
survey: whether collegiate employers place no more value on
accredited than on unaccredited graduate athletic training
programs or on a master's degree in athletic training versus
some other discipline.
The Sports Medicine Clinic and High School
Settings: Common Characteristics

Where high school employers rated 2 characteristics differ
ently, the college and sports medicine clinic employers did not
rate them differently. The first was a higher importance rating
for teaching certification (Table 1, item 15). This higher rating
is supported by Sexton et al,3 who reported that 82% of high
school principals preferred to employ teacher-athletic trainers
and that 62% of the principals surveyed would not employ an
athletic trainer who was not teacher certified.
The second item, NATA-BOC certification (item 16), was
found to be rated as less important by high school employers.
While this rating is disturbing, it is not unexpected. According
to Sexton et al,3 of the 108 schools in their survey that reported
having athletic programs, 35% did not identify sports health
care to be a critical need, and, of those schools that reported
having an athletic trainer, 29% did not employ a certified
athletic trainer. This suggests that high school employers may
be more interested in filling the vacancy and less concerned
about credentials. However, it should be noted that employers
in all 3 settings rated NATA-BOC certification between
important and very important.

For the sports medicine clinic and high school settings, high
school experience, professional sports experience, and accred
ited entry-level education (Table 1, items 17-19) were rated as
more important. The higher importance rating for high school
experience by these 2 employers was not unexpected. In a
previous study,3 59% of the sports medicine clinics that
identified athletic training as important also indicated that high
schools need athletic trainers. Additionally, Prentice and
Mishler2 reported that high school principals preferred individ
uals with 1 to 3 years of athletic training experience.
We are unable to explain why professional sport experience
was rated as more important by the high schools and sports
medicine clinics than by the colleges, but none of the employ
ers rated this experience above minimally important. Finally,
we found it very interesting that the sports medicine clinics and
high schools rated the importance of accredited entry-level
education higher than did the colleges. The explanation for this
is unclear. However, these results are supported by previous
research6 reporting that entry-level salaries for high school
athletic trainers and sports medicine clinic athletic trainers
were higher than for college athletic trainers.

The Collegiate and High School Settings: Common
Characteristics

Characteristics Not Different Across The Settings

Both the high school and collegiate employers rated athletic
training supervisory experience, CPR instructor's certification,
and teaching experience (Table 1, items 11, 13, 14) as having
higher importance. Both of these settings typically involve
clinical teaching and student supervision. As indicated previ
ously, this was supported by Sexton et al,3 who reported that
high school principals preferred teacher-athletic trainers. Fur
thermore, 52% of athletic trainers surveyed by Foster and
Leslie5 taught clinical skills and knowledge in the clinical
setting, and 63% supervised student athletic trainers in the
clinical setting. Thus, we were not surprised that both employ
ers rated these characteristics as having higher importance.

Originally, 35 characteristics were used in this analysis.
However, the discriminant analysis determined that only 23 of
these characteristics actually distinguished among the 3 clinical
settings. In other words, the remaining 12 characteristics
(Table 2) were not significantly different across the 3 settings.
Included among these characteristics were physical therapy
licensure, strength coach certification, and emergency medical
technician certification (items 10-12). Not only did these
characteristics not discriminate among the settings, they were
rated below minimally important. Our impression has been that
athletic trainers generally believe that additional credentials are
desirable. This general impression is supported by the NATA
Journal of Athletic Training
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Education Task Force report, which proposed the development
of Certificates of Additional Qualifications.7 However, our
results suggest that additional credentials were not as important
to the employers as were other factors, which is consistent with
our previous finding that additional credentials were not factors
in the actual hiring of athletic trainers. 1 In contrast, other
investigators3 '4 have reported that sports medicine clinic direc
tors rated physical therapy credentials as important. One
possible explanation for this difference may be that we limited
our study to employers who had current vacancies for athletic
trainers, whereas the previous studies surveyed potential em
ployers. Thus, potential employers may have had a broader
perspective when responding.
It should also be noted that Table 2 includes performance at
the job interview and athletic training certification eligibility
(items 3, 8). Based on the ratings of these characteristics, it is
clear that employers in all 3 settings believed they were
important. Thus, these characteristics were not included in the
DA.
In addition to the 12 characteristics in Table 2, unaccredited
(internship) entry-level education and accredited graduate ed
ucation were not significant across settings (Table 1, items
22-23). The reason these 2 characteristics were included in the
DA is unclear. However, they probably acted as suppresser
variables that enhanced the importance of the other variables in
the DA. While it is interesting that these 2 variables did not
differ across settings, it is probably more interesting that both
characteristics were rated lower than accredited entry-level
education.

experience, and sport-specific experience. Finally, the high
school employers rated 5 characteristics above important.
These included NATA-BOC certification, a bachelor's degree,
and high school experience.
We believe our findings can be useful for athletic training
educators and for prospective employees, ie, student athletic
trainers. Academic advisors and students can use this informa
tion to select entry-level and graduate athletic training educa
tion programs that best meet their needs with regard to career
goals. For example, if a student is interested in a career at the
high school level, selection of an entry-level program that
offers opportunities to simultaneously pursue a teaching cre
dential would seem important. If employment in a sports
medicine clinic is the goal, selection of an entry-level or
graduate program that offers sports medicine clinic experiences
would likely enhance the probability of securing employment
in a sports medicine clinic. This information should assist in
the identification of characteristics that are uniquely important
to each of the employment settings, as well as those that are
shared among the settings.
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Pharmacologic Considerations in the
Treatment of Injured Athletes With
Nonsteroidal Anti-Inflammatory Drugs
Joel E. Houglum, PhD
College of Pharmacy and Department of Chemistry and Biochemistry, South Dakota State University,
Brookings, SD 57007
Objective: Nonsteroidal anti-inflammatory drugs (NSAIDs)
are commonly used to relieve discomfort and enhance the rate
of recovery from athletic injuries. A clear understanding of
general pharmacologic principles may help the health care
professional to optimize therapeutic outcomes and minimize
undesirable effects. Such principles include onset and duration
of drug action, potency, half-life, steady state, and the impact
of exercise and disease on drug absorption, metabolism, and
excretion.
Data Sources: I searched the MEDLINE and CINAHL data
bases from 1983 to 1997 for the terms "anti-inflammatory
drugs," "NSAIDs," "sports medicine," "injury," and "rehabilita
tion."
Data Synthesis: The NSAIDs exert their mechanism of
action primarily through the inhibition of arachidonic acid
metabolism. A basic understanding of this mechanism on the

S

elf-administration of drugs for therapeutic purposes
has become an accepted way of life in our society. The
number of drugs and therapeutic categories now avail
able without a prescription provides each individual more
options for self-therapy than ever before. The H2-receptor
antagonists for gastroesophageal reflux and the everincreasing number of nonsteroidal anti-inflammatory drugs
(NSAIDs) are examples. Even though people make thera
peutic errors as a result of self-diagnosis and self-treatment,
health care professionals have a responsibility to provide
proper diagnosis and treatment for each patient. Conse
quently, it is important for health care professionals who
treat the injured athlete to have a basic understanding of
pharmacology, especially as related to the drugs they may
recommend. Extensive discussion of pharmacologic princi
ples and specific information related to NSAIDs can be
found in pharmacology and therapeutics textbooks. 1 "3 How
ever, the information presented here is intended to provide
basic pharmacologic principles with a focus on the NSAIDs,
the most commonly used drugs to treat athletic injuries.
Other drugs, such as steroidal anti-inflammatory drugs and
opiate analgesics, are also used to treat athletic injuries but
will not be specifically discussed.

part of the health care professional facilitates an understanding
of potential side effects and drug interactions, especially those
related to increased blood clotting time, diminished kidney
function, and occurrence of gastrointestinal discomfort. The
effectiveness of NSAIDs in increasing the rate of healing and
relieving pain and inflammation can be affected by variables
such as the extent of injury, drug dosing, duration of therapy,
and the specific drug used.
Conclusions/Recommendations: Some general therapeu
tic concepts that should be considered before using NSAIDs
include the following: (1) Only 1 of these agents should be used
at a time in a patient. (2) They should preferably be given with
food. (3) Specific outcomes should be delineated. (4) Each
patient's physical condition and medical history should be
considered before NSAIDs are instituted.
Key Words: NSAIDs, pharmacology, mechanism, therapy

PHARMACOLOGIC PRINCIPLES

The desired outcome when treating an injured athlete is most
often to relieve discomfort or to enhance the rate of recovery,
or both. Drug therapy is often used in conjunction with other
treatment modalities to facilitate recovery and expedite return
to activity. With each drug therapy, the specific therapeutic
outcome should be determined, so the degree of success can be
evaluated and therapy modified if necessary. In other words,
the specific goals desired in using the NSAID must be
established. Since every drug has the potential for side effects,
it is important to optimize dose and dosing interval, as well as
duration of therapy. If the therapeutic outcome has been
achieved, drug therapy should be discontinued unless reassess
ment reveals the need to set a new goal. This may seem like an
obvious concept to the health care professional, but not
necessarily to the patient, who may continue to use the drug
therapy until specifically instructed to stop. A clear under
standing of the basic pharmacologic principles will be helpful
to the health care professional in obtaining optimal therapeutic
outcomes while minimizing undesirable effects.
For any drug to have the therapeutic (desired) effect, the
drug must reach the site of action. The site of action varies for
different drug categories, but often is a receptor (usually a
Journal of Athletic Training
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protein), either on the surface or inside a specific cell type, or
it may be an enzyme within the cell. In any case, a chemical
interaction must take place to initiate the molecular mechanism
of action. The onset of action of the drug is the time it takes for
the number of drug molecules that interact at the site of action
to become large enough to cause a noticeable response. This
response will continue as long as the minimal effective
concentration is maintained at the site of action. As drug
molecules dissipate from the site of action, an insufficient
number of drug molecules will be present to cause an observ
able response, and, thus, action is terminated. The duration of
action is the time between onset and termination of action.
The advantage of a longer duration of drug action is the need
for fewer doses per day. Drugs with longer durations of action
have a longer half-life (t, /2), which is the time required for the
blood level of a drug to be decreased by one half. Naproxen,
for example, has a t, /2 of about 14 hours and a typical dosing
interval of twice per day (Table). Ibuprofen, on the other hand,
has a shorter t, /2 (about 2 hours), and, consequently, a more
frequent dosing interval (3 to 4 times per day) is typical.
In addition to duration of action, the other practical impact
of t, /2 on therapy is the relationship to the time required to
reach steady-state blood level. A steady-state blood level is
reached when the rate of drug being absorbed into the blood
equals the rate leaving the blood through metabolism and
excretion, so that continued therapy at that dose and dosing
interval no longer increases the peak blood level. When drug
dosing is at regular intervals (eg, every 6 hours), the peak blood
level will continue to rise with each successive dose until the
regular dosing has been given beyond 5 half-lives of the drug.
A steady-state level is then reached. If 220 mg naproxen
sodium were administered every 12 hours, the peak blood level
during each successive 12-hour interval would rise until after 3
days (5X14 hours), when steady state is achieved. Ibuprofen,
with a much shorter t, /2, administered at 200 mg every 6 hours,
would reach peak steady-state blood level after the third dose
(first dose at time zero).

Selected NSAIDs
Generic
Name
aspirinf
fenoprofen
flurbiprofen
ibuprofenf
indomethacin
ketoprofenf
nabumetone
naproxen Na|
piroxicam
sulindac
tolmetin Na

Trade Name

Doses/Day

many
Nalfon
Ansaid
Advil
Indocin
Actron
Relafen
Aleve
Feldene
Clinoril
Tolectin

4
3-4
2-3
3-4
2-3
3-4
1-2
2
1
2
3-4

Maximum Daily
Adult Dose
(mg)*
6,000
3,200
300
3,200
200
300
2,000
1,375
20
400
2,000

* Maximum adult daily dose, although typical daily dose may be
considerably less.
t Available without prescription.
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The onset and duration of action of a drug is based primarily
upon pharmacokinetic parameters, which include the rates of
absorption, metabolism, and excretion of the drug. Absorption
of most orally administered drugs occurs primarily from the
small intestine. Factors that increase the rate of absorption into
the blood will decrease the time for onset of action to occur (ie,
quicker response). A glass of liquid administered with an oral
dosage not only aids in dissolution of the drug, but also
expedites movement of the drug into the small intestine. Since
solid food takes longer than liquids to move from the stomach
into the small intestine, administration of a drug with food will
generally slow absorption, thus delaying onset of action. The
rate of oral drug absorption during exercise usually decreases,
since blood supply to the gastrointestinal (GI) tract is reduced
during exercise.
Rates of metabolism (primarily by the liver) and excretion
(primarily by the kidney) influence the rate at which the drug
is removed from the site of action and, thus, will alter the
duration of action. These pharmacokinetic parameters may be
altered by blood flow and the intensity and duration of
exercise.4 The liver usually inactivates the drug, while the
kidney may excrete both active and inactive forms of the drug.
During exercise, the metabolic rate may be decreased due to
reduced blood flow to the liver. However, for drugs that are
highly bound to protein (eg, NSAIDs), diminished blood flow
also increases the opportunity for the liver to remove the drug
from the protein for more rapid metabolism. The cellular level
of various metabolizing enzymes in the liver is also altered
with exercise. As exercise diminishes blood flow to the kidney,
the glomerular filtration rate of drugs diminishes. Since most
NSAIDs are weak acids, renal tubular reabsorption may also
increase as urinary pH decreases during exercise. Research to
delineate the practical implications of these and other exerciseinduced changes in metabolism and excretion is lacking.
However, changes in these pharmacokinetic parameters are
more likely to occur during intensive exercise of long duration,
with the most significant impact on the therapeutic response
occurring from drugs that have a shorter t1/2 and in athletes in
whom the necessity for continuous therapeutic effect is more
critical. In contrast to the uncertain impact of exercise-induced
effects, decreased efficiency of liver and kidney from trauma
or disease can significantly increase the duration of action of
many drugs, including NSAIDs, and may necessitate a dosage
adjustment.
Drug potencies are related to the concentration of drug
required at the site of action. Some drugs are more potent
because they will bind more readily to the receptor or enzyme
at the site of action and, thus, require a lower dose to achieve
the therapeutic response. Although the dose of a drug is based
upon the potency, there is no significant therapeutic advantage
to a more potent drug. Ibuprofen at 200 mg has an analgesic
effect equipotent to 650 mg of either aspirin or acetaminophen.
Similarly, 50 mg of flurbiprofen is equipotent for antiinflammatory action with 400 mg of ibuprofen. As with most
drugs, a linear dose-response effect is observed with the

NSAIDs such that, as the dose of the drug is increased, the
concentration of the drug at the site of action will increase and
yield an enhanced response until a maximum response is
obtained. Even if the desired response is not achieved, the
recommended maximum dosage (Table) should not be ex
ceeded; at higher doses, additional therapeutic benefit is
unlikely and the incidence of undesirable side effects and toxic
effects increases.
The potential for drug interactions is also a consideration when
treating athletes with NSAIDs. 1 '2'5"7 A drug interaction can be
defined as a change in response to 1 drug as a result of the
concurrent use of a second drug. Drug interactions can occur
between NSAIDs and several categories of therapeutic agents.
Among the most significant are the interactions in patients being
treated with warfarin (an anticoagulant). The therapeutic response
of warfarin can be significantly enhanced in some patients as the
result of cotherapy with NSAIDs, and, thus, these combinations
should be avoided unless the warfarin dosage can be adjusted
appropriately. Other potentially significant drug interactions exist.
For example, NSAIDs may decrease the effectiveness of diuretics,
beta blockers, and angiotensin-converting enzyme inhibitors,

which are used to treat hypertension, and NSAIDs may increase
the effectiveness of oral hypoglycemic agents used to treat
noninsulin-dependent diabetes. It is also important to note that, in
general, if two drugs are competing for the same receptor or
enzyme at the site of action, there is no therapeutic advantage to
using both drugs. Consequently, the use of two or more NSAIDs
in combination generally provides no therapeutic benefit and may
increase toxic effects. Since some NSAIDs are available without
a prescription, athletes should be cautioned about self-medication
with these agents while being treated with another NSAID, and a
physician should be consulted before two NSAIDS are taken
concurrently.
MECHANISM OF ACTION

The mechanism of action of the NSAIDs is based primarily
upon their ability to inhibit the production of several of the
eicosanoids, so named because they are produced from the
20-carbon fatty acid, eicosatetraenoic acid (arachidonic acid).
Synthesis of the eicosanoids follows several pathways (Fig
ure), resulting in various groups of potent compounds with
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Arachidonic acid (AA) exists as a membrane-bound ester until released by the action of phospholipase A2. NSAIDs inhibit cyclooxygenase
1 and 2, thus diminishing the subsequent synthesis of mediators of inflammation, including prostacyclin (PGIJ, thromboxane A2 (TXA2),
and prostaglandins E2 (PGEg) and P2a (PGF2J. Inactive metabolites are 6-keto PGF1Q. and TXB2. NSAIDs do not significantly inhibit the
lipoxygenases; consequently, the synthesis of HPETE (hydroperoxyeicosatetraenoic acid), HETE (hydroxyeicosatetraenoic acid), and the
leukotrienes (LTA4-LTF4) are not affected. The synthesis of isoprostanes is also not affected by NSAIDs.
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unique chemical structures. 1 '8 Subscripts are used to designate
the number of carbon-carbon double bonds in the molecule (eg,
LTB4 has 4 double bonds). Although the level of activity of
these pathways differs among cell types, virtually every cell
produces 1 or more of these arachidonic acid metabolites.
Synthesis is in response to trauma, infection, allergies, or
thermal and chemical insults or in response to hormones that
are released through endogenous regulatory mechanisms. 1 '9' 10
NSAIDs inhibit the enzymes cyclooxygenase 1 (COX-1) and
cyclooxygenase 2 (COX-2), which convert arachidonic acid to
cyclic endoperoxides PGG2 and PGH2.8J ' The endoperoxides are
potent compounds themselves, but also are the intermediates in
the synthesis pathway of prostacyclin (PGI2), thromboxanes
(TXA2), and the stable prostaglandins (PGE2, PGF2a). One or
both of the cyclooxygenase enzymes are found in almost all
tissues. COX-1, for example, is found in gastric and kidney cells,
whereas COX-2 is induced in cells that promote inflammation.2' 12
Also, the concentration of the enzymes that catalyze the subse
quent reactions varies among tissues.8 NSAIDs have not demon
strated a clinically significant effect on the lipoxygenase enzymes,
which synthesize the hydroperoxyeicosatetraenoic acids
(HPETEs), hydroxyeicosatetraenoic acids (HETEs), and leukotrienes (LTs). 1 '3'7 The isoprostanes are chemically similar to the
endoperoxides, but are produced by a nonenzymatic pathway and
thus are also not affected by NSAIDs. 13
The arachidonic acid metabolites are important mediators of
a multitude of physiologic responses, including inflammation,
pain, anaphylaxis, platelet aggregation, uterine contraction,
vascular muscle tone, suppression of gastric acid output, and
various effects in the kidney. In some situations, the effect of
1 mediator is modulated by the release of another; for example,
PGI2 produced in blood vessel walls inhibits platelet aggrega
tion and thus counters the platelet aggregation effect of TXA2
which is produced by platelets. 14 In addition, some physiologic
effects are shared by more than 1 arachidonic acid metabolite.
PGF2tv , LTC4 and LTD4, for example, are all potent constric
tors of bronchial smooth muscle. 1 ' 10 With respect to the
inflammatory response, the cyclooxygenase products cause
vasodilation, which leads to increased blood flow and infiltra
tion by leukocytes, increased edema, and hyperalgesia. Note
worthy, however, is that products of 5-lipoxygenase also
contribute to edema, leukocyte chemotaxis and adhesion, and
hyperalgesia. 10 Since the NSAIDs do not significantly inhibit
the production of the LTs, the effectiveness of NS AID therapy
will depend in part on the role of the LTs in the inflammatory
response. In addition, there are many other mediators that are
not arachidonic acid metabolites that may impact the magni
tude and duration of inflammation. These include complement
factors, interleukins, tumor necrosis factor, bradykinin, serotonin, platelet-activating factor, and histamine. The role of each
of these mediators in the injury-induced inflammatory response
is not completely elucidated, but the extent to which they are
involved will also influence the effectiveness of NSAID
therapy.
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THERAPY CONSIDERATIONS

General Use To Treat the Athlete

Even though the inflammatory response brings to the injured
site a myriad of compounds and cells presumably for the
purpose of initiating the healing process, the extent and
duration of inflammation are often excessive and painful and
may delay the rate of recovery and ability to use other
therapeutic modalities. There are two major reasons to use
NSAIDs in the treatment of athletic injuries: to decrease
excessive inflammation so as to increase the rate of healing and
to decrease the pain associated with inflammation. Although
the ability of these drugs to ease pain is typically not disputed,
whether they also decrease healing time with such consistency
is unclear. However, a survey of several review articles 15" 19
leads to 3 general conclusions. First, there are many variables
that impact the effectiveness of NSAID therapy, including type
and extent of injury, time frame between injury and initiating
drug therapy, drug dosing, duration of therapy, specific drug
used, and the pharmacokinetic parameters. Second, prudent use
of NSAIDs for the treatment of excessive inflammation can
sometimes decrease the time until an athlete returns to activity,
especially when drug therapy is accompanied by other treat
ment modalities. Third, each athlete's situation should be
evaluated individually to determine the value of NSAID
therapy.
There are several factors that should be considered for each
athlete before instituting therapy. The severity of the injury,
duration of therapy, cost of the drug, and level of activity
necessary for the athlete can all affect the drug and dosage
selection. A college or professional athlete may need more
aggressive therapy than a casual participant. A drug that
requires fewer doses per day may be a significant advantage for
some patients, such as those who require chronic therapy,
although the cost of the drag may be a more important
consideration in other patients.
There are approximately 20 NSAIDs on the market, with
others at various phases of testing. The Table is a selected list
of NSAIDs, with frequency of dosing and maximum daily
adult dose. These compounds have analgesic properties at
lower doses and anti-inflammatory effects at higher doses.
Some NSAIDs are available without a prescription because of
their substantial safety record at higher prescription doses and,
thus, are frequently used to treat inflammation and often are
selected when analgesia alone is desired. Another agent,
acetaminophen, which is typically not classified as an NSAID,
is often preferred for analgesic therapy; it has a lower incidence
of GI discomfort and ulceration, since it does not function
through inhibition of COX-1 or COX-2. Although the NSAIDs
have relatively equal effectiveness, response among patients
varies greatly, so that a patient may not respond to one NSAID
but may respond satisfactorily to another. There is no mecha
nism to predict which NSAID will be most effective for a
particular patient.

Precautions
Pre-existing conditions must also be considered before
NSAID use. A patient who is allergic to one NSAID, including
aspirin, may be allergic to them all. 20 Therefore, all NSAIDs
should be avoided in patients with history of hypersensivity
response (eg, asthma, urticaria, rhinitis) to any of these agents.
Use of NSAIDs is not recommended in pregnant women or
those breastfeeding their infants. 20'21 Even though extensive
studies concerning the use of most NSAIDs in children are
lacking, ibuprofen has a demonstrated acceptable margin of
safety, even for longterm use. 22
Since arachidonic acid metabolites play a significant role in
renal physiology, especially when diminished renal function
exists, NSAIDs should be used with caution in patients with
existing renal disease or congestive heart failure. Acute renal
failure has occurred in such patients. Elderly patients are at
increased risk, since renal function diminishes with age.2'7
NSAIDs must also be used with caution in patients with pre
existing hepatic impairment or a history of ulcers. PGI2 and PGE2
are cytoprotective for the gastric mucosa, and, thus, reduced
production of these compounds by NSAIDs can eventually lead to
ulceration. Inhibition of TXA2 production in platelets results in
prolonged bleeding time, exacerbating clotting problems for
individuals with existing bleeding disorders.
The likelihood of side effects is always an important
consideration before drug therapy. Local irritation and the
systemic effects of NSAIDs contribute to GI discomfort and
frequently elicit epigastric pain, nausea, and vomiting, but also
contribute to ulceration and exacerbation of existing ulcers as
duration and relative dose of therapy increase. These GI
problems are the most common side effects associated with use
of any of the NSAIDs, although several reports indicate a
lower incidence with some agents (eg, ibuprofen, ketoprofen,
naproxen, nabumetone) than with aspirin. 2'3 '7'23'24 There are,
however, many other potential but less frequent side effects,
some of which occur more selectively with specific NSAIDs.
For example, headaches and psychiatric disturbances are more
commonly associated with the use of indomethacin.
To summarize, some therapy considerations concerning the
use of NSAIDs to treat athletic injuries are as follows:
• Don't use more than 1 NSAID in the same patient at the
same time.
• Use NSAIDs to accomplish a specific therapeutic outcome (eg,
to reduce pain or excessive inflammation in order to attain a
specific level of activity) and then discontinue drug therapy.
• Use NSAIDs with caution in patients with a history of
ulcers. The tendency for GI ulceration increases with
chronic use.
• Evaluate the potential gain against the potential problems for
each athlete.
• Administer preferably with food to minimize GI discomfort.
• Avoid use in patients with known allergic reaction to any
NSAID, in patients with a history of bleeding disorders, in

patients with compromised renal or liver function, and in
pregnant or nursing women.
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Acute Subdural Hematoma After a Reported
Mild Concussion: A Case Report
Robert D. Kersey, PhD, ATC, CSCS
Division of Kinesiology and Health Promotion, California State University, Fullerton, CA 92834
Objective: This case details the possible relationship be
tween a reported mild concussion and an acute subdural
hematoma in a football athlete. Concussion grading scales and
return-to-play guidelines are also discussed.
Background: An otherwise healthy athlete suffered a re
ported mild concussion, and continued symptoms led to the
diagnosis of postconcussion syndrome. The patient returned to
football 25 days after the injury and sustained a second head
injury 10 days later. He became unconscious and presented
with decerebrate posturing, a fixed and dilated left pupil,
shallow breathing, right-sided paralysis, and bilateral Babinski
signs.
Differential Diagnosis: Possible pathologies included sub
dural hematoma, epidural hematoma, cerebrovascular acci
dent, cerebral edema, and intracerebral hemorrhage.

M

ost athletic head injuries are not considered cata
strophic. 1 However, potentially life-threatening head
injuries occur in many athletic events,2 and, in fact,
head injuries are the leading cause of death in sport.3'4
Concussions occur at relatively high rates among some ath
letes. 5 According to Torg et al,6 an average of 8 football
players die each year from head injuries. The most common
cause of head-injury death in sport is the subdural hematoma. 7
This case report explores a possible relationship between 2
head injuries (a reported mild concussion and an acute subdural
hematoma) suffered by a football athlete.
CASE REPORT

The subject was a 19-year-old community college football
offensive lineman who was 178 cm tall and weighed 105 kg.
The athlete denied any previous central nervous system diffi
culty, including previous head injuries, fainting or dizzy spells,
epilepsy or convulsive disorders, or frequent headaches.
While participating in a football game approximately 6
weeks after the preparticipation physical examination, the
subject sustained what was later diagnosed as a mild concus
sion. The etiology of the injury was unknown, but the patient
believed he sustained a blow to the posterior aspect of the head
while attempting to block an opposing player. The athlete did
not lose consciousness but later described feeling briefly
dazed.
The incident was not reported for 12 days, and the athlete
continued to participate in all activities. The patient then
264
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Treatment: Computerized tomography indicated fluid over
lying the left hemisphere and temporal fossa. Two burr holes
released acute and clotted subdural blood. After 19 days, the
patient was discharged without neurologic deficit.
Uniqueness: Traditionally, acute subdural hematomas are
thought to result from single traumatic incidents. However,
individuals may be more susceptible to such pathology after
recent head trauma.
Conclusions: Recent mild head injury may increase the risk
for catastrophic pathology. This case emphasizes the impor
tance of using concussion grading scales and adhering to
return-to-play guidelines, as well as the use of additional
diagnostic techniques after mild head injury.
Key Words: head injury, mild brain injury, second-impact
syndrome

detailed the incident to the certified athletic trainer, disclos
ing that he had continued to have mild to moderate head
aches since the original trauma. The left-sided headaches
were sometimes associated with nausea, and his use of
nonprescription medications provided marginal relief. Im
mediate referral to the patient's family physician followed.
Approximately 2 weeks after the original trauma, the patient
visited his general practitioner, who restricted the athlete
from all physical activities. After 1 week of rest, con
sultation with the family physician revealed continued
headaches.
The patient was referred to a neurologist for further evalu
ation, including cranial nerve function tests and cognitive
function tests (abstract thought, memory function, handwriting,
construction, and calculations). A 21-channel electroencepha
logram was completed, including 3-minute hyperventilation
and photic stimulation. All neurologic examination results
were considered within normal limits, and the diagnosis was
postconcussion syndrome. The patient was given Esgic (Mikart, Inc, Atlanta, GA) for the headaches. This medication is
designed to combine the analgesic properties of acetaminophen-caffeine and the anxiolytic aspects of butalbital. He
returned to his previous football regimen 25 days after the
original trauma. Over the next 10 days, the patient returned to
competition and reported that his headaches were less frequent
and less severe.
Five weeks after the original trauma, the patient once again
sustained a head injury during a football game. The precise

etiology of this injury was also unknown. The patient started
off the playing field slowly under his own power, although he
was in obvious distress. As he neared the sidelines, he was
unable to continue and sat down. His immediate responses
indicated severe head pain, vertigo, and bilateral leg paresthesia. The patient lay down and again noted the extreme head
pain. While medical personnel were monitoring vital signs and
preparing the patient for transport, he had a mild seizure. The
athlete became incoherent and his reflexes diminished. Vital
signs included 20 respirations per minute, 90 to 100 heartbeats
per minute, and blood pressure of 210/110 mm Hg. During
transport, the patient became unconscious and unresponsive to
stimuli.
Clinical signs in the emergency room included decerebrate
posturing, a fixed and dilated left pupil, shallow breathing,
right-sided paralysis, and bilateral Babinski signs. The patient
was intubated and underwent a computerized tomography
examination. Results of the computerized tomography exami
nation indicated moderate subdural fluid collection with evi
dence of an acute subdural hematoma overlying the left
hemisphere and left temporal fossa with a massive shift to the
right (Figure 1).
The athlete was taken to the operating room, and a left
temporal burr hole was made. A large amount of clear, watery
fluid under pressure escaped, followed by an acute subdural
hematoma. A second left temporoparietal craniotomy was
placed, which led to the evacuation of an additional clotted
subdural hematoma. Postoperatively, the patient's pupils
equalized, and he was transferred to the intensive care unit. The
patient began to awaken from the coma after 2 days and was
moved to a room 6 days later. After 19 days, the patient was
discharged without any evidence of neurologic deficit. How-

ever, his physicians suggested that he not engage in future
football activities.
DISCUSSION

Sports health care professionals must know and understand
the recognition, evaluation, and management of head-injured
patients. Decisions for emergency treatment and transportation
are made under the pressure of the potential for catastrophic
consequences.
In some athletic arenas, concussions occur at relatively high
rates. Cantu8 reported that 250,000 concussions occur every
year in football alone. Gerberich et al3 found that 20% of high
school football players sustain a concussion during a season.
Definition of Concussion
Although many authors define concussion, no specific def
inition is universally accepted.2 In 1941, Denny-Brown and
Russell9 described cerebral concussion as a reversible syn
drome without detectable pathology. In 1966, the Committee
on Head Injury Nomenclature of the Congress of Neurological
Surgeons 10 defined a concussion as "a clinical syndrome
characterized by immediate and transient posttraumatic impair
ment of neural functions, such as alteration of consciousness,
disturbance of vision, equilibrium, etc, due to brainstem
involvement." Bailes 1 depicted concussion as an alteration of
cerebral function without brain tissue pathology. Ommaya and
Gennarelli 11 defined concussion as "a graded set of clinical
syndromes following head injury wherein increasing severity
of disturbance in level and content of consciousness is caused
by mechanically induced strains affecting the brain in a
centripetal sequence of disruptive effect on function and
structure." Kelly et al5 suggested a more concise definition of
concussion as a traumatically induced alteration in mental
status.
Concussion Grading Scales
Numerous researchers and clinicians (Figure 2) have proposed a
variety of concussion grading scales. 11 "16 Presently, no one scale is
considered the universal standard. 17~18 As such, it is important for
each sports health care team to study concussion grading scales and
to select the system that best suits their situation.
Concussion Complications

Figure 1. Computerized tomography scan indicating acute hema
toma with a resulting shift to the right.

Gerberich et al3 reported that a football athlete who sustains
a minor head injury is 4 times more likely to incur a second
minor head injury. Some researchers5 ' 19 "21 have suggested that
repeated concussions may lead to what has been called
"second-impact syndrome." In such cases, the brain is predis
posed to vascular congestion from a dysfunction of the
autoregulatory system. 19 This leads to cerebrovascular conges
tion without edema or pathologic lesions. 5 Such injuries can
have fatal consequences.5
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____Mild

___Moderate

____Severe_____

Cantu2

No loss of consciousness;
posttraumatic amnesia

Colorado14

No loss of consciousness
or amnesia; confusion
No loss of consciousness;
confusion; possible
posttraumatic amnesia

Loss of consciousness < 5
min or posttraumatic
amnesia = 1-24 h
No loss of consciousness;
amnesia and confusion
Mild loss of consciousness;
posttraumatic and/ or
retrograde amnesia

Loss of consciousness > 5
min or posttraumatic
amnesia > 24 h
Loss of consciousness

Torg15
Schildberg16

No loss of consciousness
or amnesia; slight
confusion

Mild-Moderate

Mild
Jordan13

Ommaya
and
Gennarelli 11

No loss of
consciousness or
amnesia; confusion
I
No loss of
conscious
ness;
confusion

Loss of consciousness = 3-4
min; posttraumatic and/or
retrograde amnesia;
momentary confusion

No loss of
consciousness;
amnesia < 24 h;
confusion

II
No loss of
conscious
ness;
confusion
with
posttraumatic

III
No loss of
conscious
ness;
confusion
with
posttraumatic
& retrograde
amnesia

Severe loss of
consciousness;
posttraumatic and/or
retrograde amnesia
Loss of consciousness &
confusion > 5 min;
prolonged retrograde
amnesia

ModerateSevere

Severe

Loss of
consciousness < 3
min; posttraumatic
amnesia > 24 h

IV
Coma
(paralytic);
confusion;

Loss of
consciousness > 3
min

V
Coma:
persistent
vegetative
state

VI
Death

Figure 2. Concussion grading scales.

Return-to-Play Guidelines
Those responsible for the health care of athletes should
know and understand the evaluation and treatment of head
injuries, including return-to-play guidelines (Figure 3). Al
though no standards for return to play are universally accepted,
there are a number of suggestions. 12" 14
Before medical release, additional nontraditional neurologic
examinations are suggested by a few authors. Some20 urge the
use of computerized tomography after symptomatic concus
sions to determine the athlete's readiness for return to sports.
Others22 recommend sophisticated balance testing as an ad
junct to other information when these decisions are made.
Neuropsychological testing has also been suggested.23
Subdural Hematoma
Although concussions are frequent in athletes, the most
common cause of head-injury death in sport is the subdural
hematoma,7 which is a hemorrhage beneath the dura mater
of the meninges within the cranium. The hematoma presses on
the neurologic tissues and leads to ischemia, tissue deviation,
and possibly death if pressure on the brainstem is not
addressed.4
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Traditional thinking holds that acute subdural hematomas
result from single traumatic incidents to the head. Some
authors23 '24 imply that an individual may be more susceptible
to an acute subdural hematoma after repeated minor head
trauma. The present case may help to support these authors'
suggestions.
SUMMARY

A young football player suffered a life-threatening acute
subdural hematoma 5 weeks after incurring what was
diagnosed by a neurologist as a mild concussion. Although
this case ended with a positive outcome, some do not. 5 '20
Athletes who suffer a mild head injury should be protected
from further pathology because they may be at increased
risk for catastrophic pathology once a mild head injury has
occurred. 23 '24
The education of athletes, coaches, and sports health care
professionals is critical to the prevention of catastrophic head
injuries. Present evaluation methods for such injuries are
varied and may be confusing. Additional research is needed
concerning the development and validation of more practical
head-injury examinations for the athletic trainer.

Cantu:8'12
concussion 1
Cantu:8'12
concussion 2

Mild

Moderate

If asymptomatic* for 1 wk

If asymptomatic* for 1 wk

After sport season if
asymptomatic*

Not before 2 wk, but must
be asymptomatic* for 1 wk

After sport season if
asymptomatic*

Cantu:8-12
concussion 3

Not before 1 mo, but must
be asymptomatic* for 1
wk; consider ending
season
If asymptomatic* for at
least 20 min

Not before 1 mo, but must
be asymptomatic* for 1
wk; consider ending
season
After sport season if
asymptomatic*

If asymptomatic* for at
least 1 wk

Not before 1 mo; must be
asymptomatic* for at least
2wk
After sport season if
asymptomatic;* consider
disallowing contact sports

Colorado:14
concussion 1
Colorado:14
concussion 2
Colorado:14
concussion 3

Jordan13

Eliminated for the day if
second same-day
concussion
Following season: not
before 3 months if
asymptomatic*

Severe

Not before 1 mo for
contact sports if
asymptomatic;* consider
ending season
After sport season if
asymptomatic*

(Guidelines not indicated)

(Guidelines not indicated)

Mild

Mild-Moderate

ModerateSevere

Severe

If asymptomatic* for
at least 20 min

If asymptomatic* for
Iwk

Not before 1 mo if
asymptomatic* for 1
wk

Not before 1 mo if
asymptomatic* for 2
wk

* Both at rest and with exercise.
Figure 3. Concussion return-to-play guidelines.

Currently, there are broad variances among the many sug
gested concussion grading scales, as well as return-to-play
guidelines. Universally accepted protocols make sense and are
needed. At the very least, the sports health care team should
reach a consensus as to their preferred concussion grading
scale and return-to-play guidelines. Other nontraditional neu
rologic screening devices should be considered before allowing
an athlete to return to activity.

7.

8.
9.
10.
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Idiopathic Thrombocytopenic Purpura
Presenting in a High School Football Player:
A Case Report
James C. Leonard, MD; Mark Rieger, MS, ATC/L, CSCS
Carle Sports Medicine, Urbana IL 61801-1015
Objective: To alert athletic trainers to the signs and symp
toms of idiopathic thrombocytopenic purpura and its clinical
presentation in order to facilitate immediate intervention.
Background: Idiopathic thrombocytopenic purpura (ITP),
also known as immune thrombocytopenic purpura, is a hemorrhagic disorder that is primarily immunologic in origin but is
sometimes triggered by viral infection in children. It has also
been associated with heroin and quinine drug use. A reduced
platelet count can result in mucosal or deep tissue bleeding, or
both, and most importantly, intracranial bleeding. Because
football is a collision sport, it is imperative that any player
presenting with ITP-type symptoms be removed immediately
from all contact and referred to a physician.
Differential Diagnosis: Leukemia, aplastic anemia, drug
side effects, vitamin deficiency, kidney failure, infection, multi
ple contusions.
Treatment: The traditional first-line treatment consists of
corticosteroid medication and time and removal from all phys

M

ultiple contusions often occur in contact sports such
as football. Direct blows commonly result in soft
tissue hemorrhage and inflammation.' The contusion
generally presents as a bruise or hematoma. As athletic
trainers, we are accustomed to treating this type of injury daily.
Treatment rarely requires referral to the team physician, and
quick resolution is realized with regular icing, compression,
elevation, and protective padding.
Idiopathic thrombocytopenic purpura (ITP) is a common
bleeding disorder resulting from a shortage of platelets in the
blood.2" 4 This shortage of platelets is due to antibody or
immune complexes binding to the platelet surfaces, removing
them from circulation. 5 With this condition the body is unable
to stop bleeding, since the blood contains about one third or
fewer of the normal number of platelets. Purpura is a rash made
up of small, flat red marks (petechiae) caused by bleeding into
the deeper layers of the skin. 6 Signs and symptoms of ITP may
include easy or excessive bruising; measles-like rash, usually
on the lower legs; nosebleeds; blood in vomit or stools; heavy
menstrual flow; and bleeding during surgery. 2'6
ITP occurs more frequently in children and young adults, but
it can occur at any age. Seventy-two percent of ITP patients
over 10 years old are females, and 40% of all patients with ITP

ical activities until the blood platelet count is normal and
controlled. In quinine-induced ITP, discontinuation of the drug
and bedrest are recommended to reduce the risk of major
hemorrhage for a 12- to 14-hour period in order to allow the
quinine to clear the system and the platelet count to return to
normal.
Uniqueness: ITP's presentation needs to be differentiated
from other disorders. Incorrect diagnosis could seriously jeop
ardize the athlete, who could develop intracranial and internal
bleeding.
Conclusions: Recognition of the signs and symptoms asso
ciated with ITP is essential to prevent further participation by
the athlete. Immediate intervention is needed to determine the
severity and to institute appropriate treatment.
Key Words: viral infection, petechiae, platelet count, hem
orrhage

are under 10 years of age.7 In childhood, the condition does not
appear to be sex specific.7 Spontaneous, permanent remissions
occur in about 80% of children. 7 There appears to be no
predisposition to race or nationality, but a complete history,
including drug use, patterns of sexual activity, and transfusion
history, may be beneficial in the diagnostic evaluation. Viral
infection or viral immunization may also contribute to the
manifestation of ITP. 6'8

CASE REPORT

A 16-year-old, 104.33-kg (230-lb), 182.88-cm (6-ft) male
football player presented with multiple contusions after a
Friday night varsity football game. Most impressive was a
contusion in the chest area, near the xiphoid process, which
appeared to show the imprint of cleat marks. Bruising was also
observed on the forearms and biceps, as is typical with many
offensive linemen. The team physician and athletic trainer
were not overly concerned at this time due to the intensity of
the game and the competitiveness of this individual.
The next morning, the athlete participated in weight training,
which consisted of hang cleans, hyperextensions, back squats,
push presses, and abdominal crunches. A 1 .5-km run followed
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the weight-training session. For the remainder of the weekend,
the athlete rested and relaxed. On Monday, he performed
normal school activities and attended football practice, which
involved minimal contact, a review of game films, and scout
ing reports.
During the athletic trainer's weekly Tuesday visit, the player
was escorted to the athletic training room by the head coach.
During the school day, he had been slapped on the back by a
teammate, which resulted in ecchymosis and hemorrhage into
the skin and surrounding soft tissue where the contact oc
curred.
The athlete presented with new purpura in the distal fore
arms, as well as new areas of ecchymosis that were not present
during the initial postgame evaluation on Friday. The team
physician was not available for consultation at this time, and
the decision was made to consult with him later that evening.
The player returned to practice and participated in all drills and
scrimmage activities.
The team physician was able to reevaluate the player that
evening. A history of the last 3 weeks revealed an upper
respiratory infection with some residual fatigue. The athlete
indicated that he felt no other ill effects at this time. The
neurologic exam was normal, ruling out any signs of intracranial bleeding. The physician also observed the new purpura
and an increased amount of ecchymosis. The parents were
contacted immediately and informed of the suspected diagnosis
and the need for blood work the following morning. They were
also instructed to give no aspirin or ibuprofen and to wake their
son every 2 hours to assess his neurologic status. No compli
cations occurred during the night, and he presented for blood
work the next morning.

Results of 60 mg per Day Prednisone Treatment*

Results of Testing and Treatment
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The athlete's white blood cell (WBC) count was 6.3 X 109/L
with a normal differential, and hemoglobin was 14.6 g/dL,
within the normal ranges for both WBCs and hemoglobin. His
platelet count was 7000/mm3 , with normal count averaging
150,000 to 400,000/mm3 . Bone marrow aspiration was per
formed and revealed increased numbers of megakaryocytes,
consistent with ITP.9 The athlete was withheld from school and
started on 60 mg per day of prednisone, consistent with
traditional first-line treatment (Table). 5'7 He was allowed to
return to school on day 6 and was withheld from all sports and
activity until day 30. He did not return to play because the
football season ended before his release. The athlete was
monitored with monthly blood work due to the possibility of
recurrence. He was able to participate in all offseason condi
tioning programs and returned to play the next season without
any signs of recurrence.
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Days of Treatment
Day
Day
Day
Day
Day
Day

3
6
10
17
30
38

Platelet Count (/mm3
26,000
52,000
68,000

144,000
144,000
170,000

* A sliding-scale dose was used, with prednisone being discontinued
by Day 30.

DISCUSSION

Although ITP is, by definition, a common bleeding disor
der,6 the football coach and athletic trainer involved with this
team are unlikely to see another athlete with ITP. We feel
fortunate, considering the severity of his condition (blood
platelet count less than 7000/mm3 ), that we did not face an
emergency situation on the field. A blow to the head or a vital
organ could have resulted in catastrophic consequences. Our
purpose in this article is to call attention to the signs and
symptoms that can necessitate immediate removal from phys
ical activity and prompt physician referral. Bruising that
exceeds the "normal" amount or comes in the form of
petechiae should make the athletic trainer suspicious of ITP.
Upper respiratory infections; viral illness; nutritional deficits of
iron, vitamin B 12, or folic acid; drug usage, such as quinine for
muscle cramping and cocaine as a recreational drug, are known
to produce thrombocytopenia.5' 10 Because athletic populations
can be affected by any of these factors, athletic trainers should
pay special attention to what could be the precursors of a very
serious problem if not given prompt clinical attention.
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Developing Scholarship in Athletic Training
Kenneth L. Knight, PhD, ATC*; Christopher D. Ingersoll, PhD, ATCf
* Department of Physical Education, Brigham Young University, Provo, UT 84602-2116; f Athletic Training
Department, Indiana State University, Terre Haute, IN
Objective: To outline the essential elements of scholarship,
identify its role in the development of the athletic training
profession, and encourage athletic trainers to increase schol
arly activities.
Background: In the process of writing 2 manuscripts for the
Journal of Athletic Training about how to write journal manu
scripts, we felt something needed to be said concerning why
one should write such manuscripts and how individual manu
scripts should tie together to advance knowledge. This led us to
search the scientific literature for information concerning schol
arship and its attainment. Finding no comprehensive discus
sion on the topic, we then began to investigate components of
scholarship and activities that lead to its attainment.
Description: Scholarship, knowledge, truth, and theory are
defined. The attributes or characteristics of a scholar delineated

W

hat is scholarship? The most basic definition is "the
process of advancing knowledge." 1 This is done by
discovering new knowledge and original insights
that add to the world's body of knowledge and understanding;
applying existing knowledge to the solution of practical prob
lems; integrating existing knowledge in one discipline with that
of another discipline; and developing new and better means for
describing, understanding, and presenting existing knowledge.
Scholarship is important to any profession; in fact, it
delineates a profession from a trade.2 Improving our scholar
ship has been a concern of athletic training for some time. 3" 6
Much of our knowledge base is borrowed from other profes
sions, which is natural for a young profession. As the profes
sion grows, however, so does its responsibility to develop its
own body of knowledge. The athletic training profession is at
a crossroads. We are beginning to take greater responsibility
for defining and developing our own body of knowledge.
Doing so is critical because, if we fail to build our knowledge
base, we risk losing our standing as professionals and will
forever be condemned to be technicians whose decisions are
made for them. Athletic trainers must take a greater role,
indeed become leaders, in building the body of knowledge
relative to the health care of the physically active. 6
Knowledge building is a natural component of athletic
training. One of its basic tenets, problem solving, has always
been an integral part of an athletic trainer's responsibilities. For
example, injury evaluation is like solving a puzzle; making a
pad involves trial and error until one finally derives the correct
shape; and selecting exercises that will optimize rehabilitation

and discussed include seeking to establish truth and develop
new knowledge, developing and refining theory, being focused
in one's work, being honest about one's work, communicating
ideas and stirring thinking, being open minded, and recognizing
the difference between scholarship and pseudoscholarship. It
is important to promote scholarship among undergraduate and
graduate students; numerous suggestions are outlined.
Application: Scholarship is essential to our survival as a
profession. The guidelines presented here will help individuals
examine and improve their scholarship.
Keywords: knowledge, theory, truth, publication, education,
manuscript preparation

requires careful analysis. Throughout the years, athletic train
ers have shared the insights of their problem solving through
informal discussions, conference sessions, presentations, jour
nal articles, and other educational endeavors. How we take
these individual decisions and add them to our collective
knowledge base is a key feature of our knowledge growth.
As important as scholarship is, however, it has heretofore
not been discussed in the athletic training literature. In fact,
even our search of the literature outside of athletic training
failed to reveal a comprehensive discussion of scholarship and
its attainment. Many authors have discussed the importance of
scholarship and activities that lead to scholarship, but no one
source has pulled it all together. Our purpose with this paper is
to organize these thoughts and ideas into a single source. We
see this article as a companion for the 2 articles we published
previously in the Journal of Athletic Training (JAT) concerning
scientific writing.7'8
WHY IS SCHOLARSHIP IMPORTANT?

Scholarship is important to society because, without it, there
would be no advancements in knowledge, technology, standard
of living, etc. It is important to the profession of athletic
training for numerous reasons:
• Our standing as professionals will be enhanced. Profession
als understand the hows and whys and are permitted and
expected to make decisions; technicians follow prescribed
protocols and directions.2'3
• The standard of care we can provide to the physically active
will improve.
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• Our reputation, which is determined by what others see (or
fail to see) in writing, will be enhanced. Right or wrong,
most health care professionals will know us only by what
they read.
• Change and progress will come because we focus on our
problems, rather than waiting for others to give us answers.
• We will gain prestige as others look to us for knowledge.
• Our claim as authorities on health care for the physically
active will be enhanced.
Promoting scholarship is also important to our professional
organization, the National Athletic Trainers' Association
(NATA), for at least 2 reasons. It helps to establish the NATA
as the voice for the profession because its pronouncements are
backed by scholarship. If the NATA does not back its claims
with scholarship, other organizations will be able to take its
place more easily. Second, it gives ammunition for promoting
the profession by sharing new knowledge with other allied
health care professionals.
THE ELEMENTS OF SCHOLARSHIP

Scholarship should be developed and carried out according
to clearly articulated purposes and procedures consistent with
disciplinary norms. It must contain some element of originality
in the form of new knowledge, new understanding, fresh
insight, or unique interpretation. Also, scholarly work must
undergo the refining trial of critical review and acceptance by
the scholar's discerning peers for the purpose of verifying the
nature and quality of its contribution. 1
One of the traditional and most accepted ways of satisfying
these criteria is through publication in a recognized, peerreviewed, scholarly press or journal. 1 However, acceptance for
publication by a press or journal is not necessarily in itself
evidence of a book or article's quality.
But scholarship is more than research and writing, as will
become evident further on. First, however, we need to under
stand knowledge, truth, and theory.
What Is Knowledge?

Knowledge consists of facts and theories that enable one to
understand phenomena and to solve problems. 9 The pragmatic
test of knowledge and one's command of it is, "Can I use this
information to comprehend, explain, control, predict, or cope
with a given situation?" Knowledge can range from the
simplest perception of an object to the most profound under
standing of a complex theory.
Knowledge can be obtained from direct personal experience
or from the many secondhand sources of information that
inundate us constantly with rival claims of usefulness.9 Knowl
edge claims may range from highly reliable to completely
unreliable. The secondhand authority upon whom we rely for
information may interpret the information incorrectly. Essen
tially, the reliability of knowledge depends on how close it is
to the truth.
272
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What Is Truth?

Truth is "the state of being the case, fact; or the body of real
things, events, and facts; actuality." 10 Truth should not be
confused with opinion or belief, which portray a person's
attitude, because attitudes may or may not coincide with
facts." Truth is not relative. Beliefs, opinions, and theories
may be relative, however.
What Is Theory?

,

Theory is a generalization or series of generalizations by
which we attempt to explain some phenomena in a systematic
manner. 12 It is a deductively correct set of truths and beliefs.
The criterion by which we judge a theory is not its truth or
falsity, but rather its usefulness in stimulating thought and
research. Theories sometimes decrease in usefulness in the
light of new knowledge, and they are combined, replaced, and
refined as more knowledge is made available. They are
dynamic structures.
Why Is Theory Important?

Theory provides a framework for conducting research in the
following ways:
• serves as the point of departure
• helps identify crucial factors
• aids in defining the research problem; that is, it helps to
identify the proper questions to be asked in the context of the
specific project
• provides a guide for systematizing and interrelating the
various facets of the research
• identifies gaps, weak points, and inconsistencies that indi
cate the need for additional research
Theory can be used for synthesizing and explaining (through
generalizations) research results in the following ways:
• allows one to combine ideas and individual bits of empiric
information into a set of constructs that provides for deeper
understanding, broader meaning, and wider applicability
• attaches meaning to facts and places them in proper perspec
tive, thus providing needed information for revising or
extending the theory if necessary
• provides generalizations that can be tested and then used in
practical applications and further research
Data derive significance from the theory or theories into
which they fit. Conversely, theories become acceptable to the
extent that they enhance the meaning of the data through this
process. More adequate theories and unobstructed facts are
secured; theory stimulates research, and, conversely, research
stimulates theory development and theory testing. 12
Confused theory, based on partial truth rather than truth, will
lead to techniques that are partially effective or ineffective.
Thus, the health care provided is less than optimal.

ATTRIBUTES OR CHARACTERISTICS OF A
M ,
SCHOLAR

Belief in, and adherence to, the concepts of knowledge,
truth, and theory are the fundamental building blocks of a
scholar. In general, a scholar is rigorous and thorough, devoted
to discovering and learning, and determined to profess or share
that which is learned. 1
Specific attributes or characteristics of a scholar are in the
Table. We do not feel that one has to possess all of these
characteristics to be considered a scholar. Scholarship, like fine
wine and cheese, develops over time; it is not something that is
bestowed upon a person. Rather, one becomes a scholar. In the
process of becoming a scholar, a person grows (moves along a
continuum) from a beginning "scholar wannabe" to a mature,
seasoned sage. We must continually develop within ourselves
scholarly attributes, so that we can be increasingly successful
in our individual search for truth. People progress along the
continuum at different rates and progress to different endpoints. But no one progresses to the point that he or she cannot
continue to develop scholarly abilities.

PROMOTING SCHOLARSHIP IN ATHLETIC
TRAINING

How does one become a scholar? By believing, acting,
becoming. One must learn what a scholar is and the attributes
of a scholar and act like a scholar by practicing the attributes,
letting the attributes become part of oneself.
All of us can improve our scholarly abilities by practicing
more of the scholarly attributes and by practicing them at a
deeper level.
Scholarship Promotion by the NATA
The NATA is promoting scholarship within the profession in
many ways. It provides a forum for scholars to discuss and
debate their work (eg, at national conventions); publishes a
scholarly journal (JAT} in which scholars can publish their
work and others can observe the scholarship; provides funding
to support scholarship; and increases the opportunities for free
communication sessions at meetings. The NATA made a major
contribution to scholarship when it approved the NATA News,
which allowed the JAT to remove Association business and
concentrate its efforts on scholarly matters.
Implementing Scholarship in Athletic Training
Curricula
Scholarship should be an important part of every athletic
trainer's education, more so in graduate education than in
undergraduate education. The concepts should be introduced
during undergraduate studies and fully integrated into graduate
studies. Educators can promote scholarship in many ways. Not

Scholarly Attributes or Characteristics

Seeks to establish truth and develop new knowledge
• Through original research
• By synthesizing and integrating established knowledge in a new
or unique way
• By reexamining commonly held ideas, concepts, and theories
to determine whether they are based on truth
Develops and refines theory
• Bases one's research on theory and emphasizes what a set of
data means in addition to how it looks, feels, appears, etc
• Explains how one's research results relate to other known data
and theories rather than leaving the results for others to
interpret
Is focused in one's work
• Has a specific area of investigation that narrows with time; a
scholar's research interests do not randomly change from topic
to topic
• Is meticulous in detail
Is honest about one's work
• Clearly admits assumptions upon which one's work is based,
speculation about the meaning of the results, and the
limitations of one's work and its applications
• Understands that discovering truth is more important than
convincing others that one's interpretations are correct
• Is motivated by refining and expanding an area rather than
protecting one's personal interpretation of the idea
• Is more interested in the whole truth than in others' perceptions
of one's scholarly abilities
• Accepts all truth as it becomes known, even if it contradicts
one's previously held theories or ideas
Communicates ideas and stirs thinking
• Is more interested in the quality of one's publications than the
number of them
• Does not rush papers into publication; rather, labors over them
to improve their quality and readability
• Knows that sounding "scholarly" is not as important as
effectively communicating ideas; understands that using simple
words often enhances reader and listener comprehension
• Points out assumptions, limitations, and speculation in papers ]
so that readers can clearly put the work into perspective
• Is not afraid to stick one's neck out if data appear to conflict
with accepted theory and ideas
• Is not afraid to speculate, but does not confuse speculation
with truth
• Encourages others to join in searching for truth
Is open minded
• Follows the philosophy of Francis Bacon9 : "Read not to
contradict and refute, nor to accept and take for granted, but to
weigh and consider."
• Is willing to listen to alternatives with an open mind; is open
enough that one can defend either the pro or con of an
argument and is willing to change positions as new truths are
uncovered
• Does not ignore data that do not fit expectations, but rather
seeks to integrate all truth
• Recognizes the difference between true scholarship and
pseudoscholarship
• Knows that presenting information is not necessarily
scholarship. For instance, most reliability studies, testing the
accuracy of instruments, product research, and technique
articles are important pursuits, but are technical support of
scholarship, not scholarship itself. Scholars deepen and
broaden theory.
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all the following activities apply to every student, but every
student could benefit from any of them:
• Assign students to read this article and its 2 companions.7'8
• Involve students as research assistants to faculty and grad
uate students.
• Help students understand the scientific method of problem
solving. This will not only introduce them to scholarship, but
also help to sharpen many of their athletic training skills.
• Teach students how to read and interpret journal articles and
then require them to do both.
• Encourage students to attend the free communication ses
sions at conferences.
• Introduce the JAT style of manuscript construction and
require students to write class papers following Journal
style.
• Encourage students to write for the Journal of Athletic
Training Student Writing Contest.
• Include critical thinking skills in all classes.
• Have students take a course in research methods.
• Conduct original research as a project or a thesis.
A FINAL WORD

Scholarship must become more a part of the professional
lives of athletic training professionals, both clinicians and
educators. Both beginning and mature scholars should strive to
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develop their scholarly skills; there is no endpoint. As we do
so, we grow, the profession grows, and health care improves.
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RESEARCH &
EDUCATION
FOUNDATION

1998 REQUEST
FOR PROPOSALS
The NATA Research & Education Foundation is pleased to announce that
$130,000 is available in 1998 for Research and Education Grants. Priority
consideration will be given to proposals which include a certified athletic
trainer as an integral member of the research or project team.

Research Grants
No. of Awards:
Available:
Deadlines:
Notification:

Multiple awards are available
$1 10,000 total, no minimum or
maximum dollar amounts for
individual grants
March 1 and September 1
July and February

I. General Grants
The Foundation will fund a number of studies which address
important issues in four categories: basic science, clinical stud
ies, sports injury epidemiology and observational studies.

II. Pediatric Sports Health Care
The Foundation encourages research studies that will have
clinical relevance to the development of the pediatric athlete,
and the prevention, treatment and rehabilitation of injuries
sustained by the physically active pediatric participant. A
great need exists for epidemiologic studies to determine pedi
atric injury patterns and specific populations at risk.

Background
Very little experimental evidence concerns the impact of
physical activity upon the general development of the child. The
recent, tremendous growth of children's participation in orga
nized sport has outpaced efforts to clearly understand the conse
quences of intense physical activity on the developing young
adult. The incidence of organized sports participation by preadolescents and adolescents has increased dramatically in the past
two decades. Children represent the largest group of individuals
engaging in organized sport in this country. However, little is
known about the incidence and severity of injuries associated
with child or adolescent participation in these activities.

Furthermore, the number of children and adolescents par
ticipating in sport increases regularly from year to year.
Despite this increase, the President's Council on Physical
Fitness has determined that the fitness levels of young adults
in this country are on the decline and urges regular participa
tion in sport and exercise by a much higher percentage of the
childhood population.
It is assumed that exercise and sports participation have
positive effects on children, and there is increasing evidence
that regular exercise is important to their physical and psy
chological well-being. The United States Department of
Health and Human Services in its compendium on National
Health Promotion and Disease Prevention Objectives recom
mends significant increases in daily physical activity for chil
dren to combat problematic sedentary lifestyles and obesity
among young adults. Many experts believe that lifestyles
leading to adult heart disease often begin in childhood and
that habitual physical activity during development may play
an important role in slowing the progression of cardiovascu
lar disease, particularly in high-risk children. Moreover, the
increasing awareness and interest in exercise as a treatment
medium by the medical community has undoubtedly influ
enced parents' perceptions of the importance of regular phys
ical activity in the lives of their children.
Yet, participation in sport does pose risks. Exercise is a
human stressor which results in bodily adaptations that can
have beneficial or adverse effects on health. Childhood and
adolescence as developmental periods, introduce variables
that are not found in the adult athlete. Asynchronous rates of
development among similarly-aged children present difficult
challenges to those who teach and supervise the physical
activity of young athletes. Attempts to develop training pro
grams for the young athlete pose a dilemma that the exercise

science and medical professions have yet to resolve satisfac
torily. A developing child differs significantly in anatomical
and physiological parameters from the mature adult. These
differences must be taken into account when prescribing exer
cise programs for young athletes. Children in the 8-15 year
age group are in a complicated and critical growing period.
Muscular development also varies considerably and the actu
al strength of muscle relates to the stresses that can be placed
on the skeletal framework without injury. If children and ado
lescents arc involved in organized sports, it is obvious that a
considerable amount of skeletal growth is occurring simulta
neously with periods of intense physical activity.
The repetitive microtrauma and overuse syndromes associ
ated with sports, and their development in children's growth
plates have been widely debated. Traumatic sports injuries to
the growth plate do occur and the potential for a growth dis
turbance is always a concern of parents and physicians. While
the growth plate seems relatively immune to damage from
overuse, it remains to be seen if this sensitive area of chil
dren's anatomy remains protected from the increasingly rig
orous training to which young athletes are subjected.

Education Research and Program Grants
No. of Awards:
Available:
Deadlines:
Notification:

Multiple awards are available
$15,000 total, no minimum or
maximum dollar amounts for
individual grants
March 1 and September 1
July and February

I. Clinical Instruction and Learning Styles
Research indicates that knowledge of student learning styles
directly impacts the quality of clinical instruction in other allied
health professions. However, no studies have been undertaken
to determine the relevance of student learning styles in athletic
training clinical education. The Foundation will fund proposals
addressing this area including (a) what factors affect learning
styles in the clinical setting, (b) assessment of learning styles for
student athletic trainers and clinical instructors, (c) incorporation
of learning styles in traditional versus non-traditional clinical set
tings, and (d) the effectiveness of matching the learning styles of
student athletic trainers and clinical instructors. The goal of this
research is to better meet the needs of students by enhancing the
quality of clinical instruction in athletic training.

Objectives
The Research and Education Foundation, therefore, encour
ages high quality research proposals that will help establish a
firm scientific foundation for basic and applied programs in
pediatric sports health care. Areas of interest may include but
arc not limited to: epidemiology of athletic injuries in children
and adolescents; the role of pre-participation physical exami
nation in the identification of injury risk factors among chil
dren and adolescents; the efficacy of specific safety equipment
in preventing or reducing the incidence and severity of injury;
injury mechanisms and exercise pathophysiology in children;
prevention, treatment and rehabilitation of pediatric athletic
injuries; conditioning of the child athlete; and musculoskeletal
healing processes in children. Given the present funding avail
able, it is expected that grant proposals emphasizing local and
regional epidemiological approaches will initially be submitted
with the intent to develop data bases and model approaches to
injury surveillance which can lead to future large scale epidemiologic or intervention studies on a national level.

HI. Doctoral Research Grants
No. of Awards:
Available:
Application Deadline:
Notification:
Sponsor:

Two
$2,500 for each grant
March 1

Include studies investigating teaching methods and evalu
ation and learning tools used in the area of athletic training
education. Areas of particular interest to the Foundation are
computer and competency-based learning and methods used
to evaluate clinical learning skills.

III. Education Projects / Program Grants
Include seed money for seminars, lectures, or any other
education program focusing on the health care of the physi
cally active or athletic training education. Project and pro
gram grants may include, but are not limited to:
• educational conferences/workshops and other programs
• technology-based projects
• development of clinical assessment tools

Larger-Scale Projects
Those seeking funding for projects which exceed the dollar
figures indicated in the RFP, may do so by submitting a letter
of inquiry - no longer than 3 pages - outlining a statement of
the problem, a description of methods, expected outcomes and
estimated budget. If interested, the Foundation will request a
full application. There are no deadlines for letters of inquiry.

April 15

Active Ankle Systems

Applicants must be current certified member of the NATA.
You must be a doctoral student at the institution where the
research is to be performed and have doctoral student status
during the term of the grant to be considered for funding.
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Application Procedure
To receive a copy of the Education Grant Application, the
Research Grant Application or the Doctoral Research Grant
Application, please write to NATA Research & Education
Foundation, 2952 Stemmons, Dallas, TX 75247, e-mail the
request to BarbaraN@nata.org or call 800-TRY-NATAext. 121. •

NATA Research & Education Foundation
CALL FOR ABSTRACTS
1999 National Athletic Trainers' Association — Annual Meeting & Clinical Symposia
Kansas City, Missouri • June 16-19,1999
DEADLINE FOR ABSTRACT SUBMISSION: JANUARY 5,1999
Instructions for Submission of Abstracts
and Process for Review of All Submissions
Please read all instructions before preparing the abstract.
Individuals may submit only one abstract or clinical case re
port as primary (presenting) author, but may submit unlim
ited abstracts or clinical case reports as a coauthor. All ab
stracts will undergo blind review.

FREE COMMUNICATIONS ABSTRACTS
Specific Content Requirements
Abstracts in this category must include the purpose of the
study or hypothesis, a description of the subjects, the experi
mental methods and materials, the type(s) of data analysis,
the results of the study, and the conclusion(s). Authors are
asked to indicate a preference for oral or poster presentation
of their abstracts. Authors of free communications are required
to categorize their abstracts in one of the five specific areas
of research funded by the NATA Research and Education
Foundation:
• Basic Science — includes controlled laboratory studies in
the subdisciplines of exercise physiology, biomechanics, and
motor behavior, among others, which relate to athletic train
ing and sports medicine.
• Clinical Studies — includes assessment of the validity,
reliability, and efficacy of clinical procedures, rehabilitation
protocols, injury prevention programs, surgical techniques,
and so on.
• Educational Research — a broad category ranging from
basic surveys to detailed athletic training/sports medicine
curricular development. An abstract in this category will gen
erally include assessment of student learning, teaching effec
tiveness (didactic or clinical), educational materials and cur
ricular development.
• Sports Injury Epidemiology — includes studies of in
jury patterns among athletes. These studies will generally
encompass large-scale data collection and analysis. Surveys
and questionnaires may be classified in this category but are
more likely to come under the Observation/Informational
Studies category.
• Observation/Informational Studies — includes stud
ies involving surveys, questionnaires, and descriptive pro
grams, among others, which relate to athletic training and
sports medicine.

Instructions for Preparing the Abstract
1. Provide all information requested on the Abstract Author
Information Form. Abstracts should be typed or word pro
cessed using a letter-quality printer with no smaller than
elite (12 cpi) or 10-point typeface. Do not use a dot matrix
printer.

2. Top, bottom, right, and left margins should be set at 1 .5"
using a standard 8.5" x 11" sheet of paper. Type the title
of the paper or project starting at the left margin.
3. On the next line, indent 3 spaces and type the names of all
authors, with the author who will make the presentation
listed first. Type the last name, then initials (without peri
ods), followed by a comma; continue with the other au
thors (if any), ending with a colon.
4. Indicate the institution (including the city and state) where
the research or case report was conducted on the same
line following the name(s) of the author(s).
5 . Double space and begin typing the text of the abstract flush
left in a single paragraph with no indentions. Do not jus
tify the right margin. Do not include tables.
6. The abstract must not exceed 400 words.

CLINICAL

REPORTS

Specific Content Requirements
This category of abstracts involves the presentation of
unique individual athletic injury cases of general interest to
our membership. This year, no form is provided so that au
thors may use their own word-processing software to format
and submit the following information using a two-page for
mat. Abstracts in this category must include the following
information. A maximum of one paragraph should be pre
sented for each of the following required content area head
ings:
1) Personal data
2) Physical signs and symptoms
3) Differential diagnosis
4) Results of diagnostic imaging/laboratory tests
5) Clinical course
6) Deviation from the expected

Instructions for Preparing the Abstract
1. An individual may submit only one clinical case report
abstract as primary (presenting) author; however, there is
no limit to the number of abstracts (free communications
or case reports) listing an individual as coauthor.
2. Clinical case report abstracts are to be word processed or
typed using a letter-quality printer with no smaller than
elite (12 cpi) or 1 0-point typeface. Do not use a dot matrix
printer.
3. Top, bottom, right, and left margins should be set at 1 .5"
using a standard 8.5" x 11" sheet of paper. Type the title
of the paper or project starting at the left margin.
4. Provide all information requested on the information form
on the next page. Please note that the institution (includ
ing the city and state) where the clinical case occurred
should be cited, not the current address of the author(s), if
different.
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5. The title of the clinical case report should not contain
information that may reveal the identity of the individual
nor the specific nature of the medical problem to the
reader. An example of a proper title for a clinical case
report is "Chronic Shoulder Pain in a Collegiate
Wrestler."
6. Complete the six different categories of information as
required for a clinical case report abstract. These cat
egories are:
a. Personal Data/Pertinent Medical history (age, sex,
sport/occupation of individual, primary complaint,
and pertinent aspects of their medical history)
b. Physical Signs and Symptoms (a brief summary of
the physical findings)
c. Differential Diagnosis (array of possible injuries/con
ditions)
d. Results of Diagnostic Imaging/Laboratory Tests
e. Clinical Course (eg, diagnosis, treatment, surgical
technique, rehabilitation program, final outcome)
f. Deviation From the Expected (a brief description of
what makes this case unique)

Instructions for Submitting Abstracts
(either Free Communications or Clinical Case Reports)
Complete the form and mail it, the original abstract, two photo
copies of the original abstract, six (6) blind copies (showing no
information about the authors or institution) of the abstract and a
labeled 3.5" DISKETTE copy (preferably in Microsoft Word for
Windows; if you must send it in Macintosh format, please use a
high-density diskette) of your abstract to:

NATA Research & Education Foundation
Free Communications
2952 Stemmons Freeway
___________Dallas, TX 75247 ____
ABSTRACTS POSTMARKED AFTER
JANUARY 5, 1999 WILL NOT BE ACCEPTED.

Abstract Author Information Form
Mailing Address of Presenting Author:
(Please type; provide full name rather than initials)
D I was a student at the time of this study.
Name

NATA Research & Education Foundation
Call for Reviewers
The NATA Research & Education Foundation sponsors
the Free Communication Sessions at the NATA Annual
Meeting & Clinical Symposia. These events offer NATA
members the opportunity to present and learn about the lat
est developments in athletic training.
The Foundation is currently recruiting individuals inter
ested in reviewing the abstracts submitted for inclusion in
these oral and poster research presentations. The abstracts
fall under the following categories: basic science, clinical
studies, educational research, observational studies, sports
injury epidemiology, and clinical case reports (unique injury
cases).
Abstracts are due January 5 of each year. During the month
of February, reviewers are asked to submit written evalua
tions of blind abstracts within their interest or expertise area.
Those interested in volunteering to become an abstract re
viewer should send a curriculum vitae or resume, your pre
ferred review category, and a short description of why you
would make a good abstract evaluator to:

Institution
Address

City
Zip

State
Work Telephone
Fax#
NATA Membership Number
e-mail

Key Words: (two to six words that identify your abstract)

Indicate the most appropriate TYPE for the
presentation: (check one only)
D Clinical Case Report

Christopher D. Ingersoll, PhD, ATC
Athletic Training Department
Indiana State University
Terre Haute, IN 47809
Responses preferred by December 1,1998

D Free Communication

If FREE COMMUNICATION, indicate the most
appropriate CATEGORY for your presentation:
(check one only)
D Clinical Studies
D Basic Science
D Sports Injury
D Educational Research
D Observation/Informational
Epidemiology
Studies
Indicate your presentation preference:

(check one only; choice does not influence acceptance)
D Poster
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D Oral

D Indifferent

Clint Thompson, MS, ATC
MacWilliams BA, Choi T, Perezous
MK, Chao EYS, McFarland EG.
Characteristic ground-reaction forces
in baseball pitching. Am J Sports Med.
1998;26:66-71.
Overhand throwing requires contribu
tions from and interaction between all
limb segments. Most previous investiga
tions have concentrated on the throwing
arm itself, yet poor mechanics at the arm
may originate in the lower extremities.
Multicomponent ground-reaction forces
of both the push-off and landing limbs
were measured in 6 collegiate and 1 high
school level baseball pitchers. Full body
kinematics were simultaneously re
corded to correlate phases in the pitching
cycle with the force data. Pitchers were
found to generate shear forces of 0.35
body weight in the direction of the pitch
with the push-off leg and to resist forces
of 0.72 body weight with the landing leg.
Wrist velocity was found to correlate
highly with increased leg drive. This
study validates the clinical impression
that the lower extremity is an important
contributor to the throwing motion.
Based on this study, strengthening of the
lower extremities could be inferred to be
important both to enhance performance
and to avoid injury.
Reprinted with the permission of the
American Journal of Sports Medicine.

Konradsen L, Olesen S, Hansen HM.
Ankle sensorimotor control and eversion strength after acute ankle inver
sion injuries. Am J Sports Med. 1998;
26:72-77.
We performed this study to monitor
changes in ankle eversion strength and
sensorimotor control functions after
acute ankle inversion injury. Forty-four
patients with clinical grade II to III
first-time ankle inversion sprains were
tested for 1) pathologic talar tilt and
anterior talar translation at 1 and 12
weeks after injury; 2) isometric eccentric
ankle eversion strength, 3) peroneal re

action time to sudden ankle inversion at
3, 6, and 12 weeks after injury; and 4)
accuracy of inversion position assess
ment 1, 3, 6, and 12 weeks after injury.
Not all patients could perform all tests at
the early follow-up visits. There was
mechanical instability in 19 of 40 tested
patients at 1 week and in 4 patients at 12
weeks after injury. Eversion strength was
88% of the contralateral side 3 weeks
after injury, rising to 96% after 12
weeks. The magnitude of error of inver
sion position sense was 190% of the
contralateral side 1 week after injury;
this was still affected after 12 weeks, but
fell to 133%. Patients with pathologic
talar tilt or anterior talar translation, or
both, at 1 week after injury did not show
significantly greater error in position as
sessment or reduction in eversion
strength when compared with patients
with ankles that remained stable after
injury.
Reprinted with the permission of the
American Journal of Sports Medicine.

McMaster WC, Roberts A, Stoddard
T. A correlation between shoulder lax
ity and interfering pain in competitive
swimmers. Am J Sports Med. 1998;26:
83-86.
Shoulder pain in the swimming athlete
that interferes with effective training is
serious and may result in decreased per
formance. Based on the hypothesis that
shoulder laxity is an important factor in
shoulder pain, this study of 40 senior
national and elite swimmers was under
taken. A questionnaire identified those
athletes currently suffering from such
pain. Shoulder laxity was assessed using
standard clinical tests, from which a
laxity score was derived. A statistically
significant correlation was identified be
tween the shoulder laxity score and the
presence of interfering shoulder pain,
confirming the hypothesis of the study.
These results have direct implications for
training the symptomatic athlete.

Reprinted with the permission of the
American Journal of Sports Medicine.

Eakin CL, Cannon WD Jr. Arthrometric evaluation of posterior cruciate
ligament injuries. Am J Sports Med.
1998;26:96-102.
We reviewed the clinical examina
tions and knee arthrometry evaluations
of 40 patients: 10 with posterior cruciate
ligament injuries, 10 with combination
anterior and posterior cruciate ligament
injuries, 10 with anterior cruciate liga
ment injuries alone, and 10 with no
history of knee injury. Using a 3-mm
side-to-side difference as the minimal
limit for detection of posterior cruciate
ligament injury, the sensitivity of the
arthrometer at 40 pounds of posterior
force was 90%, the specificity was
100%, the predictive value of a positive
test was 100%, and the predictive value
of a negative test was 91%. When total
anterior-posterior translation was as
sessed, the sensitivity was 100%, the
specificity was 85%, the predictive value
of a positive test was 87%, and the
predictive value of a negative test was
100%. The overall accuracy of arthrom
etry for detection of posterior cruciate
ligament injury was 96% for 40 pounds
of posterior force and 94% for total
anterior-posterior translation at 40
pounds. Grade 1 posterior cruciate liga
ment injuries had significantly greater
arthrometric posterior translation com
pared with grade 0 (normal) knees. Re
gression analysis showed arthrometric
laxity measurements correlated well with
the clinical grade of the posterior drawer
test. Finally, the accuracy of the arthrom
eter was not affected by concomitant
anterior cruciate ligament injury.
Reprinted with the permission of the
American Journal of Sports Medicine.

Brownstein B. Migration and design
characteristics of functional knee
braces. / Sport Rehabil. 1998;7:33-43.
Journal of Athletic Training
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Functional braces are often used as
part of a comprehensive rehabilitation
protocol following ligamentous injury of
the knee. One of the common problems
of a functional knee brace is distal mi
gration. This study was undertaken to
identify the migration tendencies of 14
commonly used functional knee braces
and the design and measurement charac
teristics that contribute to migration.
Two subjects performed 15 min of exer
cise (5 min each on a treadmill, slide
board, and stair machine), and brace
position was measured pre-exercise and
postexercise. All 14 braces migrated
somewhat. Nine of the braces had migra
tion of less than 5 mm and were consid
ered superior. The brace design (active
or passive) had a significant effect (P <
.05) on migration. No difference (P >
.05) was noted for brace type (custom vs
off-the-shelf) or fit method (cast vs mea
suring tool). Based upon this evaluation,
an active brace design is recommended
for functional knee braces.
Reprinted with the permission of the
Journal of Sport Rehabilitation.

Borsa PA, Lephart SM, Irrgang
JJ. Sport-specificity of knee scoring
systems to assess disability in anterior
cruciate ligament-deficient athletes.
J Sport Rehabil. 1998;7:44-60.
We compared the outcome measures
of 3 knee scoring systems currently used
to measure disability in anterior cruciate
ligament (ACL)-deficient athletes.
Twenty-nine ACL-deficient athletes com
pleted 3 scoring systems (the Lysholm
Knee Scoring System, a modified version
of the Cincinnati Knee Scoring System,
and the Knee Outcome Survey). Results
demonstrate statistically significant mean
differences and linear relationships be
tween the outcome measures for the 3
scoring systems. The Knee Outcome Sur
vey appears to provide valid measures of
disability and indicates that our subjects
functioned well with activities of daily
living but became symptomatic and func
tionally limited with sports. The outcome
measures also indicate that the Lysholm
system is more specific to activities of
daily living, while the modified Cincinnati
is more specific to sports. We recommend
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that standard scoring systems be developed
to provide measures of functional dis
ability in athletes who experience knee
injuries.

of treatment dosage should occur on a
routine basis, as treatment outcome will
certainly be affected by the actual dosage
of ultrasonic energy.

Reprinted with the permission of the
Journal of Sport Rehabilitation.

Reprinted with the permission of the
Journal of Orthopaedic and Sports
Physical Therapy.

Kimura IF, Gulick DT, Shelly J,
Ziskin MC. Effects of 2 ultrasound
devices and angles of application on
the temperature of tissue phantom.
J Orthop Sports Phys Ther. 1998;27:
27-31.
Ultrasound is a commonly used ther
apeutic modality for which there is little
research on the effect of treatment dos
age on the extent of tissue heating. The
purpose of this study was to investigate
the effect of 2 different ultrasound de
vices, angle of ultrasound application,
and treatment time on the temperature of
a tissue phantom. Four trials were per
formed at 4 ultrasound application an
gles (90 degrees, 80 degrees, 70 degrees,
and 60 degrees) with both an Excel
UltraMax and a Mettler Sonicator 720. A
continuous 1-MHz frequency at 2.0
W/cm2 was administered for 5 minutes,
with tissue phantom temperature re
corded at 1-minute intervals. The analy
sis of the data revealed significant main
effects between ultrasound devices, an
gle of application, and treatment times.
Interactions were identified between ul
trasound device and treatment times and
angle of application and treatment times.
Analysis of simple effects revealed sig
nificant differences between ultrasound
devices after 2, 3, 4, and 5 minutes of
treatment and between treatment times
and 80-degree and 60-degree angles of
application. Maximal temperature in
crease after a 5-minute treatment was
2.025°C. This level of tissue heating falls
below expected values and may not yield
therapeutic results. The thermal effects
were noted to be greatest at 80-degree
and 90-degree angles of application. De
spite appropriate calibration and identi
cal treatment protocols, the 2 ultrasound
devices yielded significantly different
tissue phantom temperatures, which
were notably lower than expected values.
We concluded that direct monitoring of
ultrasound device output and calculation
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Thein JM, Brody LT. Aquatic-based
rehabilitation and training for the elite
athlete. J Orthop Sports Phys Ther.
1998;27:32-41.
Elite athletes are competing for longer
seasons, training more hours, and taking
less time off. This schedule may predis
pose the elite athlete to overuse injuries.
When an injury occurs, aquatic-based
rehabilitation may expedite the recovery
process, as effective cardiovascular and
musculoskeletal training may be accom
plished by aquatic exercise. The pool
may be used both during rehabilitation
and postrecovery as an adjunctive tool.
Knowledge of the unique physical prop
erties of water, as well as the physiolog
ical responses to immersion both at rest
and during exercise, will aid the physical
therapist when designing a rehabilitation
or training program for the athlete. Un
derstanding the principles of movement
in water will provide a foundation for
creative use of water's unique properties.
Reprinted with the permission of the
Journal of Orthopaedic and Sports
Physical Therapy.

O'Sullivan PB, Twomey L, Alliron
GT. Altered abdominal muscle re
cruitment in patients with chronic
back pain following a specific exercise
intervention. J Orthop Sports Phys
Ther. 1998;27:114-124.
The efficacy of specific exercise inter
ventions that advocate training the cocontraction of the deep abdominal mus
cles with lumbar multifidus for treating
chronic back pain conditions has not
been tested. A randomized controlled
trial involving 42 subjects with a specific
chronic back pain condition investigated
whether this form of intervention results
in changes to the ratio of activation of the

internal oblique relative to the rectus
abdominis. Data were collected before
and after the intervention, using surface
electromyography, while subjects per
formed different abdominal maneuvers.
Subjects were randomly allocated to ei
ther a specific exercise group or control
group. Following intervention, the spe
cific exercise group showed a significant
(P < .05) increase in the ratio of activa
tion of the internal oblique relative to the
rectus abdominis. The control group
showed no significant change. The study
findings provide evidence that the con
scious and automatic patterns of abdom
inal muscle activation can be altered by
specific exercise interventions.
Reprinted with the permission of the
Journal of Orthopaedic and Sports
Physical Therapy.

McQuade KI, Smidt GI. Dynamic
scapulohumeral rhythm: the effects of
external resistance during elevation of
the arm in the scapular plane. J
Orthop Sports Phys Ther. 1998;27:
125-131.
The purpose of this study was to
characterize the scapulohumeral rhythm
in the normal shoulder during dynamic
elevation of the arm in the scapular plane
and to compare the scapulohumeral
rhythm during 3 different states of load
ing: 1) arm completely unloaded and
passively elevated, 2) light load consist
ing of active elevation against the weight
of the limb, and 3) heavy loading against
maximal resistance. Electromagnetic
tracking was used to record 3-dimensional scapular and humeral kinematics
on 25 normal subjects. Cardan angles
were calculated to assess the dynamic
relationship of humeral elevation to
scapular upward rotation. The results
show that during dynamic humeral ele
vation the scapulohumeral rhythm
changes depending on the phase of ele
vation and the external load on the arm.
During passive range of motion, the
scapulohumeral rhythm decreased from
7.9:1 to 2.1:1 as the arm was elevated.
Light shoulder loads caused an increase
of the scapulohumeral rhythm from 3.1:1
to 4.3:1 as the arm was elevated. Heavy
shoulder loading resulted in an increas

ing scapulohumeral rhythm from 1.9:1 to
4.5:1 as the arm was elevated. The re
sults suggest that the historical assump
tion of a simple linear 2:1 scapulo
humeral rhythm ratio may be overly
simplistic and may not accurately de
scribe the scapulohumeral rhythm under
varying dynamic conditions. Therapists
need to understand the normal changing
relationships of the scapulohumeral
rhythm under different conditions for
accurate interpretation of clinical obser
vations.
Reprinted with the permission of the
Journal of Orthopaedic and Sports
Physical Therapy.

Gehring MM, Keller BA, Brehm BA.
Water running with and without a
flotation vest in competitive and rec
reational runners. Med Sci Sports
Exerc. 1997',29: 1374 -1378.
The purpose of this study was to
determine whether competitive and rec
reational runners would replicate land
training intensity during water immer
sion (WI) running with (V) and without
(NV) a flotation vest and during tread
mill running (Tm). Seven female com
petitive runners (CR) and 7 female noncompetitive runners (NR) were asked to
replicate preferred land training intensity
characteristic of a 45-minute run under 3
conditions (Tm, V, and NV). When 20minute submaximal runs at the preferred
land training intensity were performed
for Tm, V, and NV conditions, CR were
able to elicit a similar submaximal VO2
for all 3 conditions. In contrast, the NR
group had a significantly (P < .05) lower
VO2 (27%), HR (23%), VE (26%), and
%VO2 max (27%) during V versus Tm
condition. During the NV condition, NR
had a significantly lower VO2 (13%),
%VO2 max (13%), and a higher RPE
compared with Tm running, and a sig
nificantly higher VO2 (16%), HR (15%),
VE (24%), %VO2 max (15%), and RPE
compared with the V condition. Compet
itive runners were able to achieve train
ing intensities similar to land training for
WI running with or without a flotation
vest. However, recreational runners
failed to replicate land training pace,
where intensity was significantly lower

during WI running without a vest and
lowest with a vest, despite efforts to
maintain a similar level of exertion.
Reprinted with the permission of
Medicine and Science in
Sports and Exercise.

Kreider RB, Ferreira M, Wilson M,
Grindstaff P, Plisk S, Reinardy J,
Cantler E, Almada AL. Effects of creatine supplementation on body com
position, strength, and sprint perfor
mance. Med Sci Sports Exerc. 1998;30:
73-82.
Purpose: To determine the effects of
28 days of creatine supplementation dur
ing training on body composition,
strength, sprint performance, and hematological profiles. Methods: In a doubleblind and randomized manner, 25 NCAA
Division IA football players were
matched-paired and assigned to supple
ment their diet for 28 days during resis
tance/agility training (8 h/wk) with a
Phosphagen HP (Experimental and Ap
plied Sciences, Golden, CO) placebo (P)
containing 99 g/d of glucose, 3 g/d of
taurine, 1.1 g/d of disodium phosphate,
and 1 .2 g/d of potassium phosphate (P)
or Phosphagen HP containing the P with
15.75 g/d of HPCE pure creatine monohydrate (HP). Before and after supple
mentation, fasting blood samples were
obtained; total body weight, total body
water, and body composition were deter
mined; subjects performed a maximal
repetition test on the isotonic bench
press, squat, and power clean; and sub
jects performed a cycle ergometer sprint
test (12 X 6-second sprints with 30second rest recovery). Results: Hematological parameters remained within nor
mal clinical limits for active individuals
with no side effects reported. Total body
weight significantly increased (P < .05)
in the HP group (P 0.85 ± 2.2; HP
2.42 ± 1 .4 kg) while no differences were
observed in the percentage of total body
water. DEXA scanned body mass (P
0.77 ± 1.8; HP 2.22 ± 1.5 kg) and
fat/bone-free mass (P 1.33 ± 1.1; HP
2.43 ± 1.4 kg) were significantly in
creased in the HP group. Gains in bench
press lifting volume (P -5 ± 134; HP
225 ± 246 kg), the sum of bench press,
Journal of Athletic Training
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squat, and power clean lifting volume (P
1,105 ± 429; HP 1,558 ± 645 kg), and
total work performed during the first 5
6-second sprints was significantly
greater in the HP group. Conclusion: The
addition of creatine to the glucose/
taurine/electrolyte supplement promoted
greater gains in fat/bone-free mass, isotonic lifting volume, and sprint perfor
mance during intense resistance/agility
training.
Reprinted with the permission of
Medicine and Science in
Sports and Exercise.

Derrick TR, Hamill J, Caldwell GE.
Energy absorption of impacts during
running at various stride lengths. Med
Sci Sports Exerc. 1998;30:128-135.
Purpose: The foot-ground impact ex
perienced during running produces a
shock wave that is transmitted through
the human skeletal system. This shock
wave is attenuated by deformation of
the ground/shoe as well as deformation
of biological tissues in the body. The
goal of this study was to investigate the
locus of energy absorption during the
impact phase of the running cycle.
Methods: Running speed (3.83 m/s)
was kept constant across 5 stridelength conditions: preferred stride
length (PSL), +10% of PSL, -10% of
PSL, +20% of PSL, and -20% of
PSL. Transfer functions were gener
ated from accelerometers attached to
the leg and head of ten male runners. A
rigid body model was used to estimate
the net energy absorbed at the hip,
knee, and ankle joints. Results: There
was an increasing degree of shock
attenuation as stride length increased.
The energy absorbed during the impact
portion of the running cycle also in
creased with stride length. Muscles
that cross the knee joint showed the
greatest adjustment in response to in
creased shock. Conclusion: It was pos
tulated that the increased perpendicular
distance from the line of action of the
resultant ground reaction force to the
knee joint center played a role in this
increased energy absorption.
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Reprinted with the permission of
Medicine and Science in
Sports and Exercise.

Lake MJ, Lafortune MA. Mechanical
inputs related to perception of lower
extremity impact loading severity.
Med Sci Sports Exerc. 1998;70:136143.

Greiwe JS, Staffey KS, Melrose DR,
Narve MD, Knowlton RG. Effects of
dehydration on isometric muscular
strength and endurance. Med Sci
Sports Exerc. 1998;30:284 -288.

Purpose: Human responses to repeti
tive locomotor loadings are likely depen
dent upon the perceived severity of the
impact. Few researchers have attempted
to identify the mechanical variables upon
which perception of impact severity is
based. This study examined the relation
ship of selected impact loading variables
to the perception of impact severity by
employing an established psychophysical test procedure. Methods: A human
pendulum apparatus was used to admin
ister and measure impact loadings simi
lar to those encountered during running.
Nineteen subjects experienced over 100
right foot impacts that comprised 9 dif
ferent impact conditions presented in a
random manner. The conditions repre
sented combinations of 3 impact veloci
ties and 3 interface materials covering a
force platform. Results: Group mean
subjective ratings of impact severity
were highly related to all measured biomechanical descriptors of impact sever
ity. The variables of impact force rate of
loading (FRA) and peak shank accelera
tion had correlation coefficients of 0.99
with perceived severity. When all indi
vidual results were combined to deter
mine the relationship of impact loading
variables to perception, correlations were
generally 0.7 or above with FRA alone
explaining 64% of the perceptual rating
variability. Conclusions: These results
indicate that impact perception was
highly associated with the mechanical
input variables commonly measured and
that midsole materials such as those typ
ically found in athletic footwear do not
remove our ability to perceive the sever
ity of impact loads.

To examine the effects of rapid dehy
dration on isometric muscular strength
and endurance, 7 men were tested at
baseline (control) and after a dehydration
(dHST) and a euhydration (eHST) heat
stress trial. The dHST consisted of inter
mittent sauna exposure until 4% of body
mass was lost, whereas the eHST con
sisted of intermittent sauna exposure
(same duration as dHST) with water
replacement. Peak torque was deter
mined for the knee extensors and elbow
flexors during 3 isometric maximal vol
untary contractions. Time to fatigue was
determined by holding a maximal volun
tary contraction until torque dropped be
low 50% peak torque for 5 seconds.
Strength and endurance were assessed
3.5 hours after the HSTs (no food or
water intake). Body mass was decreased
3.8% ± 0.4% post dHST and 0.4% ±
0.3% post eHST. Plasma volume was
decreased 7.5% ± 4.6% and 5.7% ±
4.4%, 60 and 120 minutes post dHST,
respectively. A small (1.6 mEq/L) but
significant increase was found for serum
Na + concentration 60 minutes post
dHST but had returned to predehydration
level 120 minutes post dHST. Serum K+
and myoglobin concentrations were not
affected by HSTs. Peak torque was not
different (P > .05) among control,
dHST, and eHST for knee extensors
(mean (Nm) ± SD, 285 ± 79, 311 ±
113, and 297 ± 79) and elbow flexors
(79 ± 12, 83 ± 15, and 80 ± 12). Time
to fatigue was not different (P > .05)
among control, dHST, and eHST for the
knee extensors (mean(s) ± SD, 42.4 ±
11.5, 45.3 ± 7.6, and 41.8 ± 6.0) and
elbow flexors (48.2 ± 8.9, 44.0 ± 9.4,
and 46.0 ± 6.4). These results provide
evidence that isometric strength and en
durance are unaffected 3.5 hours after
dehydration of approximately 4% body
mass.

Reprinted with the permission of
Medicine and Science in
Sports and Exercise.

Reprinted with the permission of
Medicine and Science in
Sports and Exercise.
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Metabolic Calculations—Simplified
David P. Swain and Brian C. Leutholtz
Williams & Wilkins, Baltimore, MD
1997
100 pages
ISBN: 0-683-30137-3
Price: $15.00
Metabolic Calculations—Simplified
provides a simplified version of the
American College of Sports Medicine
(ACSM) metabolic equations. The tar
geted audiences are students in the field
of exercise science, candidates for the
ACSM health/fitness and clinical track
certifications, and other fitness profes
sionals.
The authors suggest that the equations
presented in the fifth edition of the
ACSM's Guidelines for Exercise Testing
and Prescription are sometimes difficult
for students to use, which often leads to
mistakes. However, by simplifying these
equations, the authors feel that these
mistakes can be reduced. Also, units for
speed, grade, height, etc have been
changed into terms more commonly
used, and conversion factors have been
added in order to eliminate a mathematic
step. For example, the ACSM walking
and running equations use meters per
minute to measure speed. However, fit
ness professionals in the United States
use miles per hour (mph) to measure
speed, while other countries use kilome
ters per hour (kph). The authors suggest
that, if these equations were expressed in
more familiar terms (ie, mph and not in
meters per minute), the conversion
would not have to be made and, thus,
fewer errors would occur.
All the simplified equations yield an
swers in the same VO2 units (ie, mL/kg/
min). The ACSM equations for leg and
arm ergometry yield answers of mL/min
and need to be further converted to
mL/kg/min, as shown in this simplified
version.
This book goes from the ACSM met
abolic equations for walking, treadmill
and outdoor running, leg ergometry, arm
ergometry, and bench stepping to several
other commonly used modes of exercise,
such as stair steppers, rowing machines,

arm and leg bicycles, and outdoor bicy
cles.
Each chapter contains numerous prob
lem sets for each mode of exercise and a
straightforward outline showing how to
obtain the answer. There are also numer
ous sample problems with their solutions
at the end of each chapter. This book
gives additional case studies and sample
problems and a multiple choice test with
the answers in the appendices.
For $15.00, this book would make an
excellent undergraduate and graduate
supplemental text for all exercise science
students, but I feel the information in this
book is less important for students in the
field of athletic training.
James M. Manning, PhD, ATC
William Paterson University
Wayne, NJ
The Ergogenics Edge
Melvin H. Williams, PhD
Human Kinetics, Champaign, IL
1998
317 pages
ISBN: 0-88011-545-9
Price: $17.95
The author presents more than 60
techniques that may be used to improve
athletic performance. These techniques
include supplements, stress manage
ment, and others. For each technique, he
presents information on its effectiveness,
safety, legality, and usefulness for spe
cific sports. This information is highly
accurate, well organized, and well writ
ten.
The book is organized into 8 chapters,
2 appendices, and a reference section.
Chapter 1 presents factors that limit
sports performance, including genetics
and training. The second and third chap
ters cover breaking performance barriers
and boosting energy and power. Valu
able tips are provided on ways to en
hance physical power and mental
strength and how to gain the mechanical
edge. An effective analogy is described
between a race car engine and the human
body. The fourth chapter discusses build
ing mental toughness, including a well-

written section on mental imagery.
Chapter 5 provides information about
obtaining a mechanical advantage. Chap
ter 6 examines performance factors in
specific sports. Chapter 7 includes a
discussion of commonly asked questions
and presents anecdotal reports and pla
cebos. In Chapter 8, the author rates the
sports ergogenics.
In comparison with other materials,
this book is unique in that it is highly
accurate and understandable, which are
tremendous strengths. Many reasonably
priced paperback books that are avail
able to the general public are notoriously
inaccurate. Also, the nutrition literature
covers some of the supplements, but not
as thoroughly as this text. This book
combines the friendliness and ease of
understanding of many books written for
the general public, but its strong aca
demic content allows it to be used as a
textbook.
The tables, figures, and photos assist
greatly in the presentation of the mate
rial. The tables compile information in a
useful manner. For example, several ta
bles are used to reinforce the recommen
dation to obtain nutrients from foods.
Table 8.1 shows the chromium content
of common foods, Table 8.3 displays
good food sources of antioxidants, and
Table 8.8 lists grams of carbohydrate and
calories per food exchange. The figures
are clear and enhance understanding of
concepts. Photographs of athletes per
forming a variety of sports bring the
material to life and increase interest.
Several captions effectively highlight
important concepts. For example, Figure
8.11 shows a photograph of an athlete
involved in weight training. The caption
states that chromium supplements are
popular, but research is not very support
ive. In addition, interesting quotes and
key points are highlighted in separate
areas that are captivating and useful.
The material flows smoothly. It is well
organized and presented in an easy-tounderstand style. The message is clear
and direct. The reader does not have to
work hard to grasp messages.
Journal of Athletic Training
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This material would be suitable for
college courses in the fields of exercise
science, kinesiology, sport psychology,
physical education, health education, and
nutrition. The book could be used as a
primary source for a class that focuses on
ergogenics but would be most practically
used as a secondary resource in a variety
of courses. This is an ideal reference
book for instructors and students in re
lated fields. The material is well written
and is directed at the college level. I
believe high school students could also
understand the information.
This is an ideal reference book for a
variety of health professionals. Coaches,
athletic trainers, nutritionists, physical
therapists, nurses, and social workers
could all use this information. The cost
of the book is reasonable. Overall, it is an
excellent book.
Lori W. Turner, PhD, RD
The University of Arkansas
Fayetteville, AR
Overweight and Weight Management:
The Health Professional's Guide to Un
derstanding and Practice
Editor: Sharron Dalton, PhD, RD
Aspen Publishers, Gaithersburg, MD
1997
615 pages
ISBN: 0-8342-0636-6
Price: $55.00
As a sports nutritionist who special
izes in weight management, I do not very
often find a book that actually teaches
me new information, thoughts, and per
spectives about this topic. Sharron Dal
ton's Overweight and Weight Manage
ment is an exception. The 22 chapters in
this book cover the spectrum of topics
related to weight management. These
topics include resting metabolic rate,
obesity-related eating patterns, genetic
factors, cultural aspects of weight, mech
anisms of appetite and body weight reg
ulation, alcohol and body fat, diet com
position and body weight, practitioner
counseling skills, the role of diet and
exercise in weight management, emo
tional eating and obesity, drug treatment
of obesity, childhood and adolescent
weight management, regulating the
weight management industry, and more.
Each chapter was written in depth by an
authority in the field. Dalton has expertly
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edited the information into a comprehen
sive volume that has little repetition
among the chapters.
What I like best about the book is the
"nondiet" approach, which breaks away
from the traditional "one diet fits all"
method of weight reduction. Dalton en
courages the individualization of nutri
tion therapy, a redirection of the focus of
weight management from body weight to
embracing a healthy lifestyle, with a
need for multidisciplinary assessment
and treatment. Weight problems, after
all, are more than just the result of
overeating. The solution is far more
complex than simply eating less to create
a calorie deficit and loss of body fat.
The depth of knowledge presented in
Overweight and Weight Management
makes this book suitable for graduatelevel nutrition students and advanced
nutrition practitioners. Athletic trainers
with clients in need of weight reduction
might find the material overwhelmingly
comprehensive and detailed, but never
theless very helpful. For example, the
chapter on counseling skills offers tips
and techniques to guide weight manage
ment conversations. In general, I believe
the book would be better appreciated by
the registered dietitian who works to
gether with the athletic trainer as a part
of the weight management team.
The overriding message in Over
weight and Weight Management is that
obesity/overweight is a complex prob
lem requiring perceptive nutrition coun
seling skills. The athletic trainer who is
interested in learning more about this
topic would truly appreciate the wealth
of information in this book, assuming the
cost was not too prohibitive. (I hope the
book would be acquired by the medical
library.) I highly recommend Overweight
and Weight Management for that dedi
cated athletic trainer with a sincere inter
est in the specialty of weight manage
ment.
Nancy Clark, MS, RD
SportsMedicine Brookline
Brookline, MA
Trail Guide to the Body: How to Locate
Muscles, Bones and More
Andrew Biel
Andrew Biel, Boulder, CO
1997
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297 pages
ISBN: 0-9658534-0-3
Price: $42.95
- i
Finally, a book that does not just teach
us about anatomy and kinesiology, but
actually teaches how to find your way
around the body with your hands (palpatory anatomy). We all know how impor
tant palpatory anatomy is to the practi
tioner and how vital it is to an in-depth
orthopaedic examination. I think back to
my undergraduate studies and remember
learning about surface anatomy, while
clocking only minimal hours of actual
hands-on contact with another subject.
We all know how to find the specific
structures in the body, but who can truly
differentiate the striations and contours
in the muscle?
The first part of the book gives the
reader an overview of how to use it,
along with palpation hints, and explores
the textural differences of structures.
Navigating the body (chapter 1) gives
the reader an outline of the regions,
planes of movement, directions and po
sitions, and movements of the body. In
addition, the skeletal, muscular, fascial,
cardiovascular, nervous, and lymphatic
systems are discussed, along with the
various types of joints. The following
chapters break the body up into regions:
shoulder and arm (chapter 2), forearm
and hand (chapter 3), spine and thorax
(chapter 4), head, neck, and face (chapter
5), pelvis and thigh (chapter 6), and leg
and foot (chapter 7). Each chapter fol
lows the same format, including a topo
graphic view, bones, bony landmarks,
bony landmark trails, muscles, liga
ments, nerves, nodes, glands, and ves
sels. Each structure is introduced with a
description of its function, depth, and
relationship to other structures. Where
applicable, the action, origin, insertion,
and neural innervation of each muscle is
explained. The author gives step-by-step
instructions on how to palpate the struc
ture, then supplies alternative routes. A
"check-it" question confirms your palpa
tion location. After you have found the
structure, a compass symbol gives the
location, bony landmarks, and action.
The line anatomic drawings are benefi
cial adjuncts to the text.
The unique aspect of this book is that
the author actually takes you on a tour of
the entire body using specific anatomic

landmarks, where applicable, as the map.
This is a unique and yet realistic and easy
way to locate specific anatomic struc
tures. We have all learned little anec
dotes to remember specific muscles and
muscle groups, but this text gives us a
different approach. The author addresses
anatomy in a way that allows for easy
reading throughout the text.
This text would be very useful for any
anatomy or athletic training classes as a
supplement. It would be best suited for
an athletic training class that teaches the
importance of palpatory anatomy. One of
the high points of the book is that the
material can be simplified for low-level
courses and upscaled for higher-lever
courses.
I highly recommend this text to all
professionals in the field. Just as there
are many different ways to tape an ankle,
this book gives us another approach to
anatomy, specifically palpatory anat
omy. A good athletic trainer can find a
specific structure, but it is the great ones
who can distinguish all the contours.
Mark R. Casterline, MS, ATC
St. Lawrence University
Canton, NY
The Gait Workbook: A Practical Guide
to Clinical Gait Analysis
Jan Bruckner, PhD, PT
Slack Incorporated, Thorofare, NJ
1998
190 pages
ISBN: 1-55642-344-6
Price: $30.00
The evaluation and management of
gait dysfunction often challenges the
most experienced clinician. The Gait
Workbook: A Practical Guide to Clinical
Gait Analysis is a problem-based instruc
tional resource for entry-level allied
health students engaged in learning
about normal and pathologic gait. The
purposes of this workbook are to en
hance the student's understanding of
normal and pathologic gait and to facil
itate the acquisition of observational gait
analysis skills. The author developed the
workbook based on J. Perry's Gait Anal
ysis: Normal and Pathological Function
(Thorofare, NJ: Slack Inc; 1992). The
workbook may serve to bridge the gap
between textbook presentations and clin
ical practice.

The workbook contains seven wellorganized chapters. Chapter 1 addresses
the basic concepts of a normal gait.
Chapters 2 through 5 address normal and
pathologic kinematics and kinetics of the
major musculoskeletal regions of the
body. The regions included are foot and
ankle; knee; hip; and head, arms, and
torso. The remaining 2 chapters present
information pertaining to gait through
the life span and examples of pathologic
gait. The flow and presentation of infor
mation facilitate the understanding of
basic concepts and the evolution of ob
servational gait analysis skills in a clin
ically relevant manner.
Within each chapter, the author has
presented a variety of learning activities
derived from the cognitive and psychomotor domains. Chapter 1 provides
the learner with the terminology used in
observational gait analysis, an overview
of the normal gait cycle, and a funda
mental understanding of gait deviations.
The contents of chapters 2 through 5
guide the learner through activities de
signed to increase the understanding of
relevant functional anatomy, kinetics and
kinematics of gait, and pathologic func
tions that are region specific. Within
each chapter, thought questions are in
cluded to challenge the learner to closely
examine relationships between normal
and pathologic function. Each chapter
concludes with observational gait activ
ities and a video analysis of case presen
tations designed to facilitate the stu
dent's application of concepts in a
clinically relevant manner. The author
presents each chapter in a way that al
lows the learner to create an observa
tional gait analysis tool that is useful and
comprehensive.
Chapter 6 examines the variations in
gait by exploring the relationship among
gait, human development, sex, culture,
and psychosocial factors. Activities fo
cus on motor control foundations for
mature gait, parental handling and influ
ence, early gait patterns, gait and age, the
effects of sex, and the kinetics of gait.
Chapter 7 discusses pathologic gait in
relation to specific clinical diagnoses,
including spastic cerebral palsy, transtibial amputation, spinal cord injury,
peripheral neuropathy, adult hemiplegia,
Parkinson's disease, Down syndrome,
and center-of-gravity displacement prob

lems. Although these diagnoses are not
commonly encountered in the athletic
training setting, working through these
may serve to strengthen the student's
analytic skills for application to a more
orthopaedic-based population.
Content is generally presented in a
manner appropriate for entry-level stu
dents in the allied health professions.
Information in each chapter is presented
clearly and concisely through the use of
text, tables, and figures. The format fa
cilitates the use of the workbook as a
learning tool. Questions have adequate
spacing and the use of blank tables pro
vides students with the opportunity to
organize and record responses. Answers
may be checked in the answer key at the
conclusion of the workbook. Information
retrieval is enhanced through an ex
panded table of contents and index. A
companion videotape entitled People
Walking: Pathological Patterns and
Normal Changes Over the Life Span
($39.95) is available to augment the
workbook.
Effective problem solving requires
that clinicians employ a thorough and
systematic approach to the acquisition of
data, interpretation of results, and imple
mentation of appropriate solutions. The
Gait Workbook: A Practical Guide to
Clinical Gait Analysis provides a frame
work for an individual or group of stu
dents to be actively engaged in their own
learning and to participate in the prob
lem-solving process for a variety of gait
dysfunctions. The workbook was written
to guide the process of clinical gait
analysis for physical therapy students. In
addition, this tool will be of value to
students in athletic training, exercise sci
ence, exercise physiology, and physical
education. This workbook is a welcome
addition to the educational setting.
Douglas R. Keskula, PhD, PT, ATC
Medical College of Georgia
Augusta, GA

Complete Conditioning for Football
Michael Arthur and Bryan Bailey
Human Kinetics, Champaign, IL
1998
285 pages
ISBN: 0-88011-521-1
Price: $16.95, Canada $24.95
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When people talk about college foot
ball, several names are synonymous with
success. These include Penn State, Flor
ida, Florida State, Michigan, and Ne
braska. In the domain of football strength
and conditioning, Nebraska is the leader
in the field. This book, written by 2 of
Nebraska's strength and conditioning
coaches, is a fully developed sportspecific conditioning program for the
dedicated athletic trainer and condition
ing professional.
The book discusses every aspect of
developing a topnotch football condi
tioning program. Chapters 1, 2, and 3 set
the tone by focusing on the very specific
performance needs, conditioning princi
ples, testing, and goal setting for foot
ball. This section assesses work-to-rest
ratios required to condition football play
ers. The ratios were developed by exam
ining the actual work and rest times of
players in practices and games. This
information separates this book from
many other texts that offer conditioning
programs developed from track-based
programs. In addition, the authors offer a
convincing argument for specific testing
and performance characteristics of topnotch players by providing several ex
amples of the primary athletic abilities
that are important to football.
The second part of the text, included
in chapters 4, 5, 6, and 7, develops the
program of flexibility, strength, speed,
and agility training. This section is pre
sented in photos and diagrams that are
complete, clear, and concise. The flexi
bility section includes information on
static and dynamic stretches, which
would be good additions to any warmup. The dynamic flexibility section is
helpful, especially because this area is
many times overlooked in conditioning
texts, which stay with the more conser
vative static approach to warm-up and
flexibility. The heart of the Nebraska
program is in the strength section, with a
wide variety of exercises presented. The
exercises combine Olympic-style lifting,
machine-oriented exercises, and basic
strength exercises. The section is com
plete and presented in an organized man
ner. The only problem with any section
on technical weightlifting development
is the difficulty of learning highly skilled
lifts from still photos. The authors pro
vide no additional sources (videos,
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courses, etc) for the development of
these highly technical lifts.
The speed section presents speed
development drills and plyometrics.
The areas are well covered and provide
a good fundamental program. The agil
ity chapter is the most impressive sec
tion of the conditioning program, with
58 different agility drills. These drills
are well diagrammed and concisely
explained.
The final section of the book deals
with nutrition and tailoring the preceding
information on flexibility, strength,
speed, and agility into a viable program.
The nutrition section is adequate for
good fundamental information on eating
correctly and obtaining proper rest. The
section is developed without the mention
of any nutritional supplementation and
contains a brief statement against the use
of alcohol, drugs, and tobacco. The last
chapter offers the speed and agility pro
gram according to position, with no dif
ferentiation among beginning, intermedi
ate, and advanced players. The strength
program is divided into beginning, inter
mediate, and advanced levels but in
cludes no position-specific workouts.
This section could have been more fully
developed with the extensive amount of
information presented throughout the
text. The periodization programs vary
the repetitions between 10 seconds and 5
seconds, which may not give the reader a
full appreciation for the periodization
concept.
This text provides the reader with a
template for the development of not only
a football-specific program, but any
sport-specific conditioning program. It
would be suitable as a supplemental text
for junior and senior students in thera
peutic exercise or physiology of exercise
courses to provide insight into the proper
development of a sport-specific condi
tioning program. In addition, any athletic
trainer charged with additional duties as
the conditioning coach would find this a
tremendous resource for program design
and development. This text is one of the
top books for conditioning football and
provides unique insight into the rationale
and logic used in developing the premier
program in the country. At $16.95, this
book should find a place on the reference
shelf of any athletic trainer with an
interest in football conditioning.
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Martin A. Fees, MS, PT, ATC, CSCS
Joyner Sportsmedicine Institute
"H*. •:*G/^--- ; :i> ,n<r::,r> Gettysburg, PA

Quantum Strength and Power Training
(Gaining the Winning Edge)
Patrick O'Shea
Patrick's Books, Corvallis, OR
1996
247 pages
ISBN: 0-9648698-0-2
Price: $20.00
Machines versus free weights and highintensity training versus periodization are
hot areas for debate among strength and
conditioning professionals. Quantum
Strength and Power Training (Gaining the
Winning Edge) does not sit on the fence
with regard to any of these issues. Dr.
O'Shea presents material that strongly ad
vocates the use of free weights and peri
odization in order for athletes to achieve
their ultimate potential.
The book encompasses all the issues
an athlete might encounter when at
tempting to develop a proper strength
and conditioning program.
Chapters 1, 2, 4, and 6 present an
overview of periodization, psychological
issues, the endocrine system, nutritional
concerns, and anatomy. The author ex
plains how an exceptional strength and
power program is affected by each of
these factors.
Chapters 3, 5, 7, and 8 disclose the
details of strength and power develop
ment through changes in intensity and
volume. In addition, chapter 8 presents
unique material on functional isometric
training. This concept is sound and can
be applied to a variety of programs. This
book is unique in developing actual rou
tines for functional isometric training.
Chapters 9, 10, 11, and 12 present spe
cific routines designed for many sports
and age groups. Chapter 12 examines in
detail the training of a master athlete for
strength and power.
There are both positives and negatives
concerning this text. On the plus side,
there are many informative charts and
graphs that enhance the presentation and
make some of the difficult concepts eas
ier to grasp. In addition, the text is full of
inspirational photographs of many wellknown strength and power athletes. Sam
ple routines for athletes of varied sports

and backgrounds are presented. Con
versely, the text does not flow smoothly
from chapter to chapter. If the reader
lacks a good background in strength and
conditioning, many concepts will be dif
ficult to understand. In addition, this
book has no references for the scientific
material presented in each chapter.
In conclusion, this book could be used
as a supplemental text in senior fitness or
strength courses in an athletic training
curriculum. The student or professional
would have to possess a high level of
knowledge in strength and conditioning
to benefit from the information in this
text. The cost is reasonable, but, with the
large number of texts available on this
subject, the money may be more wisely
spent elsewhere.
Martin A. Fees, MS, PT, ATC, CSCS
Joyner Sportsmedicine Institute
Gettysburg, PA
Clinical Athletic Training
Editor: Jeff G. Konin
Slack Incorporated, Thorofare, NJ
1996
294 pages
ISBN: 1-55642-315-2
The purpose of this book is to serve as
an educational tool providing the athletic
trainer with the necessary knowledge
and material to be successful in the
clinical setting. The book consists of 20
chapters written by 20 contributing au
thors. There are essentially 3 parts to the
book. The first 4 chapters discuss both
the expanding role of the athletic trainer
in the clinical setting and regulation of
the profession and provide an overview
of the health care system in the United
States (including other medical and al
lied health professions and their roles in
the health care system). These chapters
would be excellent for an introductory
course in athletic training.
Chapters 5 through 13 deal with the
administrative issues of athletic trainers
in the clinical setting. The chapter "Plan
ning A New Athletic Therapy Facility"
deals less with the structural components
than with the accounting and business
aspects. This area is often not covered in
the depth needed in many educational
programs for athletic trainers. These
chapters would be particularly helpful in
an upper-level administrative class.

The remaining 6 chapters deal with
issues that come under close scrutiny by
other medical and allied health profes
sionals when assessing athletic trainers
as health care providers. Chapters on
documentation, pathology, pharmacol
ogy, outcomes assessment, and industrial
and nontraditional athletes are useful for
both practicing and student athletic train
ers. All or parts of these chapters would
be helpful throughout a student's matric
ulation at the undergraduate level.
The book is written in small sections
that have been put together to form
chapters. This is a positive trait of the
book since it makes for easily digested
material. However, it also distracts read
ers as they skip from one subject to the
next within a chapter in a relatively short
time. The book uses a variety of tables to
reinforce and organize points covered in
the chapters. There are relatively few
photographs. At the completion of each
chapter, a list of study questions requires
a range of responses from in-depth syn
thesis to factual reiteration. Appendices
and a glossary of terms provide guide
lines and basic definitions at the comple
tion of the book.
Because the clinical setting has be
come such an important employment
setting for the profession of athletic
training, this text is useful as a supple
ment to several classes, including intro
ductory and administrative courses.
Mark H. Gibson, MSEd, MS, ATC, PT
Courtney Wheeler, BS, ATC
University of Wisconsin-LaCrosse
LaCrosse, WI
Science and Practice of Strength
Training
V. M. Zatsiorsky
Human Kinetics, Champaign, IL
1995
256 pages
ISBN: 0-87322-474-4
Price: $30.00
The purpose of this book is to provide
an integrated scientific and practical ap
proach to the strength training of com
petitive athletes. Part I of the book pro
vides the theoretical basis for structuring
programs promoting specific traininginduced adaptations. This material is re
visited and applied in Part II of the book.
Part II also has sections on selecting

training intensities, program exercises,
and time parameters (periodization). In
addition, Part II includes a chapter on
injury prevention that discusses primar
ily low back and disc injuries.
There are numerous graphs, biomechanical formulas, and statistics used
throughout the text. In this regard, the
book is distinguished from other texts in
strength training. The use of descriptive
statistics in chapter 1 helps to illustrate
how individuals during training experi
ence fluctuations across a mesocycle.
This is similar to the DAPRE techniques,
with which athletic trainers are more
familiar. Of particular interest is the
discussion on the coefficient of stiffness
and the description of the use of elastic
resistance as it applies to strength train
ing. Readers are strongly encouraged to
familiarize themselves with the book's
legend of symbols and abbreviations, as
well as the glossary of operational defi
nitions, for better comprehension of the
text.
Other unique features of this book
include highlighted paragraphs appear
ing throughout each chapter that depict
sport situations supplementing the pre
sented theoretical concepts. Having these
highlights appear as sidebars or boxes in
future editions would improve the over
all presentation to the reader. In their
present state, they are used to apply basic
principles to other situations. In the area
of speed and power development, the
author discusses the use of inertia as
resistance and its application to the
force-velocity curve of various contrac
tions, as well as the summation of total
body actions generating the flight of
aerodynamic and nonaerodynamic ob
jects.
The major weakness of this book is
the lack of citation for the material being
presented. Many contemporary studies
support the efficacy of the Eastern Euro
pean concepts described and would help
compensate for the studies not available
in the English language. Including refer
ences in future editions will enhance the
credibility of the material being pre
sented and will assist a reader seeking
more in-depth material on a particular
topic.
This book is clearly intended for indi
viduals with an interest in the strength
training of competitive athletes. AlJournal of Athletic Training
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though this book is not suitable for an
athletic training course in therapeutic
exercise, it is a viable source for an
upper-level undergraduate or graduatelevel course in strength and conditioning.
The book can also be recommended for
individual athletic trainers seeking certi
fication by the National Strength and
Conditioning Association.
Mark H. Gibson, MSEd, MS, ATC, PT
Robert Pettitt, BS, ATC
University of Wisconsin-LaCrosse
LaCrosse, WI
The Steroids Game
Charles E. Yesalis, ScD, and Virginia S.
Cowart
Human Kinetics, Champaign, IL
1998
201 pages
ISBN: 0-88011-494-0
Price: $16.95
The Steroids Game, which addresses
the growing concern of anabolic steroid
use in sports, offers a well-balanced
approach to the issue of steroid use and
its health and sociologic implications.
The text is presented logically, beginning
with a discussion of various profiles of
steroid abusers. The subjects proceed to
health implications such as prevention of
abuse, testing for the use of steroids, and
education regarding steroid use and cul
minate in a discussion on future trends in
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steroid use and testing. The book is
written in an easy, conversational man
ner, which I found more readable than a
merely informative style. The book is
minimally illustrated, relying on written
text to deliver its message.
The issue of steroid abuse is familiar
to athletic trainers, and I feel that this
book addresses all of the general con
cerns. Also to the authors' credit, The
Steroids Game addresses issues that
are not often covered in other books.
Two particular issues addressed with
clarity in this text are the oftenconfusing subjects of the difficulties
involved in testing for anabolic ste
roids and the legal issues involved in
the use and distribution of the drugs.
There is discussion on the subject of
whether more testing is the answer to
solving the drug problem in athletics.
The text gives detailed explanations of
the history of drug testing, how the
substances to be tested for are deter
mined, the methods of testing, how
tests are manipulated, and, very criti
cally, the high cost of testing. For this
chapter alone, the text would be useful
for any athletic trainer or athletic di
rector working in an environment
where drug testing is used. With regard
to the legal concerns of steroid use, the
authors very informatively describe
athletes' rights, anabolic steroids as
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controlled substances, and the question
of steroid-induced violence.
The book does, however, have weak
points. There is minimal explanation of
the performance-enhancing and deleteri
ous health effects of steroids; the authors
chose to give only brief descriptions of
these subjects. In addition, 2 sections (20
pages) are devoted to sports nutrition and
exercise. These sections are generally
simplistic and not highly informative to
athletic trainers, who would have had
formal education in these areas. How
ever, the tone of these sections is in
keeping with the overall intent of the
book, which is to be informative to a
wide readership.
The applicability of The Steroids
Game is varied. It is an excellent infor
mational source for athletic trainers and
athletic directors involved in sports on
any level. It should be essential reading
for undergraduate students who may one
day have to come to grips with this
critical issue. Moreover, reading The Ste
roids Game would be beneficial for any
athlete facing decisions regarding ana
bolic drug use. At $16.95, it is very
reasonably priced for the amount of in
formation it contains and should be part
of every athletic trainer's library.
John P. Miller, PhD, ATC
University of New Hampshire
Durham, NH

Partner-Resistance Strength Training
Human Kinetics, Champaign, IL
1998
33 minutes
ISBN: 0-88011-845-8
Price: $24.95, Canadian $37.50
Partner-Resistance Strength Training
is a video that is designed to provide
basic instruction on manual resistance
exercise. Although specifically provided
for coaches, personal trainers, and fitness
instructors, this video may have broader
application to the health care environ
ment.
Partner-Resistance Strength Training
offers a structured outline to the guide
lines for, and application of, manual
resistance. An introduction to this form
of resistance training identifies its advan
tages and disadvantages. Although
equipment and large amounts of space
are not needed to perform the exercises,
two individuals are required. The inabil
ity to document improvements in
strength is another drawback for this
type of resistance training.
The specific guidelines for the use of
this video are provided in a detailed
manner and include the following seven
points: 1) communication between the
exerciser and the resister; 2) mainte
nance of muscle tension; 3) pausing in
the contracted position; 4) 2-second con
centric phase (exhaling) and 4-second
eccentric phase (inhaling); 5) focusing
on effort and technique; 6) providing
proper and graded resistance; and 7)
varying the resistance to keep the move
ment smooth. This video also addresses
the issue of matching the exerciser and
resister for size and strength and pro
vides a rather generic recommendation
as to the number of sets and repetitions to
be performed for each exercise (1 to 2
sets, 8 to 12 repetitions). This recom
mendation, however, may be appropriate
for individuals using this video for reha
bilitative purposes.
The second half of this video offers a
detailed description of 23 specific exer
cises that have been divided into the
following 5 areas: lower body, torso,
arms, abdomen, and neck. The instruc

tors provide an adequate demonstration
of each exercise. However, I noticed 4
particular exercises on this video that
should be performed with caution: the
partner-resisted push-up, the bent-over
row, the abdominal exercise, and the
neck-flexion exercise. These exercises
are performed with either the exerciser or
resister in a position that could poten
tially lead to injury.
Overall, this video provides some ba
sic, yet potentially valuable, information
and demonstrations regarding partnerresistance exercise. Although the clinical
setting necessitates objective measure
ments for strength, this video may be
very helpful and facilitate adherence for
individuals performing rehabilitation ex
ercises at home. The exercises are ade
quately demonstrated and explained in
an easy-to-understand manner for the lay
person. I would highly recommend this
video as a supplementary tool for ortho
paedic clients who perform their exer
cises at home.
Danny M. Pincivero, PhD, CSCS
Eastern Washington University
Cheney, WA
What You Need to Know About Rotator
Cuff Surgery
What You Need to Know About ACL
Surgery
Robert A. Hawkes, MS, PT
Sportsmed Physical Therapy and Interwest Sports and Orthopedics, Associated
Media Artists, Bountiful, UT
1997
14 minutes and 10 minutes, respectively
Price: $80 each
What You Need to Know About Rota
tor Cuff Surgery and What You Need to
Know About ACL Surgery are two new
videos that provide valuable information
to the patient/athlete contemplating re
constructive surgery to the rotator cuff
(specifically, the suprapinatus muscle) or
knee (anterior cruciate ligament). The
videos produced by Mr. Hawkes and his
staff are of excellent quality in both their
video and audio attributes. The material
is presented in a clear and concise man

ner, and the tapes follow the whole
process of reconstructive surgery. By
witnessing a physician's explanation of
anatomic structure and function, ana
tomic models, rehabilitative techniques,
and personal testimonies, the viewer re
ceives salient information related to the
specific surgical procedure.
The videos are similar in their pre
sentation. Both are developed around
the premise that patient/athletes who
understand their injury and know what
to expect from surgery will be more
committed to the rehabilitation process
and therefore experience a more suc
cessful recovery. The correlation be
tween the patient's education concern
ing the injury and his or her
commitment to the rehabilitation pro
cess has been supported by the clinical
experience of Mr. Hawkes, who also
mentions several research articles in
this area. In order to provide this edu
cational information, the videos basi
cally address the following four points:
1. What you injured and how it was in
jured.
2. Why you may need the injured structure
repaired.
3. How the physician will repair the struc
ture.
4. What you must do in the rehabilitation
process to achieve full recovery.
The video features specialists in or
thopaedics for the knee and shoulder
using anatomic models to explain what is
injured, how it is injured (including com
mon mechanisms, signs and symptoms,
and progression of acute and chronic
injuries), and what they will do to repair
the structure. These segments are con
cise, informative, and presented in such a
way that the lay person is capable of
understanding the information. The
model demonstrations of the surgical
procedure by the physician are particu
larly helpful for the patient/athlete. I
found the demonstrations segment espe
cially informative and helpful in under
standing the function of the structure and
the surgical procedure.
All the basic steps of the rehabilitative
process are presented and demonstrated
Journal of Athletic Training
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in a simple, straightforward manner.
This is appropriate for the lay person, but
more specific information could be help
ful for the competitive athlete. Emphasis
on the communication among the injured
person, the physician, and the therapist
throughout the rehabilitative process is
an important aspect of this segment.
Physical therapists and certified ath
letic trainers should find the information
in these two videos pertinent and helpful
for their patient/athletes. Personal testi
monies specifically targeting the com
petitive athlete would broaden the im
pact of the material presented on the
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video, making it more pertinent for
those working with the competitive
athlete. Sports medicine and hospitalbased physical therapy clinics would
be the obvious settings for the use of
the videos. These videos would also be
a valuable resource in the more tradi
tional athletic training setting. Athletes
at the collegiate level and athletes and
parents at the secondary level would
benefit from the educational prepara
tion regarding the rehabilitation pro
cess.
These two videos could be useful as
supplemental resources to a therapeutic
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exercise class at the undergraduate level.
Athletic training students need to acquire
the skills necessary to be the medical link
between physician and athlete. These
two videos could complement this edu
cational competency for athletic training
students. Overall the videos are of a high
quality and accomplish the objective of
educating the injured patient/athletes
concerning their injury and rehabilita
tion.
Mark H. Alderman, MS, ATC
Ithaca College
Ithaca, NY
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