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Use It or Lose It
Richard Ray, EdD, ATC
At a time when so many things are going well for our profession, it might seem unsporting to raise another
issue we need to address. After all, education reform is well on its way, outcomes research supporting our
third-party reimbursement efforts looks good, and new niches for our services are being discovered every
year. The latest problem to which I refer is the fact—sad, but true—that too many athletic trainers are
abandoning a portion of their skills. In the most glaring example, surgical patients requiring rehabilitation
are referred to sports medicine clinics from educational institutions that employ athletic trainers who, had
they not abandoned their rehabilitation skills, might have provided this service. I don't believe that this is
a problem for the NATA to solve. Instead, I appeal directly to all those athletic trainers working in schools
and colleges who have chosen to abandon their rehabilitation skills.
Why does this problem exist? The most frequent excuse is "I don't have the time." Another common
lament is "I don't have the equipment." Although I am sympathetic to the conditions in which many school
and college athletic trainers work—I am one of you, after all—the fact remains that lack of time and
equipment are poor excuses for abandoning skills that constitute over 20% of the typical athletic trainer's job
responsibilities. In the typical athletic training room, most of the patients we see aren't seriously injured;
sprains, strains, and contusions account for the majority of injuries. Doesn't it make more sense to reorganize
our caregiving resources—especially our time—to ensure that we are also providing the care our most
seriously injured patients need? Lack of rehabilitation equipment is an equally empty excuse. The evolution
to rehabilitation techniques that emphasize closed kinetic chain exercise means that rubber tubing, lumber,
open space, and creativity are the only essential ingredients in most rehabilitation programs.
What are the implications of this problem? The most serious result is that our most important
constituencies—athletes, along with their parents and physicians—will come to view us as first aiders whose
skills extend only to taping ankles and cleaning wounds. We have battled this image for years, and the
continuing abandonment of school-based rehabilitation will only add to this misconception. We already fight
against the element of human nature that states that "something I pay for has more value than something I
get for free." If we encourage athletes to seek their rehabilitation elsewhere, we reinforce the notion that the
experts are, indeed, elsewhere. We abandon our own expertise, which, once gone, will be very difficult to
recover.
Athletic trainers still need to work within the context of the sports health care team. There are times when
the referral of rehabilitation patients is entirely appropriate. However, we should not allow ourselves to lose
sight of the fact that the rehabilitation of physically active people with surgical injuries is an entry-level skill
in our profession, a basic function of which we are all capable. We abandon the managed care model we
helped to pioneer over 40 years ago when we ship rehabilitation patients out to local clinics, creating expense
for both patients and schools (and padding the bottom line for clinics, which are often owned by national
corporations that are driven by the profit motive).
What can be done to reverse this trend? The most important action school- and college-based athletic
trainers can take is to make in-house rehabilitation the priority it was before the sports medicine clinic boom
of the 70s and 80s. To do otherwise is tantamount to giving away a portion of our expertise—expertise we
all worked very hard to develop. As we continue to redefine our profession, we ought to be more mindful
of the advice we so often give our patients: Use it or lose it.
Editor's note: Richard Ray is an Associate Editor of the Journal of Athletic Training and coordinator of
the Athletic Training Program at Hope College. He was cochair of the NATA Education Task Force.
Journal of Athletic Training
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A Survey of Lightning Policy in Selected
Division I Colleges
Katie M. Walsh, EdD, ATC; Michael J. Hanley, MS, ATC;
Susanne J. Graner, MA, ATC; Dwayne Beam, MA Ed, ATC;
Jim Bazluki, MAEd, ATC
Objective: The purpose of this research was to investigate
the hazards of lightning for participants in outdoor athletics and
to determine the existence of, and assess the nature of,
lightning safety policy at the collegiate level.
Design and Setting: We used data from the National Severe
Storms Laboratory in Norman, Oklahoma, and from a survey of
Division I institutions.
Subjects: The 48 National Collegiate Athletic Association
Division I (football) universities in Florida, Michigan, Pennsylva
nia, North Carolina, and New York.
Measurements: Athletic trainers at all of the selected 48
Division I institutions responded to the telephone survey.

A

lthough injury or death by lightning is not pervasive
throughout the United States, it should nonetheless be
a concern to those who are at risk. Lightning is most
abundant in the eastern half of the United States, occurring
most frequently between late spring and midautumn and
tending to strike most often between midafternoon and late
evening. 1 " 4 The seasonal propensities and time factors are a
concern for those who participate in outdoor activities. Inter
collegiate athletics traditionally hold practices from 3:00 PM
until dark in the fall and spring, and certain teams (ie, football,
soccer, softball, baseball, golf, and track) can be at increased
risk during the periods of elevated lightning occurrence.
The purpose of this study was to investigate the documented
hazard of lightning and to determine the existence of, and
assess the nature of, lightning safety policies within National
Collegiate Athletic Association (NCAA) Division I universi
ties.
BACKGROUND

Lightning Injury

The type of damage that lightning inflicts falls into two
categories: trauma due to the high temperature of the strike and
injury caused by the electromechanical forces elicited by
lightning. 5

Katie M. Walsh is director of sports medicine and athletic training,
Michael J. Hanley is head athletic trainer, and Susanne J. Graner and
Jim Bazluki are assistant athletic trainers at East Carolina University,
Greenville, NC 27858. At the time this research was conducted,
Dwayne Beam was graduate assistant athletic trainer at East Carolina
University. He is currently head athletic trainer at Belmont Abbey
College, Belmont, NC.
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Results: Florida, Michigan, Pennsylvania, North Carolina,
and New York led the country in lightning deaths and injuries
from 1959-1994. Only 8% (n = 4) of the institutions surveyed in
these states have a written policy regarding lightning safety.
Conclusions: This study demonstrated the lack of lightning
safety policy in the surveyed universities and the need for a
systematic plan of action to make fields safer for all who are
involved in outdoor sport activities.
Key Words: lightning injury, lightning safety, environmental
hazards, policies and procedures

Lightning has been reported to generate a temperature of
27,760°C (50,000°F), which is five times hotter than the
surface of the sun. 6 Contrary to popular belief, thermal burns
are rare in lightning injuries; most of these are associated with
metallic objects worn by the victim, such as a necklace, ring, or
watch. 6 ""9 An athlete can experience discrete characteristic
entry and exit wounds similar to burns when lightning strikes
dry skin, which offers more resistance to lightning than moist
skin does. 10
A specific type of burn, a Lichtenburg Figure, is common to
victims of lightning and resembles a feathering design on the
body. A Lichtenburg Figure is actually not a burn at all, but a
pattern on the skin from the electron avalanche that strikes the
body hit by lightning, causing an inflammatory dermal response. 3'8' 11 Lichtenburg Figures are transient and fade from
the body after 24 hours. 3'6
Electromechanical forces of lightning are related to the
strike's amperage and duration, to the resistance of the body,
and to a person's relationship to the strike. Amperage (A), the
rate of flow of an electrical charge, 11 ' 12 is directly related to
voltage and inversely related to the resistance in the current's
pathway. 7 Lightning commonly carries a charge of 2,000 A to
200,000 A. 6'7 In comparison, a current of 0.75 mA to 50 mA
applied to the heart experimentally will cause ventricular
fibrillation, and larger currents can cause asystole, with possi
ble subsequent spontaneous restoration of normal sinus
rhythm.2'6
The duration of exposure to lightning is related to current.
Unlike electricity, which is an alternating current (AC), light
ning is a direct current (DC). 13 The alternating current of
electricity causes tetanic contractions of skeletal muscles and
maintains a person's contact with the power source, prolonging
the duration of exposure. A DC volt causes a single, albeit
forceful, contraction followed by relaxation, and while the

connection with the power is intense, it is minimal in duration. 6
Lightning typically has a contact time of 0.1 milliseconds to
0.3 milliseconds, compared with the sustained duration asso
ciated with electrical injury. 10' 14' 15
Resistance of the body is critical to the tissue insult
experienced by a strike victim. Lightning, like electricity,
follows the path of least resistance. 16 The higher the moisture,
thickness, and vascularity in a specific tissue, the greater the
risk of damage. 5'6 The most resistant tissues in the human body
are (in descending order) bone, fat, tendon, skin, muscle, blood
vessels, and nerves, with the last being the most susceptible to
injury and trauma. 3 '6' 15 ' 16 A sweating athlete is at greater risk,
because water has an affinity for lightning. An athlete who is
sweating is more likely to sustain greater damage from the
same amount of lightning than a coach who is not perspiring. 15
It has been reported that lightning has caused sweat to vaporize
with such speed that clothing has been blown off with the
explosive evaporation of the water. ! 1 Indeed, many hikers have
been found dead of an alleged assault (with clothes apparently
torn off) and subsequent heart attack, when it was more
probable that the victim was a lightning fatality.4
The relationship of a person to a lightning strike is also a
function of the electromechanical forces of lightning. A direct
strike that occurs when a person is the primary point of contact
is the most fatal of strikes. 13 The risk of a direct strike is
increased when an individual is in contact with metal, such as
carrying a golf club or sitting on metal bleachers. 3 ' 17 A side
strike is a bolt that hits another person or object and then the
victim. The side strike is the most common form of lightning
strike and is also known as a flash or splash, 10 because the
force can "splash" over the victim. The third type of strike is
the ground strike, in which lightning strikes the ground and
travels along the ground or through puddles to the victim. If
athletes are grounded, such as by wearing metal cleats or
standing in water, the electrical current is more likely to pass
through them than splash over, and it could create more tissue
damage. 14 It is common to have one strike affect multiple
victims, especially when large numbers of people are in a small
area, such as a practice field. J l
Further injuries from lightning can occur due to the air
explosion generated by the lightning discharge. 18 This concussive
property of lightning can propel bodies several feet, creating
secondary injuries, such as blunt trauma to the head, thorax, and
abdomen, or fractures of the extremities. It has been reported that
50% of victims suffer at least one ruptured tympanic membrane
due to the violent sonic discharge of the strike. 16' 18
Thermal and electromechanical forces of lightning contrib
ute to the damage associated with lightning injury and fatali
ties. It is important to consider these effects when treating a
lightning victim, because the type of injury sustained, although
electrical in nature, is quite different from electrocution.
Medical Complications
Medical conditions caused by lightning are of special
concern to the athletic trainer. The most common response to
lightning strike is cardiac asystole due to the defibrillation
properties of lightning, in conjunction with respiratory ar

rest.4'7'8' 10' 15 ' 19 The heart is likely to spontaneously restart, but
not if the victim is still experiencing anoxia.4'8 ' 11 Death by
asystole secondary to hypoxia is the most common cause of
death to lightning victims; however, it has been found that the
continuance of apnea, rather than the duration of asystole, is
the critical element in morbidity and mortality.6'7' 11
Further medical trauma can include vasomotor instability;7
blunt trauma, including fractures4'6' 19 and internal organ dam
age;6 brain lesions and hypoxic encephalopathy due to cardiac
arrest; 1 ruptured tympanic membranes; 13 ' 16 seizures;6'8' 10 subdural and epidural hematomas; 6' 10'20 anterior compartment
syndromes;9 and ocular problems, including hyphemas and
fixed and dilated pupils. 8 Transitory lower limb paralysis was
found to occur in 69% of lightning victims, loss of conscious
ness in 72%, and confusion and amnesia in 86%. 1>5 '8' 15
Treatment
Although the mortality rate for lightning injuries is 30%, 75%
of individuals who sustain asystole when involved in a lightning
incident do not survive.4 It is imperative to begin and sustain
cardiopulmonary resuscitation (CPR) as soon as possible follow
ing a lightning strike.7 In triage situations this task becomes
formidable, because first responders are trained to treat the
"living" and leave the "dead" alone. In lightning trauma, the
opposite is true. Studies have recorded patient revival following
prolonged pulselessness and apnea.7'8' 11 First aid to the victims
who appear dead can reverse cardiopulmonary arrest. 10' 11 ' 15
Athletes who are struck by lightning and are unconscious have
fixed and dilated pupils, cold extremities, and absent pulses and
breath sounds; they must have CPR administered immediately,
because these signs are common to victims who recover fully. An
athletic trainer must also always consider possible cervical spine
trauma when treating unconscious victims.7
When providing medical assistance to a lightning victim, it
is important to note that unlike electrical injury victims,
lightning victims do not carry a charge. However, a rescuer
should be concerned with the possibility of a second strike in
the immediate area. In addition, there should be a consideration
of mass injuries if the strike hits during a team practice, since
it has been reported that nearly 70% of lightning fatalities
involve a single victim, 15% include groups of two victims,
and 15% affect three or more victims. 7

METHODS

This study involved data regarding lightning injuries or
deaths in the 48 continental United States. Utilizing published
data supplied from the National Severe Storms Laboratory
(NSSL) in Norman, Oklahoma, the top five states with reported
lightning injuries or deaths in the 35-year span from 1959 to
1994 were selected for this study. 21 The states involved and
their combined injuries and deaths are as follows: Florida
(1522), Michigan (732), Pennsylvania (642), North Carolina
(630), and New York (578), for a total of 4,104. This represents
31% of the 13,012 reported injuries or deaths from lightning in
the contiguous United States over the same period (Figure).
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Table 2. Incidence Of Written Lightning Policy in Division I
Universities in Specific States

• <.....-• . ..
State

Number of
Number of Lightning
Number of
Universities in
Incidents in State
Universities with
State in
1959-1994 (Injuries
Written Policy
Survey
+ Deaths)

Florida
Michigan
Pennsylvania
North Carolina
New York
Totals

1522
732
642
11
,,. •-,;:
"•'•'*" 630
14 •*''

0
0
3
1
0
4

6
5

578
4104

12
48

Lightning deaths and injuries in the United States from 1959 to
1994, excluding Hawaii (3) and Alaska (O)21 (published courtesy of
the National Oceanic and Atmospheric Administration).

answer for some of the questions asked in the survey. Because
of the latter situation, many of the numbers in the results do not
add up to the total number of institutions questioned.
The presence of lightning policy was determined by indi
When asked if their institution had a specific plan in reaction
vidual colleges within each state identified for the study. We
to lightning, 17 (35%) of the universities polled reported that
limited our focus to NCAA Division I institutions, because
the athletic trainer was the person identified to suspend practice
they are known to be policy driven. The NCAA governs all
when threatening weather was imminent, whereas five institu
aspects of an athlete's tenure while a participant in intercolle
tions (10%) identified the team coach as the individual who
giate athletics, from amount of time on the playing field to
suspended activity. The remaining 18 (37.5%) indicated that
number of contact hours with coaches and specific grade point
both athletic trainers and coaches were authorized to discon
average requirements for continued participation. The NCAA
tinue activity (Table 3). When both the coach and athletic
Division I Operating Manual is so dynamic that it is published
trainer were listed as staff who had the prerogative to remove
annually with changes, and all coaches must pass a written
athletes from dangerous weather, the decision could be made
examination prior to contact with prospective student-athletes.
by either individual or jointly. Respondents who listed their
It is this attention to policy that led us to narrow our focus to
coaches as the persons with the power to end practice had
the Division I level of athletics. Division I status was ascer
mixed feelings about this arrangement. Three athletic trainers
tained by an institution's football division (both Division I-A
specifically reported that their coaches were extremely conser
and I-AA were included in the study) and was obtained from
vative when it came to lightning and would clear the field
the 1995-1996 National Directory of College Athletics (men's
without hesitation when faced with a lightning storm. An equal
edition). 22 A total of 48 universities were identified for
number of athletic trainers said their coaches were rather
inclusion in this study.
reluctant to interrupt practice due to lightning and might be
A staff athletic trainer from each identified college was
expected to place their staff and team in jeopardy by remaining
contacted by telephone. The staff athletic trainers were con
on the field despite dangerous weather conditions.
sidered to be the most appropriate point of contact, because
Procedures for clearing players from the fields were avail
they should be cognizant of any safety policy regarding their
able from 30 institutions. The most common response to the
athletes. The survey instrument appears in Table 1.
question concerning when practice was called off was "when
lightning was seen," as 19 athletic trainers (63%) stated in their
RESULTS
response to the question. Eight others (27%) reported using
"common sense" or their "judgment" when calling off a
One hundred percent of the universities in the survey
practice. "Visual danger," "hearing thunder," or "lightning in
participated (48 out of 48) in the telephone interview. The
the area" were the three other replies (10%). The method used
results show that 92% of the institutions (n = 44) queried in the
to clear the field was similar to informing adjacent practice
survey had no formal, written lightning safety policy (Table 2).
fields about the impending danger and was undertaken by 12
Eight of those universities (18%) had no plan whatsoever in
response to a lightning situation, and others did not have an
Table 1. Telephone Survey Questionnaire
1 . Do you or does your department have a policy regarding
lightning? If "yes," is it in writing?
2. Do you have a specific safety plan in the event of lightning?
3. Who is in charge of recognizing a potential lightning danger?
4. Who is in charge of calling off practice?
5.'When is a practice postponed or called off?
6. How is the field cleared (what signal)?
7. How is the lightning danger communicated among the practice
fields?
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Table 3. Who Is in Charge of Recognizing Danger and Calling Off
Practice in the Event of Lightning?
State (*)
Florida (6)
Michigan (5)
Pennsylvania (11)
North Carolina (14)
New York (12)
Totals (48)

Athletic
Trainer

Coach

ATC or Coach,
or Both

0
0
5
7
5
17

3
0
1
1
0
5

1
5
1
5
6
18

* Number of institutions polled.

universities. Procedures involved using handheld radios (n = CONCLUSIONS
4), whistles (n = 3), horns (n = 2), and a cellular phone (n =
A population's level of awareness and sophistication of
1). Two other institutions allowed athletic trainers on each field
teams are vital to survival of lightning strikes. 23
medical
to make the decision as to whether or not to leave the field in
athletic programs have the medical teams necessary
I
Division
a storm; therefore, no communication between athletic trainers
victims, but, according to this study, lack the
lightning
treat
to
was maintained.
a written policy. Our survey demonstrated
of
sophistication
Two of the universities with written policies created their
position statements recently due to a dangerous lightning event that many are aware of the potential danger in lightning but
occurring on campus from a lack of guidelines. Two of the four choose to use their "common sense" to decide when to vacate
institutions that had written policies detailed specific informa a field, rather than establishing a written policy to follow.
The review of the literature in this study clearly demon
tion in their plans concerning which safe shelter a given team
the danger of lightning and its potential involvement in
strates
should adjourn to in the event of lightning danger. They failed,
athletics. Further, the results of the survey indicate a
outdoor
however, to mention who has the authority to make the
of written safety instructions and a reliance merely
lack
clear
decision to vacate the field and under what conditions termi
to protect athletes and support staff from
judgment"
"good
on
nating the practice should occur. Another policy was ambigu
ous in its language, stating only that coaches should "take the perils of lightning. This approach to lightning safety is
appropriate measures" to ensure the safety of their charges, reactive, rather than proactive. Liability concerns in today's
without indicating what "appropriate measures" were. The litigious climate require that we establish, enforce, and practice
fourth policy was written only for a specific venue, and the guidelines for lightning safety in the collegiate athletic setting.
remainder of the athletic teams at the institution were held to a
verbal understanding of cooperation between the athletic
trainer and coach or official.
ACKNOWLEDGMENTS
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Georgia, although not included in this study, ranks eighth in
the United States in lightning injuries and/or deaths from 1959
to 1994 with 411 casualties. 21 It is surprising then that, when
the Centennial Olympic Games were hosted by Atlanta, there
was no official lightning policy that outlined when to postpone
an event. Lightning kills more people each year than hurricanes
and floods combined, but it kills typically in a singular pattern
without the media exposure that other natural disasters
have. 2'23 The exact number of lightning injuries or deaths
occurring each year is unknown due to the lack of a systematic
national tracking method. 2'6'24'25 Currently, The National Oce
anic and Atmospheric Administration utilizes "Storm Data"
gathered primarily from articles in newspapers to ascertain
annual lightning injuries and fatalities. 24'25 If an injury goes
unreported in a local newspaper, or if the article is not seen by
a researcher, there is a strong likelihood that the injury will
remain undetected. Annual lightning injuries in the United
States have been reported to range from 174 to several
thousand2' 14'25 and fatalities from 100 to 600. 9' 14'23'25'26 This
number may be severely underestimated, possibly by 30% for
fatalities24 and 42% for injuries, 27'28 since many lightningrelated deaths are attributed to heart failure and not all persons
with lightning injuries seek medical attention. 6'8
Although there are no means of tracking lightning injuries or
deaths of athletes, one should not complacently ignore the
danger of the phenomenon. Since lightning strikes most often
during the time of day that athletic teams practice, 1 " 4 it is
imperative to appreciate the fatal propensities of a strike. Our
results clearly indicate a lack of initiative in the prevention of
lightning injury. The states surveyed are the leaders in light
ning death and trauma over a 30-year period, and although our
sample was small (only Division I football universities), the
findings are profound.
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The Efficiency of Tools Used To Retract a
Football Helmet Face Mask
Kris E. Knox, MS, ATC, EMT; Douglas M. Kleiner, PhD, ATC, LAT, FACSM
Objective: The purpose of this study was to evaluate time,
head movement, and ratings of satisfaction with several pop
ular tools used for retracting a football helmet face mask.
Design and Setting: Subjects retracted the face mask using
a Phillips screwdriver, a Trainer's Angel, and an anvil pruner. A
utility knife had to be eliminated from the study after the first
two subjects were injured.
Subjects: Five certified athletic trainers, five emergency
medical technicians, and five student athletic trainers retracted
a face mask with each tool.
Measurements: Time was measured by stopwatch and
movement by a force platform. Efficiency was calculated from
total time and radial area. Ratings of satisfaction were reported
by the subjects.
Results: There was no difference in the total time to retract
the face mask using the three tools. Movement was signifi

T

he current practice in the management of an injured
football player with a suspected spinal injury is not to
remove the football helmet. 1"4 Certified athletic trainers
(ATCs) are instructed to remove or retract only the face mask
to gain access to the athlete's airway. Often, however, the
standard operating procedure for emergency medical techni
cians (EMTs) is to remove the helmet completely. 1 '5 One
possible reason for this difference in protocols and training
may be that EMTs are confronted with a similar situation in the
event of a motorcycle accident. 6 In this instance, there being no
alternative methods for gaining access to the victim's airway,
the helmet must be removed.
The design of the football helmet, however, is quite different
from that of a motorcycle helmet. The face mask of the football
helmet is secured to the helmet with four plastic loop straps that
can be cut or removed, thus allowing the face mask to be retracted
or removed.7 When the two lateral loop straps are cut or removed,
the face mask can be retracted or "swung away," using the two
anterior loop straps as a hinge. 1 '2'8'9 This design enables medical
personnel to gain access to the airway and vital areas of the face
for examination and to administer emergency care to the athlete
without having to remove the helmet. It is also important that the
helmet not be removed unless the shoulder pads are removed
simultaneously to limit movement. Reducing movement of the
athlete's head and neck is of primary importance since it is
believed that any additional movement that occurs during face
mask retraction can cause further damage to the athlete with an
injury to the cervical spine. 1 '3

Kris E. Knox is head athletic trainer at Decatur Memorial Hospital,
Decatur, IL. Douglas M. Kleiner is assistant professor and director of
the Sports Medicine-Athletic Training Education Program at the Uni
versity of North Florida, Jacksonville, FL 32224-2645.

cantly (p < .05) greater with the Trainer's Angel than with the
anvil pruner or screwdriver. Subjects were more satisfied with
the anvil pruner than the Trainer's Angel or screwdriver. When
grouped by the subjects' credentials, there were no differences
in time or rating of satisfaction among the certified athletic
trainers, emergency medical technicians, or student athletic
trainers, but there was a difference for movement. The student
athletic trainers produced the least movement and the certified
athletic trainers produced the most.
Conclusions: It is suggested that the skill of face mask
retraction be learned and practiced.
Key Words: loop straps, first aid, athletic injury, safety
equipment

Several tools have been mentioned in the literature that may
be used to remove the loop straps that secure the face mask to
the helmet;2'4'9 " 13 however, little research has examined the
amount of head and neck movement that occurs during face
mask retraction with these various tools. Thus, many of the
suggestions that have been proposed regarding which tool
might be best have little or no scientific foundation related to
the athlete's safety.
One method mentioned for face mask removal or retraction
is to remove the loop straps with a screwdriver (SD). This
seems logical since the loop straps are fastened to the helmet
by a T-bolt, a washer, and a screw; however, during the length
of a football season moisture can rust the screws and T-bolts,
making them difficult to remove with a screwdriver. 9 In other
cases, the T-bolt holding the screw can turn as the screw is
being removed. Hence, the effectiveness of a screwdriver is
limited and unreliable.
Another recommendation is to use a sharp knife, scalpel, or
utility knife to cut the loop straps. 9' 14' 15 The problem with
using a sharp tool to cut the loop straps is that athletic trainers
may slip and cut athletes or themselves. 9' 12 There also may be
excessive movement of the head and neck if the athletic trainer
slips while trying to cut the straps. 15 Furthermore, loop straps
are now made of harder materials that make them more
difficult to cut. 12
It has also been suggested that a spring-loaded anvil pruner
(AP) (Fig 1), a wire cutter, or a ratcheted PVC pipe cutter be
used to remove the loop straps. 9' 15
Currently, the most popular and widely used tool for face
mask retraction is the Trainer's Angel (TA) (Trainer's Angel,
Riverside, CA). 2' 10 In one study, 10 54% of the ATCs who were
surveyed (n = 50) reported that the TA is the tool that they
carry for face mask retraction. The TA is the only tool
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Fig 1. The anvil pruner.

currently available that is specifically designed to cut the loop
straps that secure the face mask to the helmet.
The purpose of this study was to compare the tools used for
face mask retraction for the time that it takes to remove the
loop straps and the resulting amount of head movement. This
study also attempted to identify the subjects' satisfaction with
the various tools and whether the subjects' experience or
training influenced their ability to retract the face mask.
METHODS

Five entry-level student athletic trainers (SATs) with less than
100 hours of athletic training clinical experience volunteered to
participate in this study. Five EMTs and five ATCs with experi
ence providing medical services to football players also volun
teered to participate in this study. In addition, one subject
volunteered to serve as a model representing an unconscious
football player with a suspected cervical spinal injury. Each
subject used the three tools to retract the face mask in random
order. The tools used in this study were a Phillips screwdriver
(SD), a TA, and a modified AP. The AP was modified by shaving
the anvil block to make the tip concave to match the convex shape
of the face mask bar. This enabled the AP to rest on the face mask
bar while cutting the loop strap (Fig 2).

Fig 2. The anvil pruner cutting a loop strap where the modified anvil
block is resting on the face mask bar.
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After viewing videotaped instructions and a demonstration
of the proper technique for using each tool, subjects were given
time to familiarize themselves with the tools and allowed to
practice cutting previously discarded loop straps. The subject
was then escorted to a different room where the model was
already lying on a force platform covered with artificial turf.
The model was fitted with shoulder pads and a football helmet
to which the face mask was secured by four Schutt (Litchfield, IL)
ArmorGuard polyethylene loop straps. The model was lying
supine with his head placed on a force platform. The center of
pressure was calculated from the force platform data and was used
to describe head movement. From the center-of-pressure data, the
radial area was calculated (cm2), as well as the average movement
and velocity along the x-axis and y-axis (cm and cm/sec, respec
tively). The force platform data were sampled at a rate of 50 Hz.
Electromyographic surface electrodes were attached to the mod
el's left and right sternocleidomastoid and upper trapezius mus
cles. Electromyographic data were sampled at a rate of 200 Hz
and were examined to ensure that the model neither assisted nor
resisted the subject's attempts to stabilize his head while retracting
the face mask.
One of the three tools was placed next to the model's helmet
in random order. The subject picked up the tool and retracted
the face mask by cutting or removing the two lateral loop straps
and then retracting or "swinging away" the face mask using the
two anterior loop straps as a hinge. The subjects were in
structed to retract the face mask quickly and with as little
movement to the model's head as possible.
Two independent investigators used a stopwatch, recorded
to the nearest tenth of one second, to determine the time that it
took to complete the task. Data collection began when the
subject picked up the tool to begin the trial and ended when the
face mask was fully retracted. Time data were divided into
three phases: time to cut or remove the two lower loop straps,
time to retract the face mask, and total time for retraction (sum
of the first two variables). The three times were used to gain a
better understanding of the efficiency of each tool. It is
possible that total time could be similar among tools, but that
one tool could take longer to cut or remove the loop straps,
while taking less time to retract the face mask. While that
information may not appear to be clinically relevant, it is very
important in the design of new tools.
After each trial, the subjects were also instructed to rate their
satisfaction with the tool (ie, comfort of the tool, ease of using
the tool, and their effectiveness in using the tool) on a ten-point
scale. The face mask was then replaced with new hardware and
the procedure was repeated for the other two trials.
A score of efficiency was calculated by the investigators
(s X cm2 -MO, where s = time and cm2 = movement) and was
used to describe both time and movement.
A mixed factor (tool X training) analysis of variance
(ANOVA) with repeated measures was used to test for signifi
cance between tools and qualifications. Tukey's post hoc test was
used to determine any individual differences among significant
main effects. The data are presented as means (± standard
deviation). The level of significance was set at p < .05.

RESULTS

Time Data
The time to retract the face mask was separated into three
categories: time to cut or remove the loop straps, time to retract
the face mask after the loop straps were cut or removed, and total
time. Analysis showed no significant difference (F(2,24) = 0.74,
p — .486) in the time for total retraction using the three tools.
However, significant differences were identified when the total
time was separated into its components of time to cut or remove
the loop straps and time to retract the face mask (F(2,24) = 3.61,
p < .05, and F(2,24) = 6.24, p < .05, respectively).
The analysis of the time that it took to cut or remove the loop
straps demonstrated a significant tool effect (Table 1). Post hoc
evaluation revealed that the times for the AP and TA were
significantly different from the times for the SD, with means of
31.22 (± 22.19), 31.63 (± 14.46), and 41.55 (± 10.32)
seconds, respectively.
Once the loop straps were cut or removed, the time it took to
retract the face mask was also analyzed. A significant differ
ence was again present among the means of the different tools
(Table 1). The AP (22.32 ± 14.20 seconds) took significantly
longer to retract the face mask than the SD (7.57 ± 4.50
seconds) or the TA (13.39 ± 11.78 seconds).
Analysis showed no difference in the mean amount of time
that it took for total retraction using the three tools: 49.12 (±
10.46), 45.02 (± 19.39), and 53.53 (± 32.39) seconds for SD,
TA, and AP, respectively (Table 1).

data from the AP and the SD, with no difference between the
data from AP and SD (Table 2).
The analysis of the X deviation only, reflecting neck lateral
rotation, revealed no significant difference (F(2,24) = 2.76, p =
.085) among the tools: 1.75 (± 0.75), 2.22 (± 1.13), and 1.84 (±
0.92) cm, for SD, TA, and AP, respectively (Table 2). However,
the analysis of the Y deviation alone, reflecting flexion and
extension of the neck, demonstrated a significant tool effect
(F(2,24) = 4.14./7 < .05) with the TA being significantly greater
than the SD, with values of 3.48 (± 1.52), 4.72 (± 2.41), and 3.99
(± 1.82) cm, for SD, TA, and AP, respectively (Table 2).
Rating of Satisfaction

The data revealed that a significant difference (F(2,24) =
7.43, p < .05) existed for the subjects' ratings of satisfaction
among the SD, TA, and AP, with mean ratings of 3.8 (± 2.5),
4.5 (± 2.3), and 6.9 (± 1.7), respectively (Fig 3). The AP was
rated significantly better than the SD and TA, although no
difference existed between the SD and the TA.
Efficiency

Efficiency data were not statistically different from each other
(F(2,30) = 2.35, p = .114). A lower efficiency score meant the
tool was more efficient. Mean scores were 12.29 (± 10.25), 9.43
(± 6.84), and 8.22 (± 5.39), for the TA, AP, and SD, respectively
(Fig 4).
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Effects of Credentials
Movement Data

No electromyographic activity was observed from the sur
face electrodes placed on the model, indicating that the model
neither assisted nor resisted the subject. Thus, all movement
data reported herein were attributed to the subject or tool as a
direct result of retracting the face mask. The analysis of the
radial area of the center of pressure on the force platform
showed a significant (F(2,24) = 7.07, p < .05) tool effect
among SD, TA, and AP (1.03 (± 0.87), 2.52 (± 1.27), and
2.04 (± 1.00) cm 2 , respectively). Post hoc tests revealed that
the mean data from the TA were significantly greater than the

;-.->••? ,.:,ij

-

••£•

There were no significant differences among the three
groups of subjects (SATs, ATCs, and EMTs) for any of the
time variables (F(2,12) = 0.10,/? = .903; F(2,12) = 0.16, p =
.856; and F(2,12) = 0.05, p = .952, for cutting or removing,
retraction, and total time, respectively). Mean times to com
pletely retract the face mask were 51.1 (± 22.2), 48.5 (± 17.8),
and 48.1 (± 20.7) seconds for SATs, ATCs, and EMTs,
respectively. Time data are presented in Table 1.
The analysis did reveal a significant (F(2,12) = 7.08, p <
.05) group effect for movement (radial area) among SATs,
ATCs, and EMTs, with values of 1.18 (± 1.06), 2.91 (± 0.77),
and 1.98 (± 0.58) cm2, respectively. Tukey's post hoc test

Table 1. Mean (± standard deviation) Time To Remove the Face
Mask by Tool and Group

Tool

Credential

Time To Cut
or Remove
Loop Strap
(sec)*

SD*

SAT
ATC
EMT
SAT
ATC
EMT
SAT
ATC
EMT

42.84 (9.72)
41.07(13.48)
40.74 (9.68)
27.98(11.51)
36.57(15.04)
30.35(17.99)
39.83 (23.82)
21.26(7.74)
32.56 (29.62)

TA*

AP*

Table 2. Mean (± standard deviation) Movement by Tool and
Group

Time for
Retraction
(sec)*

Total Time
(sec)

6.19(3.54)
7.29 (3.73)
9.24(6.19)
8.00 (5.46)
17.55(18.63)
14.61 (7.00)
28.54(16.12)
21.80(15.63)
16.61 (10.56)

49.03(10.88)
48.36(13.24)
49.97 (9.38)
35.98(16.56)
54.13(25.28)
44.96(14.04)
68.37 (39.00)
43.06(14.89)
49.17(38.65)

* Indicates a significant (p < .05) difference between groups.

Tool
SD*

TA*

AP*

Credential

X Deviation
(cm)

Y Deviation
(cm)*

Radial Area
(cm 2)*

SAT
ATC
EMT
SAT
ATC
EMT
SAT
ATC
EMT

1.13(0.93)
2.40 (0.47)
1.60(0.08)
1.49(1.39)
2.93(1.20)
2.10(0.30)
1 .32 (1 .22)
2.72 (0.23)
1 .39 (0.33)

2.03(1.70)
4.56 (0.90)
3.57 (0.98)
2.81 (2.94)
6.00(2.10)
4.96(1.50)
2.67 (2.44)
5.54 (0.65)
3.49 (0.88)

1 .03 (0.87)
2.46 (0.76)
1.45(0.25)
1.32(1.27)
3.39 (0.94)
2.60 (0.84)
1 .20 (1 .04)
2.87(0.61)
1 .89 (0.65)

* Indicates a significant (p < .05) difference between groups.
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most efficient), with scores of 14.95 (± 8.70), 9.32 (± 5.62),
and 4.38 (± 4.18), respectively. The ATC data were signifi
cantly different (F(2,30) = 8.41, p < .05) from the data of the
other two groups (Fig 4).
DISCUSSION

AP*
TOOL

Fig 3. Mean (± standard deviation) subjective ratings of satisfac
tion by tool and group. * indicates a significant (p < .05) difference
between groups.

*

1

AP
TOOL

Fig 4. Mean (± standard deviation) scores of efficiency by tool and
group. * indicates a significant (p < .05) difference between groups.

demonstrated that the radial area of the center of pressure from
the ATCs was significantly higher than that from the SATs. No
differences existed between the SATs and EMTs or between
the ATCs and EMTs. Further analysis revealed that the ATCs
caused significantly more movement in the X (F(2,12) = 5.49,
p < .05) and Y (F(2,12) = 4.72, p < .05) directions than the
SATs. No difference existed between the SATs and EMTs or
between the ATCs and EMTs for either X or Y movement.
Rating of satisfaction was not different among experience
levels (F(2,12) = 1.35, p = .296). Mean values were 5.27 (±
2.63), 4.47 (± 2.56), and 5.53 (± 2.42) for ATCs, EMTs, and
SATs, respectively (Fig 3).
Efficiency data showed the ATCs to be the least efficient
group (the EMTs being more efficient and the SATs being
214
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The original purpose of the study was to compare four different
tools (SD, TA, AP, and a utility knife) for their efficiency at
removing the loop straps that secure the face mask to a football
helmet. However, the utility knife had to be eliminated from the
study after the first two subjects (one ATC and one SAT) were
injured while using the tool. The data from those subjects were
withdrawn.
The results indicated that it took longer for the SD to remove
the loop straps than it did for the TA or the AP to cut the loop
straps. However, it took significantly less time to retract the
face mask when the loop straps were removed with the SD than
it took when the loop straps were cut with the TA or AP,
illustrating the importance of measuring cutting or removal
times, retraction times, and total retraction times. These data
suggest that it does not take any longer to retract the face mask
with the SD than it takes with the TA or AP and that less head
and neck movement may occur while doing so.
Another ATC had to be replaced (and his data withdrawn)
after he damaged the screw and failed to remove the loop strap
using the SD. During this trial the ATC was unable to remove
the screw, because the T-bolt in the back of the helmet began
to spin along with the screw. The ATC tried to remove the
upper two loop straps, but again the T-bolt began to spin. The
trial was ended when it became apparent that the SD would not
be able to remove the screw, this only after several unsuccess
ful attempts had been recorded. If the SD failed to remove the
loop strap under these ideal conditions (a quiet, environmen
tally controlled laboratory with new screws and T-bolts), then
it cannot be considered a reliable tool for use in the field. If
rescuers had no other tools available for retracting the face
mask, then they would be forced to remove the helmet and
place the athlete at further risk for injury. Thus, we suggest that
if the medical personnel wish to continue to use a SD to
remove the loop straps, then it is important for another tool to
be readily available in the event that the SD fails.
Significant differences were found when the total time to
retract the face mask was segmented into time to remove or cut
the loop straps and time to retract the face mask. This study
demonstrated that the subjects using AP and TA were signif
icantly faster in cutting the loop straps than were the subjects
using the SD to remove the screw and the entire strap. Once the
loop straps were cut or removed, the trials for the subjects
using the AP took longer to retract the face mask than did the
trials for the subjects using the TA and SD. This would indicate
that subjects had difficulty maneuvering the face mask around
the residual loop strap attachments once they had been cut.
With the SD there was little chance for the face mask to
become caught on any residual strap while being retracted,
since the loop straps were removed in their entirety.
Several assumptions were made in using the force platform
data to determine head movement. The first assumption was

that the movement of the head reflects the movement in the
spine. In this study, the radial area of the helmet moving on the
force platform was used as an estimate of movement in the
cervical spine region. Since the helmet was properly fitted, any
movement of the helmet should have reflected movement of
the model's head. The maximum amount of head movement
that can be inflicted by the rescuer without causing further
damage to the athlete has not yet been determined. Therefore,
it is not known whether the values recorded in this experiment
would have been above or below this hypothetical threshold.
The literature states that, when a neck injury occurs, if the
cervical spine is moved as little as 1 mm there is an increased
risk of causing further damage to the athlete. 16 The values
recorded in this experiment can be compared only among
groups, and no conclusions should be drawn as to whether the
amount of movement that occurred was safe. The general
principle is to cause as little movement as possible to the head
and neck of an individual suspected of having a cervical injury.
Using this theory, the tool and group that caused the least
amount of head movement would be more desirable.
One possible reason for the difference in movement between
the ATCs and the SATs was that the ATCs could have been more
concerned with retracting the face mask quickly, whereas it
appeared that the SATs were more concerned about the amount of
movement and took greater caution while cutting the loop straps.
Even though there were no differences in the time it took to retract
the face mask, there was a difference in the amount of head
movement. The difference in the model's head movement may
have occurred because the SATs made better cuts than did the
ATCs. When the times for retraction data were compared, it
showed that the SATs took only 8.00 ± 5.46 seconds to retract the
face mask after the cuts were made with the TA, while the ATCs
took 17.55 ± 18.63 seconds to retract the face mask. It would
appear that the ATCs had a more difficult time in retracting the
face mask for this condition than did the SATs. However, since
each group of subjects was such a small sample, these data may
not be a true representation of the population. In addition, the use
of only one rescuer could be considered a limitation of our study.
We purposefully chose not to have two rescuers in our study to
avoid introducing either a confounding variable or any influence
the second rescuer might have had on the results. Additionally, the
subjects in this study were not permitted to use their knees to
stabilize the model's head since use of the knees would have
interfered with the collection of data on the force platform. We
believe that it is possible for athletic trainers to be required to
retract a face mask without having qualified assistance in stabi
lizing the head. We do not believe that having only one rescuer
detracted from the purpose of this study, which was to evaluate
differences between tools and subjects' qualifications.
The efficiency data are important because of the limited
number of investigations that have evaluated time and move
ment together. Efficient retraction of the face mask must
include both time and movement components.
CONCLUSIONS

Several conclusions can be drawn from this study. First, this
study demonstrated a difference in tools that warrants further

research. In this experiment the utility knife was found to be
unsafe; it should not be used for retracting a face mask. The SD
can be a good tool with regard to limiting movement, but it proved
to be unreliable. The AP showed promise, but a proper technique
for cutting the loop straps must be employed to increase effi
ciency. In this study, the TA was not very impressive and
produced more movement than any other tool. Our data also
revealed a difference in subject groups, with ATCs allowing the
most movement and, as a result, being the least efficient. Retract
ing the face mask carefully is as important as retracting it quickly.
Certified athletic trainers are not automatically proficient in face
mask retraction by virtue of their certification. In conclusion, we
agree with the recommendation to retract or remove only the face
mask and not to remove the helmet itself. However, we believe
that additional research is needed in the area of face mask
retraction and removal. We suggest that current protocols undergo
more scientific validation and that new protocols and new tools be
based on efficiency. Lastly, it is hoped that this study will promote
greater awareness of the potential problems that can occur when
retracting a football helmet face mask. Face mask retraction is a
skill that must be learned and practiced.
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Leg Rotation and Vastus Medialis Oblique/ *
Vastus Lateralis Electromyogram Activity I
Ratio During Closed Chain Kinetic Exercises
Prescribed for Patellofemoral Pain
John P. Miller, PhD, ATC; Daniel Sedory, MS, ATC; Ronald V. Croce, PhD
Objective: To examine the effect of leg rotation on the vastus
medialis oblique/vastus lateralis (VMO/VL) electromyogram
(EMG) activity ratio during two closed chain knee extension
exercises prescribed for patellofemoral pain syndrome (PFPS).
Design and Setting: Subjects performed step-up/stepdown (SUSD) and modified wall-slide (MWS), exercises with the
leg neutral (SUSD/N, MWS/N), internally rotated (SUSD/I,
MWS/I), and externally rotated (SUSD/E, MWS/E), respectively,
for determination of root mean square EMG.
Subjects: Six athletically active females symptomatic for
PFPS and nine athletically active asymptomatic female control
subjects.
Measurements: The EMG activity of the VMO and the VL
was collected while the subjects performed the exercises. Root

T

he effect of tibial (leg) rotation on quadriceps activity
has been examined by various researchers. 1 "4 An early
study by Wheatley and Jahnke4 determined that lateral
rotation of the tibia increased vastus medialis function. How
ever, more recent research indicates that internal rotation of the
tibia increases activity of the oblique fibers of the vastus
medialis (VMO). 1 '2 The ability to manipulate muscular recruit
ment would be beneficial to athletic trainers and therapists
when treating knee pathologies such as patellofemoral pain
syndrome (PFPS).
PFPS is a condition, commonly found in athletes, that
manifests as pain in the anterior portion of the knee. 5" 8 It can
be caused by a variety of factors, including quadriceps weak
ness (specifically of the VMO), increased Q angle, overuse,
and lateral retinaculum tightness.9 "" Conservative treatment
consists of exercises that are designed to decrease patellofemo
ral joint irritation and pressure, based on the tenet that PFPS is
caused by excessive patellofemoral pressure.7 Exercises em
ployed include isometric setting exercises, straight-leg raises,
and short-arc terminal knee extensions.6' 10' 12" 16 However,
whether the benefits of these exercises transfer to athletic
activities is questionable. More functional treatment utilizes
closed chain exercises, which emphasize strengthening of the
VMO to enhance patellar stabilization. 17
McConnell 17 reported significant improvement in PFPS
using closed chain exercises. These exercises are designed to
improve patellar tracking by recruiting the VMO, thereby

mean square EMG was determined and then normalized to the
subjects' maximal voluntary isometric contractions for calcula
tion and analysis of the VMO/VL activity ratio.
Results: Leg rotation had no effect on the VMO/VL activity
ratio for the symptomatic group. The SUSD/E produced a lower
VMO/VL activity ratio compared with the SUSD/N (p < .01) and
the SUSD/I (p < .01) in the control group. Similarly, the VMO/VL
activity ratio for the MWS/E was lower than for the MWS/I (p <
0.01).
Conclusions: These results suggest that external rotation of
the leg may affect VMO/VL activity ratio during closed chain
knee extension exercises in individuals without PFPS but not in
individuals symptomatic for PFPS.
Key Words: muscular recruitment, quadriceps muscle, knee

counteracting the lateral pull of the vastus lateralis (VL) and
resulting in an increased VMO/VL activity ratio. 17 Recently,
Cerny 18 examined step-down and wall-slide exercises, among
others, and found them to be relatively ineffectual in increasing
VMO/VL activity ratio. This lack of agreement regarding leg
rotation and muscular activity and the general effectiveness of
closed chain exercises leaves the clinician in a quandary.
Therefore, we elected to examine the effect of leg rotation on
the VMO/VL activity ratio during two closed chain exercises
prescribed for the treatment of PFPS.
METHODS

Subjects
Six female student athletes (age, 20.8 ± 2.3 yr; wt, 59.6 ±
3.9 kg; ht, 165.5 ± 5.8 cm) currently exhibiting symptoms of
PFPS (Table 1) and nine female control subjects asymptomatic
for PFPS (age, 20.4 ± 2.2 yr; wt, 58.6 ± 4.6 kg; ht, 160.0 ±
6.8 cm) volunteered to participate in the study. Subjects with
PFPS reported at least one missed practice or exercise session
within the previous 2 months due to knee pain or discomfort,
but had been otherwise able to participate in their sport-related
activities. All subjects had similar activity levels and gave
informed consent prior to participating.
Exercise Protocol

John P. Miller, Daniel Sedory, and Ronald V. Croce are all affiliated
with the Department of Kinesiology at the University of New Hampshire,
Durham, NH 03824.
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All subjects performed 3 sets of 15 repetitions of the
following exercises:

Table 1. Symptoms of PFPS Used for Classification
Pain or stiffness in the anterior knee during or immediately after
sitting, or both, with knees flexed.
Pain with isometric contraction at 120°, 90°, 60°, 30° and 0° of
flexion with the femur externally rotated. 16
Anterior knee pain or crepitus, or both, while ascending and
descending stairs.

Step-Up/Step-Down. The step-up/step-down was a unilat
eral exercise performed from a platform 6 inches high. Each
subject's dominant leg was determined by the leg preference
protocol of the Bruininks-Oseretsky Test of Motor
Proficiency. I8a In the step-up/step-down, the dominant leg
(which, in the subjects with PFPS, was also the symptomatic
leg) was tested. The subject stepped down with the toe of the
asymptomatic leg, lightly touching the floor for balance. Each
subject's weight was supported by the symptomatic leg, which
remained on the platform throughout the exercise. By contract
ing the quadriceps of the symptomatic limb, she returned to the
starting, knee-extended position without allowing the foot of
the asymptomatic leg to touch the platform. The step-up/stepdown was performed with the toes pointing straight ahead and
without rotation of the tibia and thigh (SUSD/N), with the toes
pointing inward 45° and with medial rotation of the tibia and
thigh (SUSD/I), and with the toes pointing outward 45° and
with lateral rotation of the tibia and thigh (SUSD/E). Angular
measurements were standardized using a goniometer with each
subject in the standing position.
Modified Wall Slide. The modified wall slide was a
bilateral exercise performed with each subject's trunk leaning
on a wall for support. Subjects started the movement from a
standing, knees-extended position, with the feet placed shoul
der-width apart and sufficiently distanced from the wall to
allow 75° of knee flexion. Subjects lowered their bodies by
flexing their knees to 75° of flexion. They then returned to the
starting knees-extended position. The modified wall slide was
performed with the toes pointing straight ahead and without
rotation of the tibia and thigh (MWS/N); with the toes pointing
inward 45° and with medial rotation of the tibia and thigh
(MWS/I); and with the toes pointing outward 45° and with
lateral rotation of the tibia and thigh (MWS/E). Angular
measurements were standardized using a goniometer with each
subject in the standing position. When the legs were in the
neutral and the internally rotated positions, towels were placed
between the knees to maintain correct position while the
subjects squeezed the towels to facilitate VMO activity. Tow
els were not used when the hips were externally rotated.
Procedures
Subjects were instructed in the proper techniques and
allowed to practice each exercise before data collection. They
did two-count (1 second down and 1 second up) repetitions,
with a metronome set to 60 beats per minute to assist in
maintaining equal eccentric and concentric contractions. Each
set of the same exercise was separated by a 1-minute rest
period, with a 5-minute rest period between exercises. Exercise
order was randomized.

Myoelectric activity was obtained for the VMO and the VL.
The electromyogram (EMG) signal was recorded using silver/
silver chloride surface electrodes placed as close as possible to
the estimated motor endplates of the muscles, according to
Warfel 19 and Reynolds et al. 20 The electrodes were positioned
2.5 cm apart (from center to center) with a common reference
electrode placed over an electrically neutral prominence. The
electrodes had adhesive backing and were reinforced using
Transpore (3M, St. Paul, MN) surgical tape. An ACE bandage
(Becton Dickinson, Franklin Lakes, NJ) was then wrapped
around the thigh to maintain electrode placement throughout
the entire data collection session. The skin was cleansed and
abraded to achieve skin impedance of <5 kH. The EMG signal
was digitized on-line with a sampling frequency of 1020
samples/second using a data acquisition card (DAS-16 Metrabyte, Metrabyte Corp, Taunton, MA) processed through a
Gateway 2000 (Gateway 2000, North Sioux City, SD)
486DX/33 computer, with high- and low-pass filters of 20 and
400 Hz, respectively. The gain was set at 1000, with a common
mode rejection ratio of 90 dB. The EMG signals were collected
for 4 seconds, beginning with the third (beginning), eighth
(middle), and thirteenth (end) repetition of each exercise, for a
total of nine EMG collections per exercise for each subject.
The average root mean square (rms) was used as a measure of
muscular activity, according to Basmajian and Deluca's rec
ommendation. 21 Normalization to a maximal voluntary isomet
ric contraction (MVIC) was done while the subjects were
attached to a Cybex 11+ (Cybex, Ronkonkoma, NY) isokinetic
dynamometer with the leg in 45° of flexion, according to the
recommendations of Knutson et al. 22
Data Analysis
Within-day reliability of the normalized rms EMG was
established for the VL, the VMO, and the VMO/VL activity
ratio by intraclass correlation coefficients (ICCs) for the nine
EMG collections of the tested exercises. 23 The VMO/VL
activity ratio was calculated from the rms EMG of the VMO
and VL of each subject for the two exercises (step-up/stepdown and the modified wall slide) in three positions (neutral,
internal, and external rotation). A 2 (group) X 2 (exercise) X
3 (position) repeated-measures ANOVA design was used to
determine VMO/VL activity ratio differences during the exer
cises. Trials used in the analysis were the beginning, middle,
and end repetitions of the three sets of each exercise (nine trials
total). The conservative Greenhouse-Geisser correction factor
was used to evaluate within-group F ratios. Between-group
post hoc comparisons consisted of a Scheffe test; within-group
post hoc comparisons were planned contrasts using means and
regression coefficients. 24 The criterion level for significant
difference was set at p < .05. All analyses were performed
using the SuperANOVA (Abacus Concepts, Berkeley, CA)
statistical package for the Macintosh computer.
RESULTS

Intraclass correlation coefficients averaged 0.986 for the
VMO and 0.973 for the VL EMG activity and 0.990 for the
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Table 2. Normalized rms VMO and VL EMG Activity and VMO/VL
EMG Activity Ratio (ICC and SEM)*
VMO

MWS/N
MWS/I
MWS/E
SUSD/N
SUSD/I
SUSD/E

ICC

SEM

ICC

SEM

ICC

SEM

.98
.99
.98
.99
.98
.99

1.57
.99
1.27
1.57
2.03
1.57

.98
.98
.99
.99
.90
.92

1.23
1.37
1.23
1.38
1.09
1.77

.99
.99
.99
.98
.99
.99

.02
.03
.02
.02
.05
.02

MWS/N - Modified wall slide with the toes pointing straight ahead
and without rotation of the tibia and thigh.
MWS/I = Modified wall slide with the toes pointing inward 45° and
with medial rotation of the tibia and thigh.
MWS/E = Modified wall slide with the toes pointing outward 45° and
with lateral rotation of the tibia and thigh.
SUSD/N = Step-up/step-down with the toes pointing straight ahead
and without rotation of the tibia and thigh.
SUSD/I = Step-up/step-down with the toes pointing inward 45° and
with medial rotation of the tibia and thigh.
SUSD/E = Step-up/step-down with the toes pointing outward 45° and
with lateral rotation of the tibia and thigh.
SEM = Standard error of the mean.

VMO/VL EMG activity ratio (Table 2). There was a main
effect difference between the symptomatic and control groups
during the exercises, with the control group having higher
mean VMO/VL activity ratios across exercises and positions
(F(l,13) = 6.95, p < .05). There was no difference in the
VMO/VL activity ratio for the symptomatic group between
either the exercises (SUSD, MWS) or the rotational positions
within each exercise. In the control group no differences were
observed in the VMO/VL activity ratio between the exercises
(SUSD, MWS); however, within-exercise differences were
observed. The SUSD/E produced a lower VMO/VL activity
ratio compared with the SUSD/N (F(l,8) = 9.56, p < 0.01)
and the SUSD/I (F(l,8) = 14.4, p < 0.001). Similarly, the
VMO/VL activity ratio for the MWS/E was lower than the
ratio for the MWS/I (F(l,8) = 9.274, p < 0.01) (Table 3).
DISCUSSION

The results of this study concur with previous find
ings, 18'25'26 which suggest that individuals symptomatic for
PFPS have lower VMO/VL EMG activity ratios when com
pared with asymptomatic individuals. Boucher et al25 found
that individuals with PFPS had lower VMO/VL EMG activity
ratios during isometric terminal knee extension compared with
healthy subjects. Souza and Gross26 showed lower nonnormalized VMO/VL EMG activity ratios in individuals with
PFPS during stair-climbing movements. Cerny 18 also noted a
trend toward lower VMO/VL EMG activity ratios when
subjects with PFPS performed closed chain exercises. We
found that the closed chain exercises produced VMO/VL EMG
activity ratios ranging from 0.8 for the SUSD/N to 1.1 for the
MWS/E (Table 3) in the symptomatic group. These values are
comparable with those seen by Cerny. 18 The control group in
our study, however, had ratios ranging from 1.7 for the
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Table 3. Means, Standard Deviations (SD), and Ranges for the
VMO/VL EMG Activity Ratio*

MWS/Nf
MWS/I
MWS/E
SUSD/N
SUSD/I
SUSD/E

Mean

SD

Range

Mean

SD

Range

.907
.865
1.16
.802
.940
1.015

.449
.449
.567
.250
.356
.567

.48-1.62
.417-1.59
.250-2.49
.545-1.21
.571-1.41
.54-92

2.077
2.35
1.85
2.18
2.29
1.67

1.14
1.47
1.27
1.37
1.41
1.20

.800-3.80
.700-5.25
.636-3.70
.629-5.20
1 .02-5.57
.585-4.12

* Data are means, standard deviations, and ranges for the rms EMG
ratios formed by dividing the normalized rms EMG VMO activity by the
normalized rms EMG VL activity.
t Abbreviations:
MWS/N = Modified wall slide with the toes pointing straight ahead
and without rotation of the tibia and thigh.
MWS/I = Modified wall slide with the toes pointing inward 45° and
with medial rotation of the tibia and thigh.
MWS/E = Modified wall slide with the toes pointing outward 45° and
with lateral rotation of the tibia and thigh.
SUSD/N = Step up/step down with the toes pointing straight ahead
and without rotation of the tibia and thigh.
SUSD/I = Step up/step down with the toes pointing inward 45° and
with medial rotation of the tibia and thigh.
SUSD/E = Step up/step down with the toes pointing outward 45° and
with lateral rotation of the tibia and thigh.

SUSD/E to 2.4 for the MWS/I (Table 3). These VMO/VL
EMG activity ratios are notably higher than those seen by
Cerny. 18 In Cerny's study, both males and females were used,
with a relatively wide age range. Our results suggest that, in a
younger athletic population, certain closed chain exercises may
be effective in recruiting the VMO.
The efficacy of closed chain exercises in the treatment of
patellofemoral pain has been questioned by this study and by
the work of Cerny. 18 The purpose of closed chain exercises is
to recruit the VMO, counteracting the lateral pull of the VL. 17
The significance of the VMO with regard to patellofemoral
pain is based in part on the work of Bose et al.27 They
identified two sections of the vastus medialis muscle, the
superior or longitudinal component and the oblique or inferior
component (VMO). The VMO originates partially from the
adductor longus and the adductor magnus and has an orienta
tion that is either oblique or transverse, with the insertion of the
inferior or oblique section occupying half or more of the
medial border of the patella. Bose et al27 and Lieb and Perry28
determined that the VMO was a significant stabilizer of the
patella, as well as a knee extensor. This result supports the
finding of Mariani and Caruso9 of decreased VMO activity in
patients who had chronic subluxation of the patella.
This study does not fully support the premise that either
external4 or internal 1 '2 rotation of the leg alters muscular
recruitment of the quadriceps. Leg rotation did not affect the
VMO/VL EMG activity ratio in the symptomatic group. There
was, however, a general decrease in VMO/VL EMG activity
ratio when the leg was externally rotated in the asymptomatic
control group. It is suggested by various authors9'25'26 that
individuals with PFPS have abnormal muscle activation pat
terns that may combine with biomechanical factors, such as an
abnormal Q angle, to cause the patellofemoral pathology. This

may be the reason for the decrease in the VMO/VL EMG
activity ratio in these individuals. In our study, neither Q angle
nor nerve conduction was measured. It is possible that the
subjects with PFPS examined in this study had combined
neural deficits and biomechanical abnormalities that rendered
any position changes ineffective in increasing VMO activity.
This may explain why we found changes in the VMO/VL
EMG activity ratio only in the control group. However, this
explanation is only speculative. More research, using more
stringent controls than those employed in this study, is needed
on the effect of leg position on VMO/VL EMG activity ratio.
Our decision to have the subjects perform multiple sets and
repetitions warrants discussion. We wanted to increase the
clinical relevance of the study by replicating a therapeutic
exercise protocol. The analysis of multiple sets and repetitions
had the added advantage of allowing us to ascertain the effect
of fatigue on muscle activity. The high reliability estimates as
determined by ICCs suggest that fatigue did not affect the
VMO/VL EMG activity ratio. Also, when questioning the
subjects both during and after the exercise sessions, there were
no comments indicating that the subjects either were overly
fatigued or experienced any unusual discomfort.
Upon examination of our methods, we found that certain
errors might have been introduced during the collection pro
cess. Though speed of movement was carefully controlled, it is
possible that subjects' movements were not uniform. This
variability may have resulted in some subjects performing
slightly more or less than two full repetitions during the
4-second collection period or performing unequal concentric
and eccentric contractions. How this would influence our
results is unknown. To minimize this potential error, the same
researcher began all data collection sequences at movement
initiation. Also, the subjects were oriented to the proper speed
of movement to minimize the potential for collection error.
Any error would affect only individual muscle EMG activity
values, not ratio data, because the individual muscles would be
active at the same time. Moreover, when performing the
MWS/N and the MWS/I, the subjects squeezed a pillow
between their knees, adding an adduction component to the
movement. This may have been the cause of the lower
VMO/VL EMG activity ratio observed for the MWS/E.
Another area of potential error was in our electrode place
ment. Worrell et al29 reported electrode migration when
examining the activity of the VMO. They suggested that, as
knee angle decreases, the electrode may migrate distally due to
movement of the skin over the muscle. Other than our
described electrode placement protocol, no attempt was made
to control for any possible migration, which may have resulted
in alterations of the VMO/VL EMG activity ratio. However,
with consistent electrode placement, this possibility should not
have affected group comparisons. Future studies should ad
dress the issue of electrode placement and migration and their
influence on myoelectric activity.
The results presented here must be viewed with caution
because we studied only 6 subjects with PFPS. While classi
fication of PFPS was carefully controlled, no attempt was
made to quantify the degree of pathology beyond the subject's
description of the pain (Table 1). Thus, subjects may have had

varied causes for their patellofemoral pain. However, the
duration of symptoms and reported severity of pain was similar
across subjects. In addition, all of the subjects were highly
active and relatively close in age.
,-tr

CONCLUSIONS

Within the limitations of the exercises and the population
examined, our study suggests that hip position has little effect
on the VMO/VL EMG activity ratio during specific closed
chain exercises in individuals with PFPS. However, it appears
that externally rotating the hip and leg results in a lowered
VMO/VL EMG activity ratio in individuals without PFPS.
This study also suggests that individuals with PFPS have lower
VMO/VL EMG activity ratios during these exercises when
compared with an asymptomatic control group.
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Ankle Injuries and Ankle Strength, Flexibility,
and Proprioception in College Basketball
Players
Kristen A. Payne, MS, ATC; Kris Berg, EdD; Richard W. Latin, PhD
Objective: To determine if ankle muscular strength, flexibil
ity, and proprioception can predict ankle injury in college
basketball players and to compare ankle injury rates in female
and male players.
Design and Setting: In this prospective, correlational study,
subjects were tested at the start of the competitive season for
ankle joint muscle strength, flexibility, and proprioception. The
first ankle injury for each subject was recorded on an injury
report form, and the data were analyzed to determine if any of
these preseason measurements predicted future injury. The
setting was a competitive 9-week season for four women's and
four men's college basketball teams.
Subjects: A convenience sample of 31 female and 1 1 male
college basketball players.
Measurements: Subjects were tested for ankle dorsiflexion
range of motion, various measures of ankle proprioception, and

I

njuries to the ankle joint are among the most common of all
sport-related injuries. Figures range from 10% to 30% of all
injuries and from 5% to 20% of all time-loss injuries. 1"9
Athletes participating in sports such as football, soccer, bas
ketball, and volleyball are especially at risk for this type of
injury, largely because of the running and jumping involved. In
1977, Garrick3 reported that during any single year of a 6-year
period at the University of Washington, at least 16% of all
time-loss injuries for all sports involved ankle sprains.
Although ankle injuries are suffered by athletes in many
sports, ankle sprains are most prevalent in basketball. Many
authors describe ankle sprains as being "de rigueur" for
basketball participation. 3' 10 Ankle sprains are not only the most
common injury in basketball, but some studies cite basketball
playing as being the most common cause of ankle sprains. 11
Prophylactic ankle protection techniques (primarily adhe
sive taping) are the most readily available and easiest methods
used by athletic trainers and coaches to prevent ankle injuries
caused by the external stresses inherent in sport. These meth
ods theoretically provide external mechanical support to the
ankle joint; however, it would be of interest to identify internal
risk factors that might predispose an athlete to ankle injury.
Several intrinsic factors may be involved, including lower leg
muscle weakness, poor limb proprioception, and tight heel
cords. 1 ' 12' 13
Flexibility and strength have frequently been studied to
determine their role in athletic injury prevention, but few
Kristen A. Payne, Kris Berg, and Richard W. Latin are affiliated with
the School of Health, Physical Education, and Recreation, University of
Nebraska at Omaha, Omaha, NE 68182.

isokinetic peak torque of ankle dorsiflexion-plantar flexion and
eversion-inversion at 30°/sec and 180°/sec before the start of
the conference basketball seasons. Data were analyzed using a
series of multiple regression equations to determine the vari
ance in ankle injury attributed to each variable.
Results: Various measures of proprioception predicted left
ankle injury in all subjects (p < .05), while ankle strength and
flexibility measures failed to account for additional variance.
There was no statistically significant difference in ankle injury
rate between women and men.
Conclusions: Ankle joint proprioceptive deficits can be used
to predict ankle injury, but further research is needed to identify
other sources of variance. In our study, ankle injury rate was
similar in female and male college basketball players.
Key Words: athletic injuries, college athletes, range of mo
tion

conclusions have been drawn. Although proprioception has not
been studied as thoroughly, there is speculation as to whether
proprioceptive deficits predispose an individual to injury.
Proprioception training, along with strength and flexibility
training, is believed to be essential to the success of most
rehabilitation programs. 9' 14 " 16
Few studies have investigated athletic injuries in a prospec
tive manner. Researchers who have done so have made few
conclusive findings, and their methods vary greatly, making it
difficult to draw conclusions or make comparisons. Also,
strength, flexibility, and proprioception have largely been
investigated in isolation, while no studies have inspected the
interrelationship of several variables, and most studies focused
on athletes of a single sex. Therefore, the main purpose of this
study was to determine the variance in ankle joint injury
explained by muscle strength, flexibility, and proprioception.
A secondary purpose was to compare ankle injury rates in male
and female college basketball players. The study is considered
exploratory because of the relatively small sample and short
duration.
METHODS

Thirty-one female and 11 male members of the University of
Nebraska at Omaha, Creighton University, Dana College, and
Midland Lutheran College women's and men's varsity basket
ball teams ranging in age from 18 to 22 years (women's mean,
20 ± 1.3 yr; men's mean, 20 ± 1.1 yr) participated in this
study. Subjects were not randomly sampled but were members
of an available subject pool. Each was training and participat
ing in basketball prior to the start of the conference season.
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This training included daily organized practice sessions for 10
to 12 weeks, as well as competition in several preseason
games.
Each team member who volunteered to participate in the
study completed a questionnaire before testing to determine if
he or she qualified for the study. All qualified subjects had an
absence of significant history of ankle injury for both ankles.
This was defined as an absence of (1) ankle injury in the past
6 months requiring complete immobilization (ie, use of a
walking cast); (2) functional instability (a feeling of "giving
way"); and (3) previous reconstructive ankle surgery.
We informed subjects of testing procedures and protocol
before participation, as well as the possible risks and benefits
associated with the treatment as outlined by the informed
consent form approved by the University of Nebraska Institu
tional Review Board.
Design
We tested all subjects for ankle joint muscle strength,
flexibility, and proprioception at the start of their conference
basketball season. A season lasted 9 weeks (postseason com
petition was not included), during which the incidence of ankle
injury was assessed. For each subject, data were recorded only
for an initial injury, while any further injury, either reinjury to
the same ankle or injury to the opposite ankle, was not used in
the analysis. The reason for using only the first injury was that
any ankle injury may have predisposed the athlete to further
ankle injury. Since we could not control for possible predis
position to future ankle injury, we reported only the initial
injury. An NATABOC-certified athletic trainer at each school
recorded all injuries by completing the injury report form
provided.
This study defined injury as any ankle injury that (1)
occurred as a result of participation in an organized intercol
legiate practice, contest, or conditioning activity; (2) required
medical assistance by a team athletic trainer or physician; and
(3) resulted in any alteration of normal routine by that athlete.
All three criteria had to be met for the incident to be reported.
The dependent variable in this study was ankle injury.
Independent variables were ankle joint strength, flexibility, and
proprioception. We determined the amount of variance ex
plained by each variable and compared the rate of ankle injury
in women and men.
Measurements
Before testing, each subject warmed up for 5 minutes on an
exercise cycle at a self-selected intensity. The order of testing
for each independent variable was randomized. All subjects
wore low-cut athletic court shoes, and each researcher col
lected all measurements at his or her site.
The experimental procedure for measuring each variable
was as follows:
Flexibility. For each subject, active ankle dorsiflexion in
degrees was measured bilaterally. Subjects sat upright with
both the knee and hip flexed to approximately 100° and the
foot in neutral position. Each measurement was recorded on a

^
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Biodex (Biodex Medical Systems, Inc, Shirley, NY) equipped
with an electric goniometer (ELGON). Once the subject's foot
was securely fastened to the Biodex foot pedal, each subject
was asked to actively dorsiflex the foot.
A perpendicular relationship of the foot to the leg was
considered the neutral position of the ankle, and active dorsi
flexion from this position resulted in a positive value. One
measurement was taken for each ankle, with investigators
verbally encouraging subjects to achieve maximal dorsiflexion.
The investigators' tones and words were similar with each
subject.
Proprioception. Proprioception was defined as the ability to
match reference joint angles without visual feedback. The
ELGON on the Biodex was again used, this time to record
ankle joint position in two planes: dorsiflexion-plantar flexion
and eversion-inversion.
Subjects sat upright with knee and hip flexion as described
previously. They were asked to close their eyes during testing
to eliminate visual input. 17' 18 The score obtained from the
proprioception measurement was the deviation from the refer
enced joint position and was recorded as absolute error.
Subjects completed two or three smooth, continuous
warm-up repetitions of each motion just before the respective
test to familiarize themselves with the apparatus and movement
and to promote relaxation. When they felt comfortable, we told
them to hold their ankles in a neutral position. Neutral position
was achieved when 0° registered on the ELGON. At this time,
having asked subjects to close their eyes, the investigators then
manually moved the apparatus to a predetermined reference
position for each motion. The experimenter then instructed the
subject to hold the foot in that position and to remember that
position for future reference. After approximately 3 to 5
seconds, the investigator manually returned the foot to the
neutral position. The subject was then asked to match the
referenced position.
Each subject completed 12 trials, three each at preselected
joint angles of 15° for inversion and 20° for eversion in the
sagittal plane and 10° for dorsiflexion and 15° for plantar
flexion in the frontal plane. Midrange angles were selected in
an attempt to maximize sensory input from muscle proprioceptors. 19 The order of angle assessment was randomized within
each plane.
Strength. We measured concentric and eccentric torque for
both dorsiflexion-plantar flexion and eversion-inversion at
speeds of 30°/sec and at 180°/sec on a Biodex isokinetic
dynamometer. We positioned the subjects in the same manner
as previously described. Subjects' feet were securely strapped
to the foot pedals, and the subjects were also strapped at the
calf, thigh, and waist in an attempt to isolate the ankle joint.
Subjects also crossed their arms in a relaxed position across
their chests to eliminate the possibility of substituting other
muscles to improve peak torque.
Subjects warmed up with two full repetitions before testing
at each speed for each movement. Experimenters verbally
encouraged subjects to give a maximal effort as they performed
four consecutive repetitions for each ankle, at each speed, and
for each movement. Concentric measurements were performed
subsequently on each ankle at each movement. Subjects were

allowed recovery periods of at least 1 minute between speeds
for each ankle and at least 2 minutes between movements,
minimizing the effects of fatigue.
RESULTS

We calculated means and standard deviations for flexibility,
strength, and proprioception measurements (Table 1), as well
as physical characteristics of subjects (Table 2). For all
summary data, women and men are presented separately.
Several multiple regression analyses were used to develop
equations to predict the incidence of ankle injury from the
variables being measured. We dummy-coded injuries, with 1
denoting injury and 0 denoting no injury. A 2 X 2 chi-square
analysis was performed to determine differences between male
and female injury rates. A significance level of p ^ .05 was
used for all analyses.
Data from all 42 subjects initially tested were included in the
analyses. Eight subjects (19%) suffered an ankle injury over
the course of the season: seven women (23%) and one man
(9%). Since limbs were analyzed separately, as well as to
gether, it is of interest to mention that four of the injuries were
to the left ankle and four to the right.
We performed a series of stepwise multiple regression
analyses, with injury as the dependent variable and several
independent variables. Analyses were performed with all data
combined, as well as individually, for women and men for
injury of the left and right ankle, respectively.
Proprioception was a predictor of left ankle injury in all
subjects, and two variables, both measures of proprioception,
were predictors for each left and right ankle injury in the
female subjects (p < .05). Specifically, left inversion (mean
deficit, 1.4°; range, 0.0° to 7.0°), right dorsiflexion (mean
deficit, 1.0°; range, 0.0° to 5.0°), right eversion (mean deficit,
3.0°; range, 0.0° to 9.0°), and right inversion (mean deficit,
1.6°; range, 0.0° to 13°) proprioception were identified (r —
0.99 for test-retest reliability of first and second efforts). The

Table 2. Physical Characteristics of Subjects (n = 42)

Women (n = 31)
Age (yr)
Height (cm)
Weight (kg)
Men (n = 11)
Age (yr)
Height (cm)
Weight (kg)

Mean ± SD*

Range

20.0 ± 1.32
176.9 ± 7.22
70.4 ± 7.95

18.0 to 22.0
162.6 to 193.0
54.5 to 90.9

20.0 ± 1.10
190.0 ± 4.52
84.4 ± 7.24

19.0 to 22.0
182.9 to 195.6
71. 4 to 93.2

* SD, standard deviation.

regression equations and related statistics are presented in
Tables 3 through 5.
A 2 X 2 chi-square analysis found no significant difference
in ankle injury rate between women and men (x2 = 0.959; p ^
.05).

*

DISCUSSION

Our results indicate that various proprioceptive deficits at
the ankle joint are predictors of ankle injury. This supports the
finding of Tropp et al,20 who found subjects with functional
instability, as prospectively measured by stabilometry, more
likely to suffer an ankle injury than normal subjects. These
results also agree with recent reports supporting the relation
ship of injury and proprioceptive deficits, 16'21 which may begin
to answer the question posed by many authors as to whether a
proprioceptive deficit is a predisposing factor or a result of
injury. 13
Specifically, left inversion proprioception was the lone
predictor of left ankle injury in all subjects, explaining 14.59%
of the variance (standard error of estimate, or SEE, 0.278). Left
inversion and right dorsiflexion proprioception were predictors
of left ankle injury in the female subjects only. It is of interest
to note that the contralateral limb explained variance in the
involved limb. However, this finding is not surprising when

Table 1. Flexibility, Proprioception, and Strength Measures for the Left and Right Ankles (n = 42) (mean ± SD*)
Women (n = 31)
Variable
Flexibility (degrees)
Heel cord
Proprioception (degrees) ± absolute error
Inversion
Eversion
Dorsiflexion
Plantar flexion
Strength (Nm)
Inversion 30°/sec
Inversion 180°/sec
Eversion 30°/sec
Eversion 1807sec
Dorsiflexion 30°/sec
Dorsiflexion 180°/sec
Plantar flexion 30°/sec
Plantar flexion 1 80°/sec

Left Ankle
30.1 ± 8.5
2.7
2.8
2.2
3.0
23.2
12.1
25.5
14.9
30.2
14.4
59.5
25.1

± 3.8
±2.7
± 1.9
± 3.1
±6.1
±3.8
±4.5
±2.2
±5.6
± 4.5
± 12.7
±8.7

Men (n = 11)

Right Ankle
27.4 ± 7.6
2.7
2.7
2.1
2.6
24.9
20.0
26.0
15.3
32.4
13.8
64.8
24.2

±2.4
± 2.8
± 1.4
± 2.4
± 5.6
± 3.0
± 4.5
±2.4
± 4.7
±3.0
±11.7
± 5.5

Left Ankle
27.9 ± 7.3
0.9
5.0
1.9
3.3

±
±
±
±

1.2
2.6
1.8
3.0

30.2
15.2
29.0
18.8
38.6
18.2
74.0
27.5

±
±
±
±
±
±
±
±

8.1
4.2
3.3
3.9
5.4
3.9
24.5
13.0

Right Ankle
27.2 ± 5.1
2.1
5.4
2.6
3.4
31.4
14.8
31.4
19.0
41.3
17.1
76.0
26.0

± 1.8
±2.6
± 1.5
±3.0
± 6.0
± 6.4
±6.0
±5.1
±6.5
±4.1
±28.2
± 10.2

SD, standard deviation.
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Table 3. Regression Predicting Left Ankle Injury (n = 42)*
Step
1

Variable

R

R2 x 100

SEE

L inversion
proprioception

0.382

14.59

0.278

*Y' = 1.981 - 0.046 (X,).

Table 4. Stepwise Regression Predicting Left Ankle Injury in
Women (n = 31)*
Step
1
2

Variable
L inversion
proprioception
R dorsiflexion
proprioception

R

R2 X 100

SEE

0.447

20.02

0.273

0.614

37.71

0.246

* Y' = 1.999 - 0.049 (X,) - 0.125 (X2).

Table 5. Stepwise Regression Predicting Right Ankle Injury in
Women (n = 31)*
Step
1
2

Variable
R aversion
proprioception
R inversion
proprioception

R

R2 x 100

SEE

0.469

22.03

0.306

0.572

32.68

0.289

* Y' - 2.029 - 0.078 (X,) + 0.063 (X2).

considering that proprioception affects balance. One unstable
limb might affect how the athlete reacts to situations and cause
stress on the opposite limb in an effort to avoid use of the
unstable limb. These variables explained 37.71% of the vari
ance and had an SEE of 0.246.
Finally, right eversion proprioception was identified with
right inversion as a predictor of right ankle injury in the
women, explaining 32.68% of the variance (SEE, 0.289).
However, right inversion proprioception was negatively corre
lated with ankle injury, which indicates that the injured
subjects had better proprioception of this motion than the
noninjured subjects. Other factors not assessed here may
explain much of the variance in ankle injuries.
The results of this study explained relatively small portions
of the variance causing ankle injury. This was not surprising,
however, because many other factors involved in the occur
rence of injury may also explain variance. These factors may
include fatigue, skill level, footwear, type of prophylactic
protection, playing surface, psychological factors, other phys
iological characteristics, accident, and chance. Researchers
have had to select variables to focus on and then try to explain
how those individual factors contribute to injury, which may
explain the overall lack of prospective injury studies.
Another finding in our study is that ankle injury rates did not
significantly differ between women and men. This finding is in
agreement with Garrick,3 who reported that rates of ankle
injury between sexes are similar in the same sport. However,
the low number of men (// =11), especially when compared
with the women (n = 31), makes a Type II error quite likely.
Therefore, these results are tenuous due to the small sample
size and should be interpreted with caution.
Results did not identify ankle joint muscle strength and heel
cord flexibility as predictors of ankle injury. The lack of
224
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significance for strength was in agreement with Cowan et al,22
who found the risk of injury to be similar in both strong and
weak subjects in terms of absolute strength. Knapik et al23 also
reported no relationship between absolute strength and injuries,
but did find specific strength imbalances to be a factor in injury
incidence. However, we found no studies that specifically
measured ankle joint muscle strength and its relationship to
ankle injury, which prevents comparison.
A possible rationale as to why absolute strength has not
consistently been correlated with injury rate might be ex
plained simply by the inherent nature of sport. An athlete
participating in a sport such as basketball encounters forces
that exceed the power of human muscle, as well as the
structural integrity of connective tissue. Athletes are subjected
to unpredictable and rapid changes in body posture and
position that place undue stresses on tissue, at times causing
injury.
This same rationale may also explain why flexibility did not
explain any of the variance in this study. No studies have
investigated heel cord flexibility and its relation to ankle
sprains, so direct comparisons cannot be made. Most prospec
tive studies on flexibility and injury have focused on larger
muscle groups and other types of injuries, such as muscle
strains. Knapik et al23 found women athletes 2.6 times more
likely to be injured if they had a 15% or greater hip extensor
range of motion imbalance. Nicholas24 looked at hypermobility
and found a relationship that indicated a greater chance of
injury in those who are more hypermobile, but his findings
have not been replicated using similar methods. 25 However,
comparison of injuries across studies is difficult due to differ
ences in the types of sports examined, the types of injuries
examined, the various definitions of injuries, and differences in
the methods of data collection and reduction.
The results from our study identified specific proprioception
deficits as predictors in ankle injury. Although few studies
have assessed proprioception, some researchers agree that
proprioception training is a critical component of rehabilitation
programs. 14' 16 Proprioception training as part of preseason
conditioning, though not as common as other types of training,
is used in some programs. Authors such as Tomaszewski26
have already presented simple ankle proprioception programs
that could potentially be used by all athletes in a preventive
fashion.
There are several recommendations for future prospective
injury research. Most importantly, a greater number of subjects
over a longer duration will provide more injuries for study and
perhaps improve the likelihood of finding more predictors.
Also, other variables may be considered in addition to those
used in this study. These may include, but are not limited to,
strength, flexibility, and proprioceptive imbalances; strength
tests at speeds higher than 180°/sec; proprioception measure
ments using a weight-bearing method (typical of the injured
condition); stabilometric measurements; body composition;
and nonphysiological variables, such as shoe type and prophy
lactic protection used.
From this study, we concluded that proprioceptive deficits at
the ankle joint can be used as a predictor of ankle joint injury.
This information is beneficial to athletic trainers, coaches, and

athletes because proprioception training may be justified as a
preventive measure, rather than simply a rehabilitative mea
sure.
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Effect of Unilateral Functional Instability of
the Ankle on Postural Sway and Inversion
and Eversion Strength
Julie N. Bernier, EdD, ATC; David H. Perrin, PhD, ATC; Arie Rijke, MD, PhD
Objective: The purpose of this study was to determine if
individuals with unilateral functional ankle instability had de
creased ability to maintain postural sway, as well as decreased
isokinetic eccentric strength of ankle evertors and inverters.
Design and Setting: Subjects with no previous history of
ankle injury were compared with subjects with functional ankle
instability on the following tests: isokinetic eccentric inversion
and eversion strength and measures of single-limb postural
sway.
Subjects: Eighteen subjects participated in this study: 9
subjects in the functional instability (Fl) group (age = 22.89 ±
3.18 yr, ht = 181 ± 6.0 cm, wt = 80.25 ± 12.2 kg) and 9
noninjured (Nl) controls (age = 26.22 ± 2.34 yr, ht = 170 ± 10.0
cm, wt = 65.08 ± 12.03 kg).
Measurements: Subjects performed postural sway assess
ment on a balance system under static and dynamic condi
tions. Ankle inversion and eversion eccentric strength were

R

esidual ankle disability following an acute inversion
sprain is well documented. 1 "7 Symptoms include loss of
strength, 1 decreased joint position sense, 8 decreased
postural stability as compared with the uninjured limb5 and as
compared with a noninjured group of subjects,7 '9 and func
tional instability.3' 10
Freeman3 described functional instability as a "feeling of
giving way." It is a symptom often found in individuals who
suffer repeated inversion ankle sprains. Despite conservative or
surgical treatment, or both, functional instability remains an
ongoing symptom in many individuals who have sustained
acute ankle sprains and appears unrelated to mechanical
instability (ligament elongation or rupture).4' 10 " 12
The relationship between functional instability and de
creased postural stability was first suggested by Freeman et al,5
who found decreased postural stability in subjects with unilat
eral instability of the ankle. They assessed postural stability
using a modified Romberg test in a static position. These
results were later corroborated by Lentell et al 13 using a similar
test. Brunt et al 14 suggested that dynamic postural sway may be
more appropriate to assess the function of an athlete with
instability of the ankle.
Julie N. Bernier is athletic training coordinator at Plymouth State
College, Plymouth, NH 03264. At the time of this study, she was a
doctoral candidate in athletic training at the University of Virginia,
Charlottesville, VA. David H. Perrin is professor and director of the
program area in health and physical education at the University of
Virginia, Charlottesville, VA. Arie Rijke was affiliated with the Depart
ment of Radiology at the University of Virginia, Charlottesville, VA, at the
time of this study.
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evaluated at 90°/sec using an isokinetic dynamometer. Addi
tionally, we assessed the degree of mechanical instability in the
Fl group with a series of stress radiographs.
Results: No significant differences in single-limb postural
sway measures or in eversion strength between limbs in the Fl
group or between groups were found. A significant group-bylimb interaction was present in inversion peak torque; however,
post hoc testing revealed the only difference to be between the
dominant and nondominant limbs of the Nl group.
Conclusions: Postural sway and inversion and eversion
eccentric peak torque are not affected by functional instability
of the ankle. Alternate methods of postural sway assessment
and ankle strength measurement are discussed as possible
areas for future study.
Key Words: balance, peak torque, ankle sprain, joint posi
tion sense, proprioception, peroneal muscle

Previous research has attempted to document decreased
postural stability using quantitative measures.7'9' 15 Tropp et
al used stabilometry, a method of measuring postural equi
librium, to assess postural sway in 127 soccer players. They
found no significant differences in postural sway between a
reference group and subjects with a history of ankle injury.
However, they reported that subjects with abnormal stabilom
etry values had a greater risk of ankle injury during the
following season. 15 In a subsequent study, Tropp et al9
reported that subjects with functional instability showed in
creased postural sway over subjects with no prior history of
ankle injury, and Tropp,7 in 1986, found a significant differ
ence in ankle evertors between injured and uninjured limbs of
subjects with functional instability.
While some studies reported decreased strength of ankle
evertors after inversion sprain when tested manually 1 ' 11 or isokinetically,7 another13 found no decrease in strength as compared
with uninjured ankles when tested isokinetically. Most assess
ments of ankle inversion and eversion strength have tested
concentric muscle strength.7' 13' 16"20 However, ankle sprains often
involve high-speed eccentric muscle activity 13 of the peroneals.
As such, assessment of eccentric strength is indicated.
The purpose of this study was to determine if individuals
with unilateral functional instability of the ankle had decreased
ability to maintain static and dynamic postural sway, as well as
decreased isokinetic eccentric strength of the ankle evertors
and invertors. A second purpose was to determine if a
relationship existed among strength, postural stability, and the
degree of mechanical instability of the ankle as measured by
stress radiographs.

METHODS

Eighteen subjects participated in this study. One female and
eight males (age = 22.89 ± 3.18 yr, ht = 181 ±6.0 cm, wt =
80.25 ± 12.2 kg) made up the functional instability (FI) group.
They had a history of significant ankle inversion sprains
requiring crutches or preventing participation in activity, fol
lowed by repeated episodes of "giving way," but no other
history of ankle, foot, knee, or hip injury. All nine subjects in
this group suffered unilateral functional instability of the ankle.
Four additional subjects initially included in the study were
later found on the stress radiographs to have bilateral mechan
ical instability and were eliminated from the analysis. Due to
the lack of dominant (DOM) versus nondominant (NOND)
limb data for postural sway index, as well as eccentric
inversion and eversion peak torque, we assessed a noninjured
group (NI) to determine if differences were present between
limbs. The NI group consisted of six women and three men
(age = 26.22 ± 2.34 yr, ht = 170 ± 10.0 cm, wt = 65.08 ±
12.03 kg) with no prior history of lower extremity injury.
The time span from initial injury to the study for the subjects
in the FI group ranged from 2 to 15 years. All subjects reported
repeated episodes of chronic reinjury due to FI within the last
year, with the most recent episode 4 months before testing. All
subjects were pain free and complained only of the feeling of
instability and of recurring injury.

PROCEDURES
All subjects were informed of the procedures and signed a
consent form before participating. Subjects reported to the
University of Virginia Sports Medicine Research Laboratory
for testing. They performed balance testing first, followed by
isokinetic strength testing to avoid the effects of fatigue during
balance testing. In a separate session, each subject from the FI
group reported to the University of Virginia Hospital for
assessment of mechanical instability.
Postural Stability

Subjects performed static and dynamic postural stability
assessment using the Balance System (Chattanooga Group Inc,
Hixson, TN) (Fig 1). They removed their shoes and stood on
the balance platform with their feet in a comfortable position
(approximately shoulder-width apart). The subjects then
stepped off the platform and the force plates were moved to the
position of comfort by the investigator. Subjects were repositioned and a safety harness was used. They performed a
1-minute practice session, followed by a 2-minute rest, and
finally the test sessions. During testing, the subjects completed
dual-limb and single-limb stance protocols with eyes open and
eyes closed under static and dynamic conditions. 21 "24 During
static testing, the platform remained stable. Dynamic testing
included perturbations through the use of a tilting platform that
forced the ankles into a position of inversion or eversion and a
linear platform that slid left and right. To avoid the effects of
fatigue, all subjects performed dual-limb stance testing first,

Fig 1. Subject positioning for postural sway measures. Force
transducers are located in the foot plate. The foot plate is adjusted
to the subject's foot length. The platform (shown with a grid
pattern) can be used as a stable platform or as a perturbable
platform in a tilting or linear gliding motion.

followed by single-limb stance testing. When testing singlelimb stance, limb order was alternated (Table 1).
At the start of each trial, the subjects were instructed to gain
their balance and say "ready" when they had attained a feeling
of balance. During testing, the subjects held their arms in a
relaxed position at their sides. We allowed subjects to move
their arms as a strategy to regain balance, but instructed them
to return their arms to a relaxed position immediately after
sway was controlled. This movement was allowed to represent
balance strategies used during activity. During single-limb
stance testing, subjects held the knee of the nonweightbearing
limb in approximately 15° of flexion. Each trial lasted 10
seconds. The angular displacement for medial and lateral
tilting of the platform was ± 4°, with a cycle time of 0.5
seconds per degree of tilt. The medial and lateral linear
displacement was ± 1.91 cm, with a cycle time of 0.31
sec/cm. 21
Journal of Athletic Training

227

Table 1. Order of Dual-Limb Stance and Single-Limb Stance Balance Testing
Dual-Limb Stance
Trial
1
2
3
4
5
6

Single-Limb Stance

Strategy
platform stable
platform stable
platform tilting left/right (ankles
moving inversion/eversion)
platform tilting left/right
platform sliding linearly left/right
platform sliding linearly left/right

Strategy

Trial
eyes open
eyes closed
eyes open

1
2
3

eyes closed
eyes open
eyes closed

4

Sway index (SI) was the dependent measure for dual-limb
and single-limb postural sway. The Chattanooga Group Inc (J.
Pohl, written communication, July 21, 1993) defines sway
index as "a numerical value of the standard deviation of the
time and distance the subject spent away from his/her center of
balance."21 Center of balance is described as the center of the
base of support such that 25% of the body weight remains in
each of the quadrants.
Isokinetic Assessment

Subjects performed isokinetic testing on a Kin-Corn II
isokinetic dynamometer (Chattanooga Group Inc, Hixson, TN)
using software version 2.3. Based on prior work by Cawthorn
et al 16 and Lentell et al, 13 a table was modified so that the
subjects could be placed supine on a bench with the knee in 20°
of flexion and the ankle in 20° of plantar flexion. We stabilized
the lower leg with a strap below the knee over the proximal
tibial plateau. Two straps placed on the foot, one just distal to
the ankle joint and one over the metatarsals, stabilized the foot
to the force plate. The axis of the dynamometer was aligned
with the ankle joint according to the manufacturer's specifica
tions. Each subject's personal data were obtained and entered
into the computer for subsequent analysis.
Inversion and eversion range of motion were set within the
subject's available range. We used a 20-N preload for all
testing to eliminate the "overshoot phenomenon" as described
by Sapega et al25 and Jensen et al.26 Subjects performed
eccentric testing for inversion and eversion peak torque at a
velocity of 90°/sec. They performed 3 submaximal and one
maximal warm-up repetition of either the ankle inverters (INV)
or evertors (EV). They rested for 30 seconds and then per
formed 3 maximal eccentric test repetitions. The subjects then
rested 3 minutes before performing this procedure again for the
antagonistic muscle group. An additional 3-minute rest was
given before they repeated this procedure for the opposite limb.
Test order was alternated for limb (injured versus uninjured)
and muscle group (INV versus EV). Peak torque was calcu
lated for ankle inversion and eversion from the average of three
trials (Table 2).

platform stable
platform stable

The degree of ankle mechanical instability was measured on
stress radiographs using a Telos GA-II/E device (Austin &
Associates, Inc, Fallston, MD) with a previously described
228
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platform tilting left/right (ankle
moving inversion/eversion)
platform gliding linearly left/right

eyes open
eyes closed
eyes open
eyes open

procedure.6'27 The Telos GA-II/E device allows the clinician to
calculate the elongation of the anterior talofibular (ATE)
ligament and calcaneofibular (CF) ligament from a direct
measurement of the talar tilt angle.6 Radiographs were taken at
0, 6, 9, 12, and 15 decaNewtons (daN; 1 daN = 10 N) offeree.
Rijke et al27 reported that the reduction in the slope of the line
from the injured to the noninjured ankle is proportional to the
percentage of the ATE torn, with a 50% reduction in slope
corresponding to complete rupture of the ATE.6 For rupture of
both the ATE and the CF, the line moves to the right and does
not begin at the origin (Fig 2). 6
DATA ANALYSIS

All data were analyzed using SPSS for Windows, version
6.01 (SPSS Inc, Chicago, IL). A two-way repeated-measures
analysis of variance (ANOVA) (group X platform strategy)
was used to determine if differences were present in dual-limb
stance. A three-way repeated-measures ANOVA (group X
limb X platform strategy) was used to determine if differences
were present in single-limb postural sway. Separate two-way
repeated-measures ANOVAs (group X limb) were used to
determine if differences were present in eccentric eversion and
inversion strength.
A Pearson product moment correlation analysis was per
formed to test for a relationship among the degree of mechan-
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Fig 2. Examples of Telos stress test findings for two subjects. (A)
Subject No. 1 shows functionally unstable ankle is within normal
limits (ie, no mechanical instability). (B) Subject No. 7 indicates
100% rupture of anterior talofibular ligament (ATF) and calcaneo
fibular ligament (CF) (ie, gross mechanical instability). *NI = noninjured, Fl = injured.

ical instability, eccentric strength of the inverters and evertors,
and postural sway.

'Sf 40

RESULTS

Postural sway measurements for dual-limb stance revealed
no significant group-by-platform strategy interactions (F(5,80)
= 0.81, p = .546) (Fig 3). A three-way ANOVA (group X
limb X platform strategy) performed on single-limb stance
postural sway data also failed to reveal any significant groupby-limb interactions (F(l,16) = 1.45, p = .246) or three-way
interactions (F(3,48) = 0.44, p = 0.722) (Figs 4 and 5).
For the eccentric strength data analysis, we normalized peak
torque to body weight (BW), Nm/(kg BW) (Table 2). There
were no significant group-by-limb interactions for eversion
peak torque (F(l,16) = 0.61, p = .447). There was a signifi
cant group-by-limb interaction for inversion peak torque
(F(l,16) = 5.29,p = .035). Tukey post hoc testing revealed the
only significant difference was between the dominant and
nondominant limbs of the NI group (p < .05). The nondominant limb showed significantly greater peak torque than the
dominant limb.
On stress radiographs, two subjects showed no mechanical
instability, three subjects showed complete rupture of the ATF
and CF ligaments, and the remaining four subjects showed
from 35% to 73% rupture of the ATF (Table 3).
Pearson product moment correlation revealed very low to
moderate relationships between the relative degree of mechan
ical instability and strength deficits or postural stability. Re
sults ranged from r = 0.06 for eversion strength deficit to r ~
0.71 (p < .05) for inversion strength deficit. The correlation
between relative instability and postural sway ranged from r =
0.02 for linear perturbations to r — 0.35 for postural sway
when the subjects were stable with eyes open.
DISCUSSION

The number of subjects included in our study was limited
due to the cost of the stress radiographs. We were unable to

Trial 1

Trial 2

Trial 3

Trial 4

BNOND]
Fig 4. Sway index for balance tests of single-limb stance in the
noninjured (NI) group by dominance: trial 1, stable, eyes open (eo);
trial 2, stable, eyes closed (ec); trial 3, medial/lateral tilt (eo); trial 4,
linear left/right (eo). DOM = dominant, NOND = nondominant. SD
= standard deviation.

Trial 1

Trial 2

Trial 3

Trial 4

Fig 5. Sway index for balance tests of single limb-stance in the
functional instability (Fl) group: trial 1, stable and eyes open (eo);
trial 2, stable and eyes closed (ec); trial 3, medial/lateral tilt (eo);
trial 4, linear left/right (eo). NI = noninjured, Fl = injured.
Table 2. Ankle Eversion and Inversion Eccentric Isokinetic Peak
Torque (Nm) at 90°/sec
NI by Dominance
Limb
Eversion
DOM*
NOND
Inversion
DOM
NOND

Fl by Injury

Peak torque

Limb

Peak torque

29.22 ± 6.94
29.89 ± 7.92

Uninjured
Injured

35.56 ± 14.15
34.22 ± 13.36

30.89 ± 10.26
34.44 ±11.21

Uninjured
Injured

41.00 ± 8.11
37.78 ± 9.38

* DOM = dominant, NOND = nondominant.
Trial 1

Trial 2

Trial 3

Trial 4

Trial 5

Trial 6

Fig 3. Sway index for balance tests of dual-limb stance in functional
instability (Fl) and noninjured (NI) groups: trial 1, stable, eyes open
(eo); trial 2, stable, eyes closed (ec); trial 3, medial/lateral tilt (eo);
trial 4, medial/lateral tilt (ec); trial 5, linear left/right (eo); trial 6,
linear left/right (ec). SD = standard deviation.

perform a power analysis a priori for sway index because at the
time of this study, we could find no statistically significant
values published in the literature. We were, however, able to
perform a priori power analysis for concentric strength data.
Based on the findings of Wong et al20 and using the most
conservative estimate of power, we determined the statistical
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Table 3. Talar Tilt Angles (degrees) on Stress Radiographs Using Telos IIGA Stress Device at 0, 6, 9, 12, and 15 daN of Force*
6 daN

12 daN

9 daN

15 daN

Subject

% Rupture

Nl

Fl

Nl

Fl

Nl

Fl

Nl

Fl

1

WNL
73% ATF
WNL
100% ATF
and CF
60% ATF
35% ATF
100% ATF
and CF
100% ATF
and CF
50% ATF

.43
.40
1.3

.6
2.25
.9
2.4

.54
1.7
2.2
1.9

.9
3.19
1.8
4.9

.63
2.41
2.8
2.7

1.4
4.29
1.5
5.9

.75
3.37
3.1
3.4

1.7
5.14
3.5
6.9

.5
1.3
3.1

1.6
1.9
8.0

1.7
1.9
3-2

2
3
4
5
6
7
8
9

1.2

10.6

3.0

1.0

2.5

2.7

2.6
2.8
10
.< ?• (nift h
15.0
2.8

2.1
3.3
4.7

3.1
4.3
10.2

2.8
4.9
4.1

4.0

21.5

4.6

24.9

3.0

4.4

3.9

6.1

3.9
6.4
11.3

'. ;v ;" .=h:K';^'fM.

Nl = noninjured, Fl = injured, WNL = normal limits, ATF = anterior talofibular ligament, CF = calcaneofibular ligament, daN = decaNewtons.

power of our strength assessments to be 66%. A post hoc
power analysis of the peak inversion torque data revealed a
power of 58%, while all other analyses revealed lower power
values.
There were no significant differences in postural sway
between uninjured and functionally unstable ankles. Our re
sults are in contrast to previous studies that tested balance
deficits using a subjective modified Romberg test.5 ' 13 How
ever, our results are in agreement with other studies7'9' 15 that
used quantitative measurements and failed to show a decrease
in postural stability between functionally unstable and unin
jured limbs after ankle injury. Unlike the Tropp7 study, we did
not find differences between the Fl group and the Nl group.
One possible explanation may be the method of subject
recruitment. The subjects from the previous study7 had con
sulted an orthopaedist regarding their injuries. The subjects
from our study suffered from functional instability, but were
not in need of a physician at the time of the study. We chose
our subject criteria because, although these subjects did not
seek a physician's advice upon reinjury, they represented a
population of individuals who are evaluated in athletic training
rooms daily, who suffer from recurrent injury, and who endure
residual ankle disability year after year.
We found very little relationship between the relative degree
of mechanical instability and postural sway index. This is in
agreement with Tropp et al,9 who found that mechanically
unstable ankles did not show a decreased ability to maintain
postural stability when measured with stabilometry under static
conditions. The poor relationship between mechanical instabil
ity and postural sway in our study was surprising. We thought
that there would be a positive relationship because if subjects'
mechanoreceptors are disrupted from injury, postural response
should be delayed, particularly when perturbed in a medial and
lateral tilting direction. This finding suggests that factors other
than damaged mechanoreceptors (due to ruptured ligaments)
may be the cause of functional instability or perhaps that other
afferents are compensating for the injured mechanoreceptors.
Muscle and skin afferents may be providing adequate feedback
while the foot is in a closed chain position and skin and
muscles are being compressed.
230
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Perhaps a closer relationship exists between functional
instability and joint position sense than between functional
instability and postural sway or peroneal muscle weakness.
Glencross and Thornton8 showed that subjects with mechani
cally unstable ankles were unable to correctly reproduce
previously positioned joint angles of 30°, 40°, and 50° of
plantar flexion. The more severe the injury, the greater the
degree of error in joint replication. 8 In our study, the degree of
instability appeared to have no effect on postural sway. In the
Glencross and Thornton8 study and the Click et al28 study,
subjects performed tests in an open chain position, while our
subjects performed postural sway in a closed chain position.
The results of our study indicate that if decreased proprioception is a cause of functional instability, it is not apparent when
the foot is in contact with the floor. Perhaps there is a decrease
in proprioception during open chain activity that has an effect
on foot placement before heel strike, but this decrease did not
reveal itself in postural sway measures.
Previous studies have shown no strength differences in
inversion and eversion concentric strength between dominant
and nondominant ankles at 30° and 120°/sec 19'20 and 60°/sec,7
with the exception of eversion strength in women at 30°/sec.20
We included a noninjured group in our study because of the
lack of eccentric inversion and eversion strength data in
previous studies. We found no significant differences between
DOM and NOND limbs in the Nl group for eccentric eversion
peak torque. Although our sample-size was not large, we have
begun to establish normative data. We suggest additional
research using larger sample sizes in the area of eccentric
eversion strength in injured and uninjured ankles. Wong et al20
found no significant differences between males and females in
inversion and eversion peak torque when normalized for body
weight. Although there is some disparity in the characteristics
of our two groups, we feel that, based on the work by Wong et
al,20 comparisons of our groups after normalizing the data are
acceptable.
We found that as the relative degree of mechanical instabil
ity increased, there was a decrease in inversion eccentric peak
torque as compared with the uninjured limb (Pearson r —
—0.71). This was in contrast to our expected results. We

thought there would be a strong negative correlation with
eversion strength deficits, and if there was a relationship with
inversion strength, it would be a positive correlation (ie, as
mechanical instability increases, inversion strength increases).
An increase in inversion strength would cause a smaller
evertor-to-invertor ratio, which may predispose the individual
to inversion injury. It is unclear why the inverter strength of the
FI group appeared to decrease as instability became greater.
We found no injured versus uninjured limb differences in
inversion or eversion strength in the FI group. We did not find
any isokinetic eccentric eversion strength data in previous
studies for comparison purposes. Previous research of ankle
concentric eversion strength reveals variable results. In a
retrospective study, Bosien et al 1 reported peroneal muscle
weakness (through manual muscle testing) as the cause of
chronic ankle symptoms. Lentell et al 13 showed no significant
differences between concentric isokinetic strength of the evertors in uninjured and chronically unstable ankles at 0° and
30°/sec. However, Tropp7 did find a significant difference in
evertor muscles when tested concentrically at 30° and 120°/
sec.
Glick et al28 showed that subjects with mechanically unsta
ble ankles exhibited increased degrees of inversion just before
heel strike during normal walking. They further showed that,
when ankles were taped, three of four subjects showed in
creased contraction time of the peroneus brevis before heel
strike. 28 If an individual with an unstable ankle strikes the heel
(during normal walking) in an inverted position or is following
through the stance phase in a hypersupinated position, the
ankle evertors must act to stabilize the ankle with every step.
This could be one possible explanation for the lack of a
significant decrease in evertor strength, despite not having
participated in rehabilitation. If this is the case, however, those
with severe mechanical instability may show even increased
eversion strength. Regardless of foot position, the ankle mus
culature is called upon to act during every step. Although
subjects did not perform rehabilitation before the testing,
walking and functional activities alone may have acted to
return muscle function in the injured ankle. Additionally, ankle
sprains often involve high-speed contractions. 13 We evaluated
eccentric strength at 90°/sec in an open chain position. We
suggest further study involving higher-speed eccentric contrac
tions and perhaps new methods of assessing closed chain
strength about the ankle.

CONCLUSIONS

The results of this study revealed no significant difference
between functionally unstable and noninjured subjects in either
postural sway or inversion and eversion strength measures.
Due to the small number of subjects and the corresponding low
power, we recommend that this study be used as a model for
future studies with a larger sample size.
Functional instability remains an ongoing symptom in sub
jects suffering acute lateral ankle sprains. The degree to which
strength loss, proprioceptive deficits, and mechanical instabil
ity contribute to functional instability has not yet been deter

mined. Future research should include analysis of proprioception in an open chain position in subjects with a functionally
and/or mechanically unstable ankle and assessment of postural
sway using various dependent measures, such as maximum
sway distance, equilibrium scores, and a ratio of eyes-open to
eyes-closed conditions. Additionally, strength testing in a
closed chain position, eccentric testing at speeds greater than
90°/sec, analysis of the concentric-eccentric relationship of
evertors, and angle of peak torque in the functionally unstable
ankle should also receive attention.
;-< \v:
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Effects of Cold Water Immersion on Edema
Formation After Blunt Injury to the Hind
Limbs of Rats
Michael G. Dolan, MA, ATC, CSCS; Richard M. Thornton, PhD;
Dale R. Fish, PhD, PT; Frank C. Mendel, PhD
Objective: Despite the long history of using cryotherapy to
control edema, we found no randomized, controlled studies
providing evidence to substantiate this common clinical prac
tice. The purpose of this study was to determine whether cold
water immersion affects edema formation following blunt inju
ries in rats.
Design and Setting: The feet of 16 rats were traumatized
after hind limb volumes were determined. Four 30-minute
treatments of cold water immersion (12.8°C to 15.6°C, 55°F to
60°F), interspersed with four 30-minute rest periods, began
immediately after trauma to one randomly selected hind limb of
each rat. The limb remained in a dependent position during all
treatments, rest periods, and volumetric measurements.

E

dema is a natural part of the inflammatory process,
which is initiated by virtually any trauma, including
athletic injuries. Uncontrolled edema can cause in
creased pain, prolonged immobilization, and reduced range of
joint motion, all of which may extend time to recovery. 1 '2 A
primary goal in the initial management of orthopaedic injuries
is prevention of excessive edema. 2'3 Cryotherapy, in conjunc
tion with compression and elevation, is commonly accepted as
an effective method of controlling edema after acute athletic
trauma.4'5 '6'7 Cryotherapy is thought to reduce acute edema
formation by decreasing blood flow,8'9 metabolic activity, 8' 10
and permeability of post-capillary venules. 11 In addition to
cold, elevation, and compression, clinicians often use other
modalities such as immobilization, 7 foam rubber horse
shoes, 12' 13 electrical stimulation, 14 and intermittent compres
sion units' 5 to control edema formation. The value of combin
ing modalities is unknown, but the use of multiple modalities
and treatments has made it impossible to determine whether
cold alone is effective.
Because clinical trials are difficult to control, we have
designed mock clinical trials using rats as subjects. Using rats,
rather than humans, allowed us to control age, gender, size, and
degree and location of injury. In addition, the effects of drugs
Michael G. Dolan is an associate professor and athletic trainer in the
Department of Sports Medicine and Exercise Sciences at Canisius
College, Buffalo, NY. Richard M. Thornton is a postdoctoral fellow in
the Department of Physical Therapy and Exercise Science at the State
University of New York at Buffalo, Buffalo, NY. Dale R. Fish is an
associate professor and director of the Program in Physical Therapy at
the State University of New York at Buffalo, Buffalo, NY. Frank C.
Mendel is an associate professor in the Department of Anatomy and
Cell Biology at the State University of New York at Buffalo, Buffalo, NY
14214.

Subjects: Sixteen anesthetized Zucker Lean rats were used
in the study.
Measurements: Limb volumes were measured after each
treatment and rest period for a total of 4 hours.
Results: The volume of treated limbs was significantly
smaller (p < .05) than the volume of untreated limbs after the
first treatment and remained smaller throughout the experi
ment.
Conclusions: Immersing rat limbs in 12.8°C to 15.6°C (55°F
to GOT) water immediately after blunt injury was effective in
curbing edema formation.
Key Words: cryotherapy, swelling, animal model

or placebo were eliminated. Despite the long history of using
cold to control edema, we found no positive evidence from
randomized, well-controlled studies that cold curbs the forma
tion of edema or reduces pre-existing edema. Indeed, several
studies on acute edema formation in nonhuman animals have
shown that cold increases edema formation. 16' 17 However, in
these studies cold was applied for up to 24 continuous hours,
not as it is applied in modern therapeutic settings. 17 The
purpose of our study was to determine if cold water immersion
applied in a manner consistent with current clinical practice is
effective in curbing edema formation following traumatic
injury in rat hind limbs.
METHODS

Subjects
Sixteen Zucker Lean rats (Harlan Sprague Dawley, Inc.,
Indianapolis, IN), weighing 244 g to 332 g (mean, 283 g), were
used in this study. The animals were provided food and water
ad libitum. The methods of anesthesia and handling proce
dures, including mode of traumatizing hind limbs and sacrifice,
were approved by the Institutional Laboratory Animal Care
Committee of the State University of New York at Buffalo.
Instrumentation and Procedures
Impact injury was induced by a procedure similar to that
described by Mendel et al. 18 This consisted of dropping a steel
rod weighing 85.5 g through a vertical tube from a height of 30
cm onto the plantar aspect of each foot just distal to the
malleoli. A rectangular piece of plastic (2 X 2 X 0.5 cm) was
Journal of Athletic Training

233

interposed between foot and tube to distribute the force of
impact. This method of inducing trauma resulted in changes in
limb volume that were attributable to edema formation and not
frank bleeding; ie, it caused tissue damage without rupturing
major vessels. 14' 19'20'21 In previous studies, the height of the
weight dropped was adjusted so that bleeding and skin rupture
were avoided. 14' 19'20'21 Furthermore, the skin on these rats is
translucent, and we observed no change in color throughout the
procedures.
Limb Volume Measurement
Limb volumes were determined by immersing a hind limb
and measuring the amount of water displaced in a manner
similar to that reported by Mendel et al. 18 The immersion
vessel was 2 cm in diameter and 6 cm long (Fig 1). The inferior
end of the vessel tapered and was an additional 6 cm long. A
three-way stopcock was attached so that the vessel could be
rapidly filled through the tapered end of the vessel. A 23-gauge
stainless steel tube, 3 cm long and bent 90° in the middle, was
fixed with epoxy to the inside wall so that 1.5 cm of the tube
extended into the immersion vessel. The end of the tube
outside the vessel was attached via polyethylene tubing and a

23-gauge needle to a 5-cc syringe. Using this tubing complex
as a siphon, the water level in the immersion vessel could be
brought to the same level repeatedly. A 3-cm piece of 2-0
thread was fixed with white plastic tape to the outside surface
at the exact level of the tip of the stainless steel tube in the
vessel. Animals, suspended in cloth slings, were prepared for
volume measurement by painting lines at the level of their
malleoli. Animals were then lowered by camera booms until
the lines painted on the hind limbs aligned with the threads
fixed to the immersion vessels (at the level of the tips of the
stainless steel tubes). Displaced water was collected in 5-cc
syringes by siphoning and was weighed on an S-300D micro
balance (Fisher Scientific, Pittsburgh, PA). The weight of the
fluid collected was equivalent to the animal's limb volume (1
g = 1 mL).
Reliability and Validity of Measurement System
Before initiating experiments, the reliability and validity of
the volume measurement system were established by determin
ing the volume displacement of a small aluminum cylinder
(1.270-cm diameter by 3.160-cm length). The use of an
inanimate object to determine reliability and validity was
deemed more appropriate than using volume measurements
from animals because it has been shown that, in the dependent
position, the volumes of nontraumatized limbs change over
time. 18 Mean cylinder volume as determined from 13 consec
utive measurements was 3.949 mL (standard error, ± 0.007,
range, 3.919 mL to 3.982 mL). When the cylinder volume was
measured 13 more times, mean cylinder volume was 3.940 mL
(standard error, ± 0.001, range, 3.934 mL to 3.947 mL). The
true volume of the cylinder calculated from physical dimen
sions (see above) was 4.003 mL. This is 0.054 mL and 0.063
mL, respectively, greater than the volume of the cylinder as
measured with our method, which represents an underestima
tion of cylinder volume by our measuring method of 1.57% or
less. Thus, our method of determining volume displacement is
reliable and valid.
Immersion of traumatized limbs was accomplished by low
ering an animal, via a camera boom, until its hind limbs were
immersed to the level of their painted lines in 100-mL beakers
of water. Water in the treatment beakers was maintained at
12.8°C to 15.6°C (55°F to 60°F). This range was selected after
a review of the literature. 16' 17'22 Water in the control beakers
was at room temperature (22°C to 25.5°C, 72°F to 78°F). This
temperature range was selected because Matsen et al 17 reported
that it had no therapeutic effect. Both beakers rested on an
electric stirring plate that kept the water in constant motion.
Body Temperature

Fig 1. System for measuring limb volumes.
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Because anesthesia can cause body temperature to fall,23
body temperature was regulated throughout these experiments.
A rectal probe was inserted 6 cm to 8 cm and connected to a
YSI Tele-thermometer (Yellow Springs Instruments Co, Yel
low Springs, OH), and body temperature was recorded
throughout the experiment. Body temperature was regulated at
37°C ± 1°C by directing a 60W lamp at or away from an

animal. The temperature of the cold water beaker was also
monitored continuously with a YSI Tele-thermometer and
probe. As the temperature of the cold bath increased, shaved
ice chips were added to the beaker to maintain temperature
between 12.8°C and 15.6°C.
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Each rat was anesthetized by an intraperitoneal injection of
sodium pentobarbital (Abbott Laboratories, North Chicago, IL)
(60 mg/kg of body weight), which was supplemented over the
course of the 4-hour experiment as needed with 0.05-mL doses.
After being anesthetized, limbs of animals were shaved and the
animals were placed in cloth slings and suspended at 45°
(caudal end down) with both hind limbs fully exposed and in
dependent position. Lines were painted at the level of malleoli,
and rectal probes were inserted.
After being suspended for approximately 20 minutes, the
pre-trauma volume of each hind limb was determined. Both
hind limbs of each rat were then injured by dropping a steel rod
onto the plantar aspect of each foot just distal to the malleolus.
Hind limb volumes were measured, and within 5 minutes of
injury, the hind limbs were immersed in separate 100-mL
beakers. One randomly selected limb was immersed in cold
water and the other in room temperature water (22°C to
25.5°C). Treatment continued for 30 minutes, followed imme
diately by determination of each limb's volume. This was
followed by a 30-minute rest period during which animals
hung in their slings with their limbs in the dependent position
and exposed to room temperature air. After removal from
water beakers and before volume measurement, the limbs were
dabbed with tissue paper to remove adherent water and to
minimize evaporative cooling. At no time were the limbs
rubbed or squeezed during drying. The volume of both limbs
was again determined after the rest period. This sequence of
events continued for three more cycles, so that at the conclu
sion of an experiment the animal had received four treatments
interspersed with four rest periods. At the conclusion of the
experiment, animals were sacrificed by overdose of sodium
pentobarbital administered by intraperitoneal injection.
Data Analysis

Treated and untreated (control) limbs differed only in the
temperature of the water to which they were exposed. Again,
assignment of limb to treatment or control was random. Data were
expressed as changes from pretrauma hind limb volumes per
kilogram of body weight to minimize the effects of size on
amount of swelling. Analyses of variance for repeated measures
were used to test the null hypothesis that cold would not influence
post-traumatic limb volumes. A 0.05 level of significance was
selected. Tukey post hoc tests were applied to the limb volumes of
treated and untreated limbs at each time interval.
RESULTS

The volume of treated limbs was significantly smaller than
that of control limbs (F(l,9) = 4.86, p = .03); (Fig 2). Tukey
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Fig 2. Mean changes in volumes of treated and untreated hind
limbs over time. Vertical lines depict standard errors. Pre-T is
pretrauma limb volume and Time = 0 is 3 to 4 minutes post-trauma.
Tukey post hoc tests showed that volumes of treated limbs were
significantly less than those of untreated limbs at all times after the
first treatment.

post hoc tests showed that the volume of treated limbs was
significantly less than that of untreated limbs at all times after
the first treatment.
,;
DISCUSSION

In our study, exposure to 12.8°C to 15.6°C water curbed
edema formation after blunt trauma in rats. It did so despite
limbs' being in the dependent position throughout treatments,
rest periods, and volumetric measurements. We maintained
limbs in the dependent position throughout data collection
because placing them in virtually any other position could be
construed as therapeutic. Further, we chose to keep rats
anesthetized throughout data collection because we wanted to
eliminate as variables pain, stress, and sympathetic activity.
Anesthesia also eliminated the exercise effect produced by
muscle activity (ie, muscle pump) or behavior such as rubbing
or licking that might in some way have influenced limb
volumes.
This experiment did not elucidate the physiologic mecha
nisms cold invokes to curb edema formation. Knight, 10 how
ever, speculated that cold reduces blood flow by increasing
viscosity and causes vasoconstriction, which further reduces
blood flow in an injured area. Reduced blood flow should also
result in less fluid volume at the injury site. Knight 10 further
speculated that reducing metabolic activity in cells that survive
the original trauma renders them less susceptible to hypoxia
(secondary trauma), and, hence, the total number of cells
traumatized is reduced, as is the resulting edema. That cold can
reduce metabolic demand and therefore reduce blood flow was
recently demonstrated in a study by Ho et al. 8 They used
triple-phase technetium bone scans to examine the effects of an
ice wrap applied to a nontraumatized knee. Cooling with ice
resulted in a 38.4% reduction in arterial blood flow to the knee.
They interpreted the 19.3% decrease seen in the bone uptake of
Journal of Athletic Training
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technetium as an indication that cold reduced bone metabo
lism.
Previous Literature

A review of nonhuman animal studies designed to determine
the effects of cold on post-traumatic edema reveals that
exposure to temperatures lower than 20°C tends to increase
swelling. Indeed, when limb volumes are measured 1 or more
days after injury, the least swelling occurs when limbs are
cooled little if at all. Matsen et al 17 used New Zealand white
rabbits as subjects in an experiment to determine the effects of
cold on mechanically induced midshaft tibial fractures. Prefracture volumes were determined using a water displacement
system. Limbs were treated for 6 hours or 24 hours, with water
ranging in temperature from 5°C to 25°C. Limbs were mea
sured immediately after treatment, 6 hours after treatment, and
then daily for 4 consecutive days. Limbs that were cooled with
water between 5°C and 15°C for 24 hours were significantly
more swollen than control limbs (maintained at 32°C) 1 and 2
days after treatment. The volumes of limbs cooled with water
at 20°C to 25°C were not different from those of control limbs
at any time, and neither were the volumes of limbs cooled with
water at 10°C for only 6 hours. Farry et al22 concluded that no
regimen of cooling lessens edema and that there is a detrimen
tal effect with temperatures below 15°C. Farry et al22 corrob
orated a detrimental effect when they reported that traumatized
radiocarpal ligaments of a small sample of domestic pigs,
cooled by ice, showed less histologic evidence of inflamma
tion, but increased swelling relative to controls. They also
reported that 48 hours after two 20-minute applications of
crushed ice, the volumes of nontraumatized and traumatized
limbs were greater than those of controls. Jezdinsky et al 16 also
reported that cooling rat limbs at 12.3°C for 2 hours to 10 hours
failed to influence edema formation, but caused significant
swelling soon after the cold was removed. McMaster and
Liddle24 examined effects of 20°C and 30°C water baths on
edema in a small number of rabbit limbs following crush
injury. Relative to controls, a single 1-hour exposure to 20°C
water seemed to exacerbate swelling 4 hours to 6 hours after
injury, whereas exposure to 30°C water did not. Unexpectedly,
three 1-hour exposures to either 20°C or 30°C water, inter
spersed with 1-hour rests, more than doubled swelling relative
to control limbs 4 hours and 6 hours after similar injury in
another group of rabbits. Rabbits were laid on platforms with
their injured limbs in the dependent position, at least during
treatments, whereas injured but untreated limbs of control
rabbits were not stated to be in this position. Thus, it is possible
that prolonged dependent positioning of treated limbs may
have enhanced swelling relative to control limbs, which may
have been in some other position, perhaps even horizontal.
Speculations aside, however, the single 1-hour exposure to
30°C water might be interpreted to curb edema relative to
controls, but only in the first hour after injury.
Our results are seemingly the first from a controlled,
randomized study to confirm the long-held belief that cold is
effective in curbing the formation of acute edema. Cold, as we
applied it, curbed edema formation even with limbs in depen
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dent position. We observed, seemingly for the first time, a
treatment effect during application of cold that others 16' 17'22
observed to exacerbate edema. Further, we did not witness an
increase in edema after the removal of such cold temperatures,
although we did not track limb volumes for a day or more as
other observers did. We speculate that we observed a different
outcome because we exposed limbs for much less time than did
previous investigators.
Clinical Trials

A review of human studies designed to determine the
efficacy of cryotherapy suggests that cold is interpreted to be
effective in controlling edema. However, these studies suffer
from poor experimental design or lack of proper controls.
Basur et al25 treated patients who had ankle injuries with crepe
bandaging or cryotherapy for 48 hours, followed by crepe
bandaging. The number of patients who were pain free and
without restricted ankle movement was greater at 2 days and 7
days postinjury in the group treated with cryotherapy compared
with the group that had not received cryotherapy. However, it
was not clear whether, because of the cold gel pack, the
cryotherapy group was more restricted in movement than the
group that was only bandaged. It is possible that the difference
between the two groups was more a reflection of mobility than
effectiveness of cold treatment. Sloan et al26 treated patients
within 24 hours of injury with a single 30-minute application of
cold and elevation and a sustained course of anti-inflammatory
medication. Seven days later, the patients were examined and
compared with a group of patients who had not received cold
or elevation, but who had been treated with anti-inflammatory
drugs. Not surprisingly, the authors concluded that a single
cold treatment had little effect.
Two other studies often cited in support of the efficacy of
cryotherapy lack proper control groups. Hocutt et al27 com
pared the efficacy of cryotherapy with that of heat therapy in
patients with ankle sprains. Those receiving cold treatment and
adhesive bandages within 36 hours of injury recovered more
quickly than those receiving heat and elastic bandages. How
ever, it is unclear whether the patients treated with cold
recovered more quickly or if the recovery of those treated with
heat was inhibited. Additionally, it is impossible to know if
those treated with cold recovered more quickly than if they had
not been treated with cold because a control group without
treatment was not included in this study. Results from a more
recent study by Cote et al28 are equally ambiguous. In their
study, the effects on ankle injury (beginning 3 days after
injury) of cold, heat, and contrast baths were compared. The
authors concluded that all three treatments increased edema,
although cold caused less of an increase than the other two.
Descriptive statistics provided by the authors, however, indi
cate that cold had virtually no effect on pre-existing edema
because volumes were essentially the same before and after
treatments. Conversely, volumes measured following treat
ment with heat or contrast baths increased. None of the
treatments as applied by Cote et al28 reduced pre-existing
edema.

I
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i

Our study addressed neither the physiologic mechanism(s)
by which cold curbs edema formation nor the effects of cold on
pre-existing edema. We, like Knight,3 think it unlikely that
cold will have any appreciable effect on existing edema other
than perhaps by reducing pain, which is known29 to affect the
inflammatory process, including, presumably, edema forma
tion. We need to confirm in further experiments that cold is
indeed effective in curbing acute edema, and, if so, attempt to
optimize its application. Once that task is complete, we can
compare outcomes from other modalities or combinations of
modalities applied to experimental limbs with a cold standard
applied to control limbs. These experiments should allow us to
assess the relative efficacy of various current and future
protocols. This study represents the first step in this process.
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Cold- and Hot-Pack Contrast Therapy:
Subcutaneous and Intramuscular
Temperature Change
J. William Myrer, PhD; Gary Measom, RN, PhD; Earlene Durrant, EdD;
Gilbert W. Fellingham, PhD
Objective: To investigate the temperature changes in sub
cutaneous and intramuscular tissue during a 20-minute coldand hot-pack contrast therapy treatment.
Design and Setting: Subjects were randomly exposed to 20
minutes of contrast therapy (5 minutes of heat with a hydrocollator pack followed by 5 minutes of cold with an ice pack,
repeated twice) and 20 minutes of cold therapy (ice pack only)
in a university laboratory.
Subjects: Nine men and seven women with no history of
peripheral vascular disease and no allergy to cephalexin hydrochloride volunteered for the study.
Measurements: Subcutaneous and intramuscular tissue
temperatures were measured by 26-gauge hypodermic needle
microprobes inserted into the left calf just below the skin or 1
cm below the skin and subcutaneous fat, respectively.

C

ontrast therapy, the repeated alternation of thermother
apy and cryotherapy, is a common treatment for postacute soft tissue injury. '~ 13 Though long used, scientif
ically validated parameters for temperature, sequence order,
time for heat and cold, and total treatment time have not been
established. Myrer et al 14 was the only previous study found
that investigated the effects of contrast therapy on intramuscu
lar temperature. Myrer et al studied the intramuscular temper
ature change experienced 1 cm below the skin and subcutane
ous fat in the lower leg over a 20-minute treatment. The
treatment was a 4-minute hot immersion (40.6°C) followed by
a 1-minute cold immersion (15.6°C) repeated four times. They
concluded that "contrast therapy as studied is incapable of
producing any significant physiological effect on the intramus
cular tissue temperature 1 cm below the skin and subcutaneous
tissue." 14
We propose that, for most of the physiologic effects attrib
uted to contrast therapy to occur, substantial fluctuations in
tissue temperature must be produced with the alternations from
the heat to the cold or vice versa. Because our primary
investigation failed to prove the effectiveness of the most
accepted regimen for contrast therapy, it is critical to determine
whether other protocols produce the fluctuations we feel are
necessary to manifest the physiologic effects attributed to
contrast therapy.
J. William Myrer is an associate professor of physical education, Gary
Measom is an assistant professor of nursing, Earlene Durrant is a
professor and department chair of physical education, and Gilbert W.
Fellingham is an associate professor of statistics at Brigham Young
University in Provo, UT 84603-2717.
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Results: With contrast therapy, muscular temperature did
not fluctuate significantly over the 20-minute period compared
with the subcutaneous temperature, which fluctuated from 8°C
to 14°C each 5-minute interval. When subjects were treated
with ice alone, muscle temperature decreased 7°C and subcu
taneous temperature decreased 17°C over the 20-minute treat
ment.
Conclusions: Our results show that contrast therapy has
little effect on deep muscle temperature. Therefore, if most of
the physiologic effects attributed to cold and hot contrast
therapy depend on substantial fluctuations in tissue tempera
ture, contrast therapy needs to be reconsidered as a viable
therapeutic modality.
Key Words: cryotherapy, thermotherapy, rehabilitation

The purpose of this in vivo study was to investigate the
temperature change in subcutaneous and intramuscular tissue
during a 20-minute cold- and hot-pack contrast therapy treatment.
METHODS

Sixteen college students (9 men, age = 25.2 ± 3.4 yr, wt =
82.9 ± 12.7 kg, calf skinfold = 17.2 ± 7.5 mm, calf girth =
38.8 ± 2.4 cm; 7 women, age = 21.1 ± 2.5 yr, wt = 58.3 ±
9.6 kg, calf skinfold = 20.9 ± 8.0 mm, calf girth = 35.2 ± 2.4
cm) volunteered as subjects and signed Brigham Young
University's approved consent form. We verbally screened
subjects for a history of peripheral vascular disease or allergy
to cephalexin hydrochloride (Keftab, Dista Products, Indianap
olis, IN). To minimize the risk of infection, we administered
one 500-mg dose of cephalexin hydrochloride immediately
before the experiment. Each subject was instructed to take
three similar doses at 6-hour intervals following the conclusion
of the experiment. All subjects participated in both treatments
(contrast and control). The experimental design was stratified
to ensure that eight subjects would begin with contrast and that
the other eight would begin with the control treatment.
For all subjects, we measured height, weight, and maximum
calf girth of the left lower leg. The skinfold of the posterior left
lower leg was measured with a Lange Skinfold Caliper
(Cambridge Scientific Industries, Ltd, Cambridge, MD), and
we divided this measurement by two to determine the depth of
subcutaneous fat over each subject's gastrocnemius. Subjects
assumed a prone position on a standard examining table. A 4 X
4-cm area of skin was shaved over the left medial calf. We
cleansed this area thoroughly, first with a 10% povidone-iodine

(Betadine, Purdue Frederick, Norwalk, CT) scrub and then
with a 70% isopropyl alcohol swab.
Subcutaneous and muscle tissue temperatures were mea
sured with 26-gauge hypodermic needle microprobes (Physitemp MT-26/2 and MT-26/4, Physitemp Instruments, Inc,
Clifton, NJ). The microprobes were sterilized in a gas auto
clave using ethylene oxide, following hospital sterilization
procedures. The intramuscular microprobe (MT-26/4) was
inserted from the side into the left medial calf. The sensor tip
of this probe was positioned in the center of the lower leg to a
depth of 1 cm below the subcutaneous fat and skin. Both
microprobes were inserted using sterile technique. We mea
sured the appropriate vertical distance down from the posterior
surface of the lower leg with a caliper to ensure that the probe
was inserted at the proper depth. 14 A second probe (MT-26/2)
was inserted just below the skin, perpendicular to the first, so
that its sensor tip was approximately 0.5 cm distal to the sensor
tip of the first probe (Fig 1). The microprobes were then
connected to a digital monitor (Bailey Instruments BAT-12,
Physitemp Instruments, Inc) and after 3 minutes the baseline
intramuscular and subcutaneous temperatures were recorded.
The control (ice) treatment group had a 1.8-kg ice pack
(approximately 25 X 30 X 5 cm) placed directly over the
triceps surae muscle group for 20 minutes (Fig 2). The contrast
group first had a 5-minute application of a standard hydrocol
lator pack (25 X 30 cm) consisting of hydrophilic silicate gel
encased in a canvas outer cover (Tropic Pac, JA Preston
Corporation, Jackson, MI). This was followed by a cold
treatment similar to that of the control group, but for only 5
minutes. This was repeated twice for a total treatment time of
20 minutes. The hydrocollator was thermostatically controlled
at 75 °C (Model MZ, Chattanooga Corporation, Chattanooga,
TN). A commercial terry cloth cover and two layers of
toweling were used to protect the subjects from excessive heat
(Fig 3). After the first hot-pack application, the hydrocollator
pack was immediately returned to the hydrocollator until
needed for the second application. We recorded intramuscular
and subcutaneous temperatures every 30 seconds over the
entire treatment time and for 30 minutes posttreatment. Imme
diately following the 30-minute posttreatment period of the
first treatment we began the second treatment. At the conclu-

Fig 1. Insertion of the subcutaneous needle microprobe.

Fig 2. Placement of the ice pack, directly on the skin, over the
triceps surae muscle group.

Fig 3. Placement of the hydrocollator pack over the triceps surae
muscle group, which has been wrapped in a terry cloth cover over
two layers of toweling.

sion of the second treatment and recovery period, we
removed the microprobes, dried the limb, swabbed the area
with 70% isopropyl alcohol, and applied an adhesive ban
dage over the site. We recorded the dry and wet bulb
temperatures and relative humidity of the room over the
duration of the study.
We performed a multivariate analysis of variance
(MANOVA) (p < .05) on our data to determine whether a
significantly different pattern of temperature change existed,
from baseline through each 5-minute interval to the end of
treatment, between the contrast and control groups and be
tween the subcutaneous and intramuscular tissue. We analyzed
the magnitude of the temperature change from baseline in
5-minute intervals (5, 10, 15, and 20 minutes) for each
treatment and tissue with paired t tests. Paired t tests were also
used to analyze the rate of temperature change between
adjacent 5-minute intervals. We used Pearson's productmoment correlation to determine the relationship between
intramuscular temperature change and gender, weight, calf
girth, and calf skinfold in the contrast and the control groups.
Journal of Athletic Training

239

RESULTS

Table 1. Temperature Change from Baseline

There were significant differences between treatments and
tissues in the patterns of temperature changes from baseline
through each 5-minute interval to the end of treatment (F(12, 151)
= 44.0, p = .(XX) 1) (Fig 4). Muscle temperature in the contrast
group did not fluctuate significantly throughout the treatment after
the initial increase due to the first hot-pack application. Subcuta
neous tissue temperature, however, did fluctuate significantly
from baseline and between hot and cold applications during the
contrast treatment (Tables 1 and 2). During the contrast treatment,
the mean temperature change subcutaneously varied from 8°C to
14°C over each 5-minute interval of contrast (p < .0001), while
the greatest mean fluctuation intramuscularly was approximately
0.5°C.
The control (ice) group experienced significant temperature
decreases from baseline and between 5-minute intervals
throughout the 20-minute treatment (Tables 1 and 2). The
20-minute ice treatment decreased intramuscular and subcuta
neous temperatures approximately 7°C and 17°C respectively
(p < .0001).
There were no significant correlations between intramuscu
lar or subcutaneous temperature changes and gender, weight,
or calf girth in the contrast and the control groups. There was
not a significant correlation between skinfold and subcutane
ous temperature change in either group. However, there were
significant correlations between skinfold and intramuscular
temperature change in both the contrast and control groups. In
the ice group there was a significant (p < .05) negative
correlation between skinfold and temperature change for the
first 15 minutes of the treatment. That is, the lower the
skinfold, the greater the intramuscular temperature change and
Mean Temperature Change Over Time
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Fig 4. Temperature change during the contrast and control treat
ments in subcutaneous and intramuscular tissue.
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Contrast

Control (Ice)

Time (min)

Muscle
(°C ± 2 SE)

baseline
5

33.31 ± 1.43
.74 ± 0.35*

:•'• 'f •• .46 ± 0.53

10

3

15
20

# ,vU>-:-i .27 ± 0.67

baseline
5
10
15
20

.24
34.91
-1.94
-3.88
-5.67
-7.09

±
±
±
±
±
±

1.02
0.72
1 .43*
1.83*
2.01*
2.04*

Subcutaneous
(°C ± 2 SE)
31.04
8.13
-6.03
5.68
-5.84
32.78
-10.87
-13.81
-15.60
-16.97

±
±
±
±
±
±
±
±
±
±

1.25
1.34*
2.03*
1.42*
2.89*
0.54
2.23*
1.87*
1.82*
1.91*

*Significant (p < .05)
Table 2. Temperature Change Between Adjacent 5-Min Intervals
Treatment

Interval (min)

Contrast

Control (Ice)

baseline
0-5
5-10
10-15
15-20
baseline
0-5
5-10
10-15
15-20

Muscle
(°C ± 2 SE)
33.31
0.74
-0.28
-0.19
-0.51
34.91
-1.94
-1.94
-1.79
-1.42

±
±
±
±
±
±
±
±
±
±

1.43
0.35*
0.59
0.41
0.63
0.72
1 .43*
0.54*
0.39*
0.36*

Subcutaneous
(°C ± 2 SE)
31.04
8.13
-14.16
11.71
-11.53
32.78
-10.87
-2.94
-1.79
-1.37

±
±
±
±
±
±
±
±
±
±

1.25
1.34*
2.41*
1.96*
3.48*
0.54
2.23*
0.65*
0.37*
0.29*

* Significant (p < .05)

vice versa. In the contrast group during the hot-pack applica
tion there was not a significant correlation between skinfold
and intramuscular temperature change, but during the ice-pack
application there was a negative correlation (p < .05). The dry
and wet bulb temperatures and relative humidity of the room
were 22.7 ± 0.58°C, 12.9 ± 0.88°C, and 32.6 ± 5.8%,
respectively, over the duration of the study.
DISCUSSION
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The information concerning the use and effectiveness of con
trast therapy in sports medicine has largely been empirical. Myrer
et al 14 was the first study to scientifically examine the common
hydrotherapy contrast protocol of a 4-minute bath in hot water
followed by a 1-minute bath in cold water, repeated four times.
We undertook this investigation because the results of that first
study indicated that nonsignificant temperature fluctuations oc
curred between hot and cold immersions, as well as over the total
treatment. In an attempt to see if we could produce the significant
temperature fluctuations we feel are necessary to produce the
physiologic effects attributed to contrast therapy, we varied
several factors from the Myrer et al 14 study. We changed the
modality from hydrotherapy to ice packs and hydrocollator packs.
This produced a greater temperature gradient between the heat
and the cold than that produced in Myrer et al. 14 The greater the
temperature gradient, the greater the heat transfer.8' 15"19 We also
increased the duration of each heat and cold application. The
longer the superficial heat or cold is applied, the greater the total
heat transfer.8' 15" 18 Finally, because we know that the depth that

we measure is critical to the amount of heat transfer,8' 17' 19'20 we
measured the intramuscular temperature at the same depth as that
first study (1 cm below the skin and subcutaneous fat). In addition,
however, we examined temperature change subcutaneously, just
below the skin.
In spite of these changes, our intramuscular results remained
the same as the results found in Myrer et al. 14 The largest
temperature change from the end of one pack treatment to the
end of the next was 0.51 ± 1.25°C, compared with 0.15 ±
0.10°C, the temperature change from one immersion to the end
of the next in that first study. The temperature change from the
beginning to the end of the treatment in this study was 0.24 ±
2.03°C; in that first study it was 0.39 ± 0.46°C. Once again,
contrast therapy was incapable of producing any significant
physiologic effect on the intramuscular tissue temperature 1 cm
below the skin and subcutaneous fat.
It is interesting to note that significant fluctuations in
temperature did occur subcutaneously from the end of one pack
treatment to the end of the next and from the beginning to the
end of the treatment (Tables 1 and 2). This could conceivably
result in changes in peripheral circulation to the integument.
Together with the changes in sensation of heat and cold in the
skin, this perhaps accounts for the commonly held belief that
contrast therapy reduces edema through a "pumping mecha
nism" resulting from vasoconstriction and vasodilation.6' 12
Even if such a phenomenon existed, increased blood flow to
the injured area would not result in edema reduction. 6 Edema
reduction requires the removal of extravascular fluid and
proteins from the injury site. 6'21 This is accomplished by the
lymphatic system, not the circulatory system. The lymphatic
system is a passive system, and fluid movement is dependent
upon gravity (elevation) and external force provided by mus
cular contraction or compression. 6'21 '22 Circulatory changes
have little effect on lymph flow.
The effect of adipose as an insulator has been mentioned by
numerous researchers. 8' 16' 17' 19'23'24 In the control (ice) treat
ment group our results indicated that the amount of adipose
was a significant factor for 15 minutes. There was a significant
inverse relationship between skinfold and temperature de
crease. This is very important when you consider that for 75%
of a 20-minute cold treatment the amount of fat overlying the
target tissue was a significant factor in the temperature reduc
tion accomplished. In the contrast group it was interesting to
note that only during the cold-pack application was there a
significant correlation between skinfold and temperature
change. We saw that, as skinfold increased, the magnitude of
temperature fluctuation during the cold applications decreased.
The delay from the change in treatment (heat to cold or vice
versa) to the change in direction of temperature (increase or
decrease) was also longer as the skinfold increased. This
occurred probably because the temperature gradient between
the ice and the skin was greater than that between the
hydrocollator and the skin. We concur with other stud
ies8' 14' 17'24 in recommending that the percentage of body fat be
considered when using a modality that involves heating or
cooling via conduction.
Our results indicate that if most of the physiologic effects
attributed to contrast therapy depend on substantial fluctuations

in intramuscular tissue temperature, then contrast therapy
needs to be reconsidered as a viable treatment modality.
Further research using an injured model, human or animal,
would shed additional light on the efficacy of contrast therapy.
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Critical Thinking in Undergraduate Athletic
Training Education V"1H "m"l^
Donald Fuller, PhD, ATC
Objective: The purposes of this study were (a) to determine
whether or not undergraduate athletic training educators are
writing learning objectives that foster critical thinking (CT) skills,
and (b) to determine if their written assignments and written
examinations are measuring the extent to which students have
developed CT skills.
Design and Setting: Thirty institutions seeking accreditation
for their athletic training programs from the Commission on
Accreditation of Allied Health Educational Programs in the
1994-95 academic year were asked to provide their curriculum
materials (course syllabus, two to three examinations, or both
from each athletic training-specific course).
Subjects: Thirteen curriculum directors (43%) provided ma
terials.
Measurements: Each learning objective, examination ques
tion, and written assignment was classified as either CT or
non-critical thinking (NCT) using Bloom's taxonomy.

A

lthough there were a number of great thinkers through
out history, John Dewey coined the term critical
thinking (CT) in 1933.' The CT theory recognizes the
centrality of independent thought to substantiate learning and
the importance of higher-order thinking, wherein learning
occurs as a result of working toward a conclusion, rather than
accepting the unchallenged and finished product of someone
else's conclusion. 2 CT demands a skillful application of
knowledge and experience in making discriminating judg
ments and evaluations. Thus, the critical thinker concludes
with a claim that can be justified by reasons other than a "right"
answer.
The development of critical thinking skills has become a
focus in several disciplines, including economics,3 physical
education,4 " 6 physical therapy, 7 and medicine. 8 Perhaps most
significantly, the National League of Nursing9 has mandated
that nursing curricula emphasize the development of CT and
independent decision making. Because health professionals,
including athletic trainers, are confronted daily with multiple
complex problems that require CT skills, 10 the development of
such skills would be an appropriate component of athletic
training curricula.
Although it appears that CT is necessary in the athletic
training profession, the level at which students are prepared to
think critically is unknown. It is also unknown whether
educators are promoting CT in their learning objectives,
examinations, and practice situations within the athletic train
ing curricula. The purposes of this study were to determine (a)
At the time this study was completed Donald Fuller was affiliated with
Bowling Green State University, Bowling Green, OH. He is currently the
athletic training program coordinator at East Tennessee State Univer
sity, Johnson City, TN 37614.
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Results: From 64 usable syllabi, a total of 678 learning
objectives were classified as either CT (52%) or NCT (48%).
From 81 written examinations, 3215 questions were classified
as either CT (14%) or NCT (86%). In addition, a total of 143
written assignments were all classified as CT.
Conclusions: The results of this study indicate that educa
tors fostered more CT in their learning objectives and written
assignments than in their written exams. Valid educational
instruments (eg, Bloom's taxonomy) may help educators de
sign learning objectives, assignments, and examinations.
Key Words: Bloom's taxonomy, learning objectives, test
questions

whether or not athletic training educators are writing learning
objectives that foster CT skills within the second, third, and
fourth class levels (years) of undergraduate education, and (b)
whether athletic training-specific course written assignments
and written examinations are measuring the extent to which
students have developed CT skills.

BACKGROUND
Bloom's Taxonomy
Bloom et al's Taxonomy of Educational Objectives 11 is an
educational tool that incorporates the concept of CT and has
been used extensively by curriculum builders and educators for
planning and analyzing cognitive curriculum materials.
Bloom's taxonomy is hierarchical, with each ascending cate
gory requiring behaviors that are more complex and abstract
than those of the previous category. Thus, the categories are
arranged from simple to complex behavior and from concrete
to abstract behavior:
1. Knowledge: to recall specifics, methods, or processes.
2. Comprehension: to understand what is being communicated
without relating to other materials.
3. Application: to use abstractions (ie, ideas, procedures,
principles, theories, or methods) in particular and concrete
situations.
4. Analysis: to distinguish, identify, classify, compare, con
trast, or deduce elements, relationships, or organizational
principles.
5. Synthesis: to propose, plan, design, modify, organize, or
formulate a plan, unique communication (ie, product or
performance), or set of abstract relations.

6. Evaluation: to make a judgment, argument, validation,
assessment, standardization, or decision in terms of some
internal or external criteria.
Each level of Bloom's taxonomy can be seen in athletic
training curricula. For example, students can more adequately
apply cryotherapy after understanding its theoretical principles
(eg, knowledge and comprehension). While assessing or ana
lyzing injuries, students determine their severity and then
choose a plan of action (eg, return to play or referral to a
physician). In rehabilitation, student athletic trainers must
consider a number of elements and goals when developing or
synthesizing an individual's program. Administratively, stu
dents may have to make decisions that require them to evaluate
or critique the criteria at hand (eg, electing officers for student
organizations, providing feedback on academic and clinical
education). Decision making regularly takes place in the
athletic health care environment and should, therefore, be
based on sound critical thinking skills.
Critical Thinking
Davies 12 suggests that student learning objectives lie at the
heart of the educational planning process (eg, planning a
curriculum, classroom presentations, or an examination). How
ever, learning objectives alone may not ensure that students
will become critical thinkers. Some teachers attempt to provide
students with opportunities to practice decision-making or
problem-solving techniques. Case studies, scenarios, smallgroup discussions, computer-assisted instruction, simulations,
and supervised clinical experiences require student participa
tion and active engagement with class content and can simulate
the clinical environment. 13 Written assignments and journals
are also effective tools used to promote CT. 14
In addition to providing students with learning objectives
and opportunities to practice CT, some educators attempt to
measure whether or not students utilize higher-order thought
processes. Miller et al 15 indicated that it is possible to develop
examinations that require CT skills even in courses that are
science based and require strong recall skills. Essay examina
tions may easily be written to foster CT, whereas multiple
choice examinations are difficult to write and interpret for
assessment of CT. 16 As students are exposed to the higher
cognitive levels reflected in the application, analysis, synthesis,
and evaluation components of Bloom's taxonomy, they are
most likely to engage in critical thinking.
METHODS

During the 1994-1995 academic year, 30 institutions sought
accreditation of their undergraduate athletic training programs by

the Commission on Accreditation of Allied Health Educational
Programs (CAAHEP). Each of these institutions' undergraduate
catalogs was reviewed to obtain a list of courses to be used in this
study. The selected courses were those specifically emphasizing
athletic training-related topics-those most likely to be taught by an
athletic trainer. Based on the content of the courses and their
prerequisites, the courses were classified into three class levels
and twelve course topics (Table 1). Class levels II, III, and IV
were selected because it was hypothesized that students begin
learning the fundamentals of athletic training in class level II and
move to more specialized skills, gaining maturity and indepen
dence as they progress through class level IV.
Each athletic training curriculum director was sent a list of
courses obtained from his or her institution's undergraduate
catalog. The curriculum director was asked to submit course
syllabi (containing learning objectives and written assignments)
and two or three written examinations from each of the courses.
These materials contained the units of analysis for this study:
learning objectives, written assignments, and examination ques
tions. All of the items selected for analysis pertained to cognitive
learning rather than the psychomotor or affective domains.
Overview of Study
The four upper cognitive levels (application, analysis, syn
thesis, and evaluation) of Bloom's taxonomy represented CT in
this study. This categorization is consistent with other re
searchers with respect to learning objectives 17' 18 and examina
tion questions. 15 ' 17 Non-critical thinking (NCT) was defined as
processes that resided in Bloom's two lower cognitive levels:
knowledge and comprehension.
The first step in the procedure was to establish a panel of
experts. Each panel member, including the investigator and
two others, was an NATA-certified athletic trainer who was
familiar with Bloom's taxonomy and had several years of
teaching experience. The panel reviewed and practiced using
Bloom's taxonomy to classify learning objectives and exami
nation questions during a training session. The examples used
for this training were obtained from Bloom et al."
The next step was to verify the expertise of the investigator in
classifying curriculum items according to Bloom's cognitive
taxonomies. This was accomplished by establishing inter-rater
reliability among all three panel members with respect to their
classification of learning objectives and examination questions. A
sample set of learning objectives was selected from various
athletic training course syllabi found in an athletic training
database on the Internet, while a sample set of examination
questions was selected from similar courses in each of the three
class levels at the institution where the study was conducted.
Written assignments were not classified in this sample set because

Table 1. Athletic Training Class Levels and Course Topics
Class Level II (Sophomore)
Care and Prevention of Injuries
Clinical Experience II (Observation)
Introduction to Athletic Training

Class Level III (Junior)

Class Level IV (Senior)

Advanced Athletic Training
Clinical Experience III
Evaluation of Injuries
Therapeutic Modalities
Therapeutic Rehabilitation

Athletic Training Seminar
Clinical Experience IV
Medical Aspects of, or Topics in, Athletic Training
Organization and Administration
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there were not many provided in the sample syllabi. Three
different sample sets were obtained from this sample pool of
curriculum items. The first sample set of 30 learning objectives
and 30 examination questions, 10 from each class level, was
randomly selected to give each panel member an opportunity to
classify athletic training materials. Each panel member indepen
dently read and classified the objectives and questions according
to the cognitive levels of Bloom's taxonomy (Table 2).
Upon completion of this exercise, another training session
was held to review the results of the first sample set. Then, a
second sample set of 30 learning objectives and 30 examina
tion questions was randomly selected and given to the panel to
classify. The inter-rater reliability (percentage of agreement)
between the investigator and the other panel members was 0.81
and 0.79 for the learning objectives and examination questions,
respectively. These inter-rater reliability results were well
within DeLandsheere's recommended range (0.63 to 0.85). 19
The investigator then examined each learning objective,
written assignment, and examination question from the curric
ulum materials submitted by the athletic training curriculum
directors and assigned them to one of the six levels of Bloom's
cognitive taxonomy. Frequencies and percentages of each
cognitive level were calculated for each course topic and
within each class level.
After half the data were analyzed, inter-rater reliability was
again calculated in order to establish that the investigator was
consistently classifying curriculum items. A third sample set of
30 learning objectives and 30 examination questions was
randomly selected. The reliability remained consistent with the
pretest measurements (learning objectives, 0.80, and examina
tion questions, 0.77). This is consistent with Bloom et al, 11
who indicated that classifying examination questions was more
complicated than classifying learning objectives because the
evaluator does not know how much of the material the students
actually learned from their instructors.
RESULTS

tives in usable form, yielding a total of 678 learning objectives.
An additional 34 syllabi were submitted but not used because they
contained course objectives only, NATA competencies only,
psychomotor objectives only, or no learning objectives. As shown
in Table 3, the learning objectives were equally distributed
between CT (52%) and NCT (48%). Within class level H, the
course topic "Care and Prevention of Injuries" had the greatest
percentage of CT objectives (67%), while "Clinical Experience
H" had the fewest CT objectives (39%). "Therapeutic Modalities"
(56%) and "Therapeutic Rehabilitation" (70%) had the greatest
percentages of CT objectives in class level HI, and the latter was
also the topic with the highest percentage of CT objectives overall.
In class level IV, the highest percentage of CT objectives was
within "Clinical Experience IV" (59%), and the lowest percentage
of CT objectives was within "Organization and Administration"
(20%).
Examination Questions
A total of 81 examinations were submitted, providing 3215
questions. As shown in Table 4, there was a greater percentage
of NCT questions (86%) than CT questions (14%). Class level
II had the highest percentage of CT questions among all the
course topics, with 30% in "Clinical Experience II" and 22% in
"Care and Prevention of Injuries." In class level III, "Evalua
tion of Injuries" had the highest percentage of CT questions
(19%), while "Therapeutic Modalities" had the lowest percent
age of CT questions (9%). Curriculum directors also provided
more examinations for this class level than the other two class
levels, which resulted in more than twice as many examination
questions. Class level IV had the greatest percentage of CT
questions (15%) overall, but this class level also had the fewest
number of questions to classify. The course that had the highest
percentage of CT questions was "Clinical Experience IV"
(20%). "Medical Aspects of Athletic Training" had the lowest
percentage of CT questions (5%).

Learning Objectives

Written Assignments

Thirteen (43%) curriculum directors submitted syllabi and
examination questions. Sixty-four of the syllabi presented objec

Although the examinations in this study did not reflect a
strong measurement of critical thinking, the written assign-

Table 2. Examples of Learning Objectives (LO) and Examination Questions (EQ) Classified Using Bloom's Taxonomy
Example

Bloom's Cognitive Level
Knowledge
Comprehension

Application
Analysis
Synthesis

Evaluation

LO:
EQ:
LO:
EQ:
LO:
EQ:
LO:
EQ:
LO:
EQ:
LO:
EQ:

Students will recognize the classification of sprains.
NATA was first established in what year?
Students will understand organizational structures, flow of authority, and flow of accountability in
educational and business areas of the sports industry.
Which of the following scenarios best represents a negligent act?
Students will apply the laws of physics to human movement.
In your own words, describe how to measure and fit a football helmet.
Students will assess the severity of injuries and determine when to refer the athlete to a physician.
Outline and explain the emergency action plan for football (practice vs game).
Students will follow and properly document (using SOAP* notes) an injury from occurrence through return
to activity.
Given the following materials and equipment, design a rehabilitation protocol.
Students will critique the nutritional habits of various athletic teams.
Scenario (negligent injury). Define the rationale for your actions, both as an athletic trainer and coach.

* SOAP: subjective, objective, assessment, plan.
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Table 3. Frequencies and Percentages of Critical Thinking and Non-Critical Thinking Learning Objectives by Class Level and Course
Topic
Critical Thinking
Class
II

III
'•^-'.'• '"-^
; ;;,;
'IV
U'-r.-•.: --w « v
::> ,.

Course Topic

Frequency

Care and Prevention of Injuries
Clinical Experience II
Introduction to Athletic Training
Class Level II Totals
Advanced Athletic Training
Clinical Experience III
Evaluation of Injuries
Therapeutic Modalities
Therapeutic Rehabilitation
Class Level III Totals
Athletic Training Seminar
Clinical Experience IV
Medical Aspects of Athletic Training
Organization and Administration
Class Level IV Totals
GRAND TOTALS

56
32
21
109
24
23
34
40
44
165
10
48
13
7
78
352

Non-Critical Thinking

67
39
47
51
47
49
49
56
70
54
45
59
52
20
48
52

TOTALS

Frequency

%

Frequency

28
51
24
103
27
24
36
32
19
138
12
33
12
28
85
326

33
61
53
49
53
51
51
44
30
46
55
41
48
80
52
48

84
83
45
212
51
47
70
72
63
303
22
81
25
35
163
678

12
12
7
31
8
7
10
11
9
45
3
12
4
5
24
100

Table 4. Frequencies and Percentages of Critical Thinking and Non-Critical Thinking Examination Questions by Class Level and
Course Topic
Critical Thinking
Class

IV

Non-Critical Thinking

Course Topic

Frequency

Care and Prevention of Injuries
Clinical Experience II
Introduction to Athletic Training
Class Level II Totals
Advanced Athletic Training
Clinical Experience III
Evaluation of Injuries
Therapeutic Modalities
Therapeutic Rehabilitation
Class Level III Totals
Athletic Training Seminar
Clinical Experience IV
Medical Aspects of Athletic Training
Organization and Administration
Class Level IV Totals
GRAND TOTALS

36
7
13
106

22
30

51
10

12
11
19

71
28
33

226

9
13

9
10
13

Frequency

%

Frequency

128

78
70
91
87
88

164
23
137
821
425
87

16
124

715

374
77
295
269
305
1452

35

15

56
3
15

20
5

109
441

15

607

14

2774

ments revealed that educators did measure it in their courses. A
total of 143 written assignments were analyzed from the course
syllabi. All of these assignments fostered critical thinking.
Most interesting to note was the gradual introduction of CT
assignments within each class level (12%, 38%, and 50%,
respectively) (Table 5).
DISCUSSION

Learning Objectives
In higher education curricula, and specifically within
CAAHEP-accredited undergraduate athletic training pro
grams, educators are encouraged to write course syllabi that
include student learning objectives. Overall, the learning
objectives from the athletic training courses in this study
were relatively equally distributed between CT (52%) and

11

TOTALS

197
221
62
127

89
81
91
90
87
85
80
95

366

297
338
1678

5
1
4
26
13
3
11
9
11

52
7
9

89

232
277
65
142

85
86

716

22

3215

100

2
4

NCT (48%). These findings were much higher than those
found in Clevenstine's 18 study of biology materials in which
only 8% of the learning objectives were classified as critical
thinking. Moreover, the proportion of CT learning objec
tives found in this study was similar to the proportion of
learning objectives (48%) found in nursing materials. 17
It is important for athletic training students to learn a great deal
of factual information at the beginning of their education, or class
level n. The learning objectives within "Clinical Experience II"
required a great deal of lower-level thinking (61%). This experi
ence may be the first time students are exposed to a collegiatelevel athletic training setting, and, therefore, they practice less
critical thinking than they will later. As students progress through
their athletic training programs, they should gradually be given
more responsibility and independence, thus being required to
think more critically as they practice athletic training in their
clinical education setting.
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Table 5. Examples of Written Assignments That Foster Critical
Thinking

Class Level

Example

II

Research papers on athletic injuries
Daily or weekly journal of clinical experience
Research article critiques from professional journals
in sports medicine
Case studies (eg, rehabilitation progress)
SOAP* notes
Paper or hypothetical patient problems and solutions
Rehabilitation equipment (eg, goals, limitations,
proper technique, progression)
Resume and cover letter
Mock interviews
Training room facility design
Training room budget development
Hypothetical legal case or issue
Athletic injury perception by the student athletic
trainer (eg, difficulties, feelings)
Summary of guest lectures
Five-year growth plan for an athletic training
educational program (eg, role of curriculum
director)

III

IV

* SOAP: subjective, objective, assessment, plan.

Several researchers have emphasized the importance of
properly stating learning objectives in a manner that informs
students specifically what they must perform and how their
performance will be measured. 11 '20'21 In this study, there was
only one institution that listed all its learning objectives in this
manner. Moreover, 34 (35%) of the submitted syllabi in this
study were not usable because they had no learning objectives.
They had course objectives only or they had "competencies"
(eg, "systemic and local physiological effects of therapeutic
heat and cold on normal and traumatized tissues of the human
body") instead of objectives. The NATA Professional Educa
tion Committee stated in the Competencies of Athletic Train
ing22 that "the conversion of the competencies into appropri
ately stated behavioral (learning) objectives and development
of criteria for acceptable student performance is left to the
discretion of instructional personnel." Perhaps athletic training
educators would benefit from additional training in writing
student learning objectives.
The athletic training educators in this study wrote learning
objectives that fostered CT and NCT skills equally among
students in all class levels of the athletic training education. It
is unknown, however, whether or not these educators used a
tool such as Bloom's taxonomy to write their learning objec
tives. Perhaps such a tool would help ensure that educators are
challenging the students' cognitive abilities at an appropriate
time within a course and within the 4-year program.
Examination Questions

Most of the examination questions (86%) required students
simply to recall information and facts. This might be expected
at class level II, where students are just learning the basics or
fundamentals of the athletic training profession. However, a
similar proportion existed in the upper class levels of this study
as well. In these upper class levels, especially during the senior
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year, students should have enough knowledge and comprehen
sion to engage in critical thinking on their course examinations.
In this study, all the athletic training educators wrote many
multiple choice questions. Furthermore, multiple choice ques
tions are commonly written in many course examinations, as
well as in standardized examinations at the state and national
levels. This written portion was the most difficult part of the
NATA certification examination in 1995, with a 45% passing
rate, followed by the written simulation (55% passing) and
oral/practical (72% passing). 23 Although many factors contrib
ute to success on standardized examinations, the students in
this study were given sufficient opportunities to practice test
taking with multiple choice questions.
Examination questions that require critical thinking are
typically more difficult to write and take longer to grade. 15 The
examination questions from this study that generally assessed
more of the students' higher-order thinking were essay-type
questions. Miller24 indicated that these types of questions are
more likely to foster critical thinking. Written simulation
questions may also foster critical thinking among students,
although no such questions were submitted in this study.
Written Assignments

As this study revealed, critical thinking skills were fostered
through written course assignments. Several athletic training
educators required students to write research papers, article
critiques, case studies, protocols for "paper" patients, and daily
journals. Writing is an excellent way for the educator to
evaluate students' thinking. 14' 18'25 Once a problem has been
discovered, problem analysis provides the writer with a set of
sophisticated cognitive strategies for analyzing and resolving
it.26 The educators in this study are allowing their students to
write, which should improve the student's writing and thinking
skills at the same time.
There is a great deal of communication in the profession of
athletic training, especially via the written word. For example,
athletic trainers must document progress, make referrals, and
inform coaches and parents about the injury status of athletes.
Students need to be prepared for such requirements. Written
assignments and class discussions are excellent learning activ
ities for this preparation. In this study, students in upper class
levels were asked to develop or design a training room and a
budget, defend a legal issue, or write a 5-year growth plan for
their athletic training program. Whether performed indepen
dently or in a group, such written assignments can influence
students to think critically.25 '26
In curriculum design, educators must simultaneously con
sider teaching methods, materials, the nature of the subject
area, and the characteristics of the student audience. In general,
it is the student who is the product of athletic training education
programs and the future of this profession. Employers who hire
athletic trainers because they possess the basic knowledge and
comprehension of athletic training information and skills may
be satisfied with the graduates they hire. On the other hand,
those athletic training students who graduate with the ability to
analyze or synthesize situations and to evaluate criteria to
improve the quality of their skills may perhaps prove more

beneficial to" employers, and more importantly, to the patients
with whom they work.
Critical thinking is not an ability that is limited only to the
best and brightest students. All students are capable of various
levels of critical thinking. It is the responsibility of educators to
provide opportunities for the development of these skills by
writing appropriate student learning objectives and evaluating
students' critical thinking skills. Further research is needed on
the instructional activities and oral questioning that may
correspond to these learning objectives and that may promote
critical thinking, in both classroom and clinical settings.
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Acute Atraumatic Compartment Syndrome
in an Athlete: A Case Report
George T. Stollsteimer, MD; Walter R. Shelton, MD
Objective: To present the case of a college football player
with acute, atraumatic, exercise-induced compartment syn
drome in the leg.
Background: Acute, atraumatic, exercise-induced compart
ment syndrome is an infrequently reported cause of leg pain in
the athlete. If left untreated, acute compartment syndrome can
cause muscle necrosis.
Differential Diagnosis: Chronic exertional compartment
syndrome, medial tibial syndrome, stress fracture.
Treatment: Treatment consists of compartment fasciotomy.
Uniqueness: This previously healthy, but unconditioned,
athlete developed severe anterolateral left leg pain after two
days of fall practice in which he was unable to run a mile in 7.5
minutes. Physical examination by the team physician revealed
acute compartment syndrome, and an emergency anterolateral
compartment fasciotomy was performed. Second-look debridement performed 48 hours later revealed no significant
change in the necrotic appearance of the anterior compartment

A

cute, atraumatic, exercise-induced compartment syn
drome (ACS) of the leg is an uncommonly reported
complication of participation in athletics. 1 '2 This diag
nosis should be considered in the differential diagnosis of the
athlete with leg pain, since delay of diagnosis in obtaining the
appropriate emergency treatment can lead to disastrous conse
quences.2*3
This paper reports a case of ACS in an athlete. Chronic
exertional compartment syndrome (CECS), medial tibial syn
drome (MTS), and stress fracture will also be reviewed as
causes for leg pain in an athlete. Acute compartment syndrome
can cause disastrous consequences if left untreated. Under
standing the pathogenesis, diagnosis, and treatment of ACS is
of paramount importance in preventing complications.
CASE REPORT

The patient (age = 18 yr, ht = 185 cm, wt = 144.5 kg) was
a male collegiate football player with no previous history of
bleeding disorder, sickle cell trait, or blood dyscrasia. Upon
reporting for fall practice he was required to run a mile in 7.5
minutes. He had not been involved in a summer fitness
program. On day one of training the patient failed to run the
mile in the allotted time. On day two of training, he was again
unsuccessful in finishing the mile in the allotted time. The
patient presented to the team athletic trainer with a chief
complaint of severe anterolateral left leg pain. He reported that
the pain had begun on day one of fall training after the mile run
George T. Stollsteimer and Walter R. Shelton are affiliated with the
Mississippi Sports Medicine & Orthopaedic Center, 1325 East Fortifi
cation Street, Jackson, MS 39236.
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soft tissue. Therefore, the dead muscle was completely debrided, and a free-flap latissumus dorsi graft was used for
coverage of the wound. With recovery, strength returned to
normal in the lateral compartment but remained 0/5 in the
anterior compartment. The patient had persistent sensory loss
in the distributions of the superficial and deep peroneal nerves.
Conclusions: Although much less common than the more
frequent causes of leg pain (ie, chronic exertional compartment
syndrome, medial tibial syndrome, stress fracture), acute com
partment syndrome is potentially more devastating. When the
increased intracompartmental pressure within a closed tissue
space exceeds capillary perfusion pressure, tissue perfusion is
decreased, the soft tissue becomes ischemic, and cells die.
The most important clinical diagnostic signs of compartment
syndrome are pain with passive stretching of the compartment
and pain out of proportion to the results of the physical
examination.
Key Words: leg pain, fasciotomy, rhabdomyolysis

and had worsened on day two of training. He was evaluated by
the athletic trainer and diagnosed with shin splints.
On the third day of fall practice the patient successfully
completed the run but was unable to sleep that evening due to
leg pain. On day four the team physician, during a routine
check, was asked to evaluate the patient for shin splints. To the
physician, the patient reported severe anterolateral left leg pain
that worsened with ambulation. He also reported an inability to
dorsiflex the foot. Rest failed to relieve these symptoms, which
had been present greater than 24 hours. On physical examina
tion the patient was found to have a tense, swollen anterolateral
compartment of the left leg. Sensation over the dorsolateral
aspect of the foot and dorsal first web space was diminished.
The posterior compartments were soft and nontender. Capillary
refill of the toes, as well as the dorsalis pedis and posterior
tibialis pulses, was intact. Excruciating pain was elicited with
palpation over the anterolateral compartment, as well as with
passive plantar flexion of the ankle or toes. Motor strength of
the tibialis anterior (TA), extensor hallucis longus (EHL), and
the extensor digitorum longus (EDL) was 0/5. Eversion
strength of the foot at clinical exam was also 0/5.
He was diagnosed with ACS and was transferred to the
hospital for emergency surgery. On admission, laboratory
studies showed a normal blood urea nitrogen (BUN) and
creatinine, but a urine myoglobin of 1100 (normal 0-50
ng/mL). Continuous, alkalinized intravenous fluids were ad
ministered to protect the patient's renal function. An antero
lateral compartment fasciotomy, as described by Mubarak,4
was performed. Bulging of the anterior and lateral musculature
was noted on release of these compartments (Figure). The
lateral compartment was noted to have normal color and

Probe rests on the lateral compartment musculature. Note the
healthy appearance of the peroneal muscles. The necrotic anterior
compartment is visualized above the probe.

consistency, with good capillary bleeding and a brisk contrac
tile response to electrical stimulation. Most of the anterior
compartment appeared necrotic, lacking any evident capillary
bleeding or response to electrical stimulation. A partial debridement was performed, leaving any tissue that was ques
tionably viable.
The patient returned to the operating room 48 hours after the
index operation for a second-look debridement. No significant
change in appearance of the anterior compartment soft tissue
was apparent. The dead muscle was completely debrided, and
a plastic surgeon performed a free-flap latissimus dorsi graft
for coverage of the wound. BUN and creatinine remained
normal and the patient's urine myoglobin normalized after the
initial debridement. He underwent an uneventful hospital
course and was discharged. At initial follow-up his latissimus
flap was healing well. However, the patient had a persistent
foot drop at 6 weeks postinjury. He was ambulating well in a
molded ankle-foot orthosis but continued to have 0/5 motor
strength of the TA, EHL, and EDL muscles. Eversion strength
had returned and was graded at 5/5. The patient had a persistent
sensory loss in the distributions of the superficial peroneal
nerve and deep peroneal nerve.
DISCUSSION

The differential diagnosis of leg pain in the athlete includes
many entities. Several of the most common nondramatic
causes are CECS, MTS (so-called shin splints), and stress
fracture. A much less common, though potentially devastating,
cause is ACS. It is important to understand the basic presen
tation of these entities so as to establish the diagnosis in a
timely manner.
Stress fractures occur due to repetitive episodes of microtrauma. The bone's natural resorption/regeneration process is
overwhelmed, leading to failure of bone and the production of
a fracture. The tibia is the bone most commonly stress
fractured in the athlete. 5
The classic symptom of a stress fracture is localized bone
pain that is exacerbated with increased activity. Sudden in

creases in training intensity or changes in footwear or playing
surfaces are often the causes. Early on, plain radiographs can
be normal, in which case a bone scan is diagnostic. Treatment
involves cessation of activity. Cast immobilization or internal
fixation are rarely required.
Shin splints, more properly termed MTS,6 most commonly
present with pain over the posteromedial border of the tibia.
Symptoms are primarily limited to the middle and distal thirds
of the bone. Pain arises at the medial origin of the soleus
muscle and can range from dull soreness to sharp and severe in
nature. Pain begins at the start of activity. It may abate with
continued activity and return toward the end of training. MTS
can also be preceded by a significant change in training
intensity or a change in footwear or practice surface.
Palpation over the posteromedial border in the distal and
middle thirds of the tibia usually elicits pain. Standing toe
raises and resisted plantar flexion may also generate the
patient's complaints.7 Passive and active range of motion of
the ankle and toes, however, is generally painless in both MTS
and stress fracture. This is in contrast to ACS, in which range
of motion causes severe pain in the affected compartments.
X-rays are usually normal. Treatment includes rest, limitation
of activity, and stretching activities.
Chronic exertional compartment syndrome is an exerciseinduced increase in intracompartmental pressure of the leg.
This increase in pressure impedes normal blood flow to the soft
tissues, causing a localized and usually transient ischemia in
one or more compartments of the leg. The anterior and deep
posterior compartments are primarily affected. 8 Unlike ACS,
in CECS, pain generally resolves when activity ceases. Pain is
limited to the involved compartment and is described as a
soreness, achiness, or tightness occurring with exercise. Pain
begins with exercise, may limit participation due to its inten
sity, and resolves with rest. Unlike MTS or stress fracture,
CECS may have an associated neurologic component, such as
foot drop, motor weakness, paresthesia, or numbness. An
important differentiating factor of these entities from ACS is
the cessation of significant symptoms with cessation of activ
ity.
The diagnosis of CECS can be verified with compartment
pressure monitoring. Pedowitz et al9 stated that resting com
partment pressure greater than 15 mm Hg and 1 -minute and
5-minute postexercise pressures greater than 30 mm Hg and 20
mm Hg, respectively, establish the diagnosis. Treatment in
volves activity modification and rest. If athletes are unwilling
to change their routines, or if symptoms continue despite
activity modification, surgical decompression of the involved
compartment is warranted.
Acute, atraumatic compartment syndrome of the leg has
been previously reported in the literature. ''2' i0 ~ 12 However,
when compared with such entities as MTS, CECS, and stress
fracture, ACS is a relatively uncommon cause of leg pain in the
athlete. Acute compartment syndrome is caused by an increase
in intracompartmental pressure within a closed tissue space.
This increased compartment pressure, when exceeding capil
lary perfusion pressure, leads to decreased tissue perfusion,
soft tissue ischemia, and, if not treated in time, cell death.
Gelberman et al 13 recommended compartment fasciotomies for
Journal of Athletic Training

249

compartment pressures greater than 30 mm Hg. Other au
thors 14' 15 have recommended fasciotomy for pressures greater
than 40 mm Hg or delta values < 40 mm Hg (the difference
between mean arterial pressure and the compartment pressure).
Various authors have demonstrated the deleterious effects of
increased compartment pressures. The greater the pressure and
the more extensive the duration, the more severe the effects on
muscle and nerve. 16 " 18
The clinical diagnosis of compartment syndrome is often
described as consisting of the five "p's": pain, pallor, pulse
lessness, paresthesia, and paralysis. However, full-blown ACS
can occur even with normal pulses and capillary refill, and
paralysis and paresthesia are usually not noted until ischemia
has been present for greater than one hour. Therefore, if
pulselessness, paralysis, and paresthesia are present, the com
partment syndrome has been longstanding and the diagnosis
delayed. The most important clinical diagnostic signs of
compartment syndrome are pain with passive stretching of the
compartment and/or pain out of proportion to the examination.
The anterior and deep posterior compartments are most com
monly involved in ACS.
Unlike the pain of MTS, CECS, and stress fracture, the pain
accompanying ACS is unrelieved with rest. It is a severe,
unrelenting pain, out of proportion to the clinical examination.
There is a significant increase in pain with passive stretching of
the muscles in the involved compartment, a finding not
associated with MTS, CECS, or stress fracture. Although
neurologic changes can occur with CECS (foot drop, weak
ness, parethesia, numbness), in CECS these symptoms resolve
with cessation of activity. Resolution of these symptoms does
not occur in ACS. Loss of nerve conduction can occur within
2 hours of compartment ischemia, leading to a "painless"
compartment syndrome. The other neurologic symptoms of
weakness, paralysis, and decreased sensation do not undergo
this "pseudo-resolution."
The patient in this report developed an ACS of apparently
unknown etiology. However, he is similar in some respects to
the patient described by McHale and Prahinski. ' Both patients
were involved in very strenuous activity. Yet they were not
conditioned for exercise involving maximal exertion. It is also
possible the patient developed muscle tears with bleeding into
the involved compartments, as reported by Moyer et al.2 As
well, Soffer et al 19 described a case of chronic compartment
syndrome caused by aberrant fascia. Aberrant fascia was not
noted at surgery in the athlete involved in this case report but
should be considered in an athlete with leg pain.
Undiagnosed compartment syndrome carries with it disas
trous consequences. Foot drop with anterior compartment
involvement or clawing of the toes and equinovarus foot
deformities secondary to posterior compartment involvement
significantly compromise functional use of the extremity.
Further, compartment syndrome can lead to acute renal failure.
Rhabdomyolysis leads to a release of myoglobin and electro
lytes. Acute tubular necrosis occurs when byproducts of
muscle break down, resulting in the formation of casts in the
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renal tubules. Treatment centers around increasing the solubil
ity of the myoglobin. This is accomplished by alkalinizing the
urine and maintaining vigorous intravenous hydration.20 ACS
should be included in the differential diagnosis of any athlete
with leg pain. Prompt diagnosis can help avoid the serious
consequences associated with the condition.
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A Model Lightning Safety Policy for
Athletics
Brian L. Bennett, MEd, ATC
Objective: The purpose of this paper is to present a model
policy on lightning safety for athletic trainers.
Background: Among college athletic programs in the United
States there is a serious lack of written policy on lightning
safety. Available evidence shows that most National Collegiate
Athletic Association (NCAA) Division I institutions, even though
they are located in high lightning activity areas of the country,
do not have formal, written lightning safety policies.
Clinical Advantages/Recommendations: The policy pre
sented herein, which is at the forefront of such policies, is the
lightning safety policy written as part of a policies and proce

dures manual for the division of sports medicine at a public
NCAA Division I university. This is a policy based on practicality
that utilizes the "flash-to-bang" method for determining the
distance of lightning activity from the observer. The policy
begins with the importance of prevention, including the daily
monitoring of weather reports. The policy defines a "safe
shelter" and specifies the chain of command for determining
who removes a team or individuals from an athletic site in the
event of dangerous lightning activity.
Key Words: policies and procedures, environmental hazards

F

ew athletic training programs have written policies on and an understanding of the basic physics of lightning. Pre
lightning safety, and it is not uncommon for a lightning vention should begin long before any athletic event. The first
safety policy to be overlooked in the development of an preventive measure to mitigate the lightning hazard is for the
athletic training policy manual. Walsh et al 1 corroborate this coaching/athletic training staff to check the weather report each
point. Presented herein is the lightning safety policy that the day before a practice or event.4'9' 10 In this way, the staff will be
author wrote for the "Policies and Procedures Manual" of the aware of the possibility of a storm's forming or moving into the
Division of Sports Medicine at The College of William and area during the day. The College of William and Mary
Mary in Williamsburg, VA.
Division of Sports Medicine has a National Oceanographic and
The need for athletic trainers to develop a policy on Atmospheric Administration weather radio that can give
lightning safety is compelling: lightning kills more people weather reports or sound an alarm if the National Weather
directly each year than any other weather phenomenon2" 4 Service issues a severe thunderstorm watch or warning for the
(Discover. November 1990:51-56). In an average year, light Williamsburg area.
ning directly kills between 100 and 600 people in the United
Second, the coaching/athletic training staff should be aware
States, leaving many hundreds more injured2" 10 (Discover. of the signs of nearby thunderstorm development.4'9' 10 Light
November 1990:51-56). According to Uman,3 "about 70% of ning and thunder activity in the local area are the alarms for the
all lightning injuries and fatalities occur in the afternoon," with coaching/athletic training staff to begin monitoring thunder
most lightning deaths occurring outdoors. This poses a serious storm activity, such as direction of movement and distance to
and potential environmental hazard to our student-athletes; as the lightning flashes. 9 It is imperative to understand that
a representative example, 15 of 23 sports at The College of thunderstorms can become threatening in as little as half an
William and Mary are practiced outdoors, with most of those hour.4'9 Furthermore, the coaching/athletic training staff should
teams practicing between 2:00 and 6:00 PM. In addition, the know the location of the safe shelter closest to the athletic site
southeastern and southern United States, which include Vir and how long it takes to reach that shelter.4'9 The College of
ginia, have the highest density of cloud-to-ground lightning William and Mary Division of Sports Medicine defines safe
strikes, compared with the rest of the country. 10 The develop shelter as (1) any sturdy building that has metal plumbing or
ment of a lightning safety policy at The College of William and wiring, or both, to electrically ground the structure, ie, not a
Mary was necessitated by its geographic location, which shed or a shack, 3" 6'8' 10 and (2) in the absence of a sturdy
elevates the odds of a lightning casualty; an additional impetus building as described above, any vehicle with a hard metal roof
was an incident in which a team was not removed from a field (ie, not a convertible or a golf cart) with the windows rolled
up. 3' 6'8' 10
during a dangerous thunderstorm.
Third, the coaching/athletic training staff should be aware of
THE COLLEGE OF WILLIAM AND MARY LIGHTNING how close lightning is occurring. The "flash-to-bang" meth
od4'9' 10 is the most convenient way to estimate how far away
SAFETY POLICY
lightning activity is occurring. Simply stated, count the seconds
The keys to lightning safety are education and prevention. 9
between seeing the lightning "flash" and hearing the clap of
Education begins with background information on lightning
thunder ("bang"). Divide this number by five to determine how
far away (in miles) lightning is occurring.
Brian L. Bennett is assistant athletic trainer in the Division of Sports
For practical purposes, The College of William and Mary's
Medicine at The College of William and Mary, Williamsburg, VA 23187Division of Sports Medicine advocates the following policy on
0399.
Journal of Athletic Training

251

lightning safety for intercollegiate outdoor athletic activities,
including swimming:
1. If the "flash-to-bang" interval is decreasing rapidly, and the
storm is approaching your location, or if the "flash-to-bang"
count approaches thirty (30) seconds, all outdoor and
swimming pool intercollegiate athletic activities must cease.
All persons must immediately leave the athletic site or the
swimming pool area and seek safe shelter. The locker room
shower and plumbing facilities do not provide safe shelter
and should not be used during this time. 3 '7'8' 10
2. Stay away from tall or individual trees, lone objects (eg,
light or flag poles), metal objects (eg, metal fences or
bleachers), standing pools of water, and open fields. 3" 6'8 " 10
Avoid being the tallest object in a field. Do not take shelter
under a single tall tree. 3 '5 '6'8' 10
3. If there is no safe shelter within a reasonable distance,
crouch in a thick grove of small trees surrounded by taller
trees3'9' 10 or in a dry ditch. 3'5 '6 Crouching with only your
feet touching the ground and keeping your feet close
together, wrap your arms around your knees and lower your
head to minimize your body's surface area.4 " 6'8 " 10 Do not
lieflatl 9
4. Do not remain in a boat or continue swimming in the open
water. 3 '5 '6'8' 10 Locate safe shelter as quickly as possible.
5. If you feel your hair stand on end or your skin tingle or hear
crackling noises, immediately crouch (as in No. 3) to
minimize your body surface area.5'9' 10
6. Allow 30 minutes to pass after the last sound of thunder or
Hash of lightning before resuming any intercollegiate ath
letic activity.9
7. Do not use the telephone unless there is an emergency3" 8' 10
(Discover. November 1990:51-56). People have been
struck by lightning and killed while using a land-line
telephone3 '4'6 " 8 (Discover. November 1990:51-56).
8. Lightning strike victims do not carry an electrical
charge.5 '6' 10 CPR is safe for the responder and has been
shown to be effective in reviving lightning strike victims.
9. Pay much more attention to the lightning threat than to the
rain.4 It need not be raining for lightning to strike; lightning
can strike far from the rainshaft.4'9' 10
The onus of removing a team or individuals from an athletic
site in the event of dangerous and imminent lightning activity
is on the coach supervising the activity. The safety of any team
or student-athlete ultimately rests with that coach. Whenever
possible, the full-time certified athletic training staff will
advise the coach supervising the activity as to the danger and
proximity of the lightning threat. However, the responsibility
still remains with supervising coaches to remove their teams or
individuals from a field or event site.
With the information and background on lightning pre
sented in this policy, the coach or athletic trainer, or both,
can make an intelligent and safe decision regarding the
removal of a team or individuals from an athletic site or the
stopping of play during dangerous thunderstorm activity. In
addition, any individuals who feel they are in danger of any
lightning activity have the right to leave a field or event site
to seek safe shelter.
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DISCUSSION

The College of William and Mary policy on lightning safety
may generate two questions: (1) why use a 30-second rule to
determine when to remove a team or individuals from the field
or event site; and (2) why put the onus for removing a team or
individuals from an athletic site on the coach supervising the
activity?
Lightning may strike as far as ten (or more) miles away from
the rainshaft,4'9' 10 but this occurrence is relatively rare (per
sonal communication, Ron Holle, MS, National Severe Storms
Laboratory, Spring, 1996). The average distance from one
lightning flash to the next in the same thunderstorm is
approximately 2 to 3 miles.9 Therefore, if you are within 2 to
3 miles of a lightning flash, it is conceivable that the next
lightning flash could be at your location.9 Holle et al9 and
Vavrek et al4 strongly recommend that the "flash-to-bang"
count be longer than 15 seconds. Likewise, Andrews et al6
recommend that if the "flash-to-bang" count is less than 15
seconds, then "immediate action to move to a safer position
should be taken." This extremely short "flash-to-bang" count
puts the athlete at a very high risk for a lightning strike,
because the lightning flashes are dangerously close.
Practicality is the basis of the 30-second rule. The rule is a
compromise between an inordinately short "flash-to-bang"
count of 10 to 15 seconds and a "flash-to-bang" count of 50
seconds (or the most conservative rule of all, leaving the
athletic site at the first sight of lightning activity or sound of
thunder). Some people subscribe to the notion of leaving an
athletic site at the first sound of thunder or the first flash of
lightning. This rule may be fine for some situations, but we feel
it is impractical for athletics here at The College of William
and Mary. Newspaper reports show that most people do not
heed such a restrictive rule anyway.9 A long "flash-to-bang"
count of 50 seconds may generate some false alarms and result
in a lack of faith in the coaching staff regarding the lightning
safety policy. Here at The College of William and Mary, we
feel the 30-second rule offers our student-athletes enough time
to leave a field and move to safe shelter, and it complies with
suggestions in the literature that the flash-to-bang count be
longer than 15 seconds.
If you use the "flash-to-bang" count to determine when to
remove a team or individuals from a field or event site,
establish a count that you are comfortable with, remembering
that the count must be longer than 15 seconds. For all intents
and purposes, the count should be 20 seconds or longer. The
other alternative is to leave the field or event site at the first
sound of thunder or the first flash of lightning. Use whichever
of these two methods you are comfortable with. The point is to
develop a lightning safety policy with the appropriate safety
recommendations to better ensure the safety of your athletes.
With respect to the chain of command, the Division of
Sports Medicine at The College of William and Mary believes
that the coaches supervising activities are ultimately responsi
ble for the safety of their student-athletes. The coach plans all
team practices, including locations and times of practices. Our
rationale for the lightning safety policy here at The College of
William and Mary is similar to that for our policy on the

prevention of heat illness. Just as supervising coaches should
avoid planning activities or practices during the hottest times of
the day, to reduce the likelihood of heat illness, they should
also, after checking a daily weather report, plan team or
individual activities with the threat of thunderstorm activity in
mind. The athletic training staff at The College of William and
Mary will (whenever possible) notify coaches when lightning
activity is dangerously close and when their teams should leave
a field or event site. Nonetheless, the actual responsibility for
calling a team or individuals off a field still remains with the
coach supervising the activity.

versus how far away lightning is occurring; and (3) monitoring
how fast the storm is approaching your location. It is impera
tive to reach safe shelter long before the storm is overhead.
You should be more concerned with the lightning activity than
the rain.4 Lightning can strike far from where it is raining.4'9' 10
Prevention is certainly the best policy in reducing the lightning
hazard.
For more information about lightning safety, contact the
National Lightning Safety Institute, 891 N. Hoover, PO Box
778, Louisville, CO 80027, or see their World Wide Web site
on the Internet at: http://www.lightningsafety.com, or e-mail
them at rkithil@ix.netcom.com.

CONCLUSIONS

The purpose of this article is to present a model lightning
safety policy, since the lack of written lightning safety policies
is conspicuous, especially in NCAA Division I athletics. This
policy is presented so that athletic trainers may take it in its
base form and apply it with any necessary modifications to
their institutions or unique situations. I hope that the publica
tion of the lightning safety policy of The College of William
and Mary will help athletic trainers understand the need to
develop their own lightning safety policies, ones they are
comfortable with.
I feel the minimum components of any lightning safety
policy are (1) to establish who is responsible for making the
call to leave a field or event (ie, the coach or athletic trainer);
(2) to explain the "flash-to-bang" method; (3) to establish
criteria for leaving a field or event (eg, 30-second "flash-tobang" count or at the first sign of lightning); (4) to define a safe
shelter and list the locations of the safe shelters for each
athletic site; (5) to develop lightning safety guidelines (eg, do
not take shelter under trees); and (6) to establish criteria for
return to play. If a game has been suspended due to dangerous
lightning activity, a message outlining lightning safety mea
sures should be broadcast to spectators and competitors. If a
game has been cancelled or postponed, a separate message
should be broadcast to spectators and competitors telling them
that they should seek safe shelter, as demonstrated by the
following example: "All spectators, competitors, and personnel
should go inside the nearest school building as quickly as
possible. A vehicle with a metal roof and the windows rolled
up is a safe alternative to a sturdy building. Do not take shelter
under trees or other tall, lone objects. Do not remain on, under,
or near metal bleachers or metal fences. Do not use the
telephone or the shower or plumbing facilities."
The three most important points to remember about light
ning safety are (1) planning ahead by checking a weather report
each day; (2) comparing how far you are from safe shelter
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Effective Management of Epistaxis in
Athletes ; ' : """"' "''"" !;; ' ' ' l:^' v
' /: ''^^S'
Jeffrey D. Weir, ATC
Objective: To review current management techniques and
describe an alternative technique for managing epistaxis in
athletes.
Background: Nosebleeds are not usually considered a se
rious medical condition, but management can be a challenge.
Traditional management techniques may place opposing ath
letes at risk for blood exposure.
Description: The purpose of this article is to review the
anatomy of the nasal blood supply, discuss various etiologies

N

osebleeds, or epistaxis, in athletes can present a chal
lenge to quick and effective management. Guidelines
for handling blood-borne pathogens 1 '2 remind us that
even a simple nosebleed must be taken seriously to ensure the
safety of both injured athletes and those around them. Arnold 1
states that it is important to consider methods of limiting blood
exposure in the athletic environment.
Epistaxis commonly occurs in contact or collision sports,3
such as wrestling, boxing, hockey, basketball, soccer, and
football. Contact with a bleeding opponent can be a potentially
dangerous situation if the bleeding is not effectively controlled.
Traditional methods of management may prove ineffective
with respect to the constraints of the game and may place other
athletes at risk for blood exposure.

ANATOMY OF THE NASAL BLOOD SUPPLY
A general understanding of the anatomy, blood supply, and
surrounding structures of the nose is integral to the evaluation
and effective management of epistaxis. A detailed description
of the anatomy of, and blood supply to, the nose is beyond the
scope of this article; they will be discussed only as they relate
to the evaluation and management of epistaxis.
Nasal structures receive blood through various arteries,
divided into posterior and anterior groups, depending on the
area of the nose they supply. The posterior aspect of the nose
receives the majority of its blood supply from the internal
maxillary, anterior ethmoid, and posterior ethmoid arteries.4'5 '6
These arteries arise from deep within the skull and are well
protected from the types of blunt trauma encountered in
athletics. The anterior aspect of the nose, including the nasal
septum and the ala, receives blood via the septal and alar
branches of the superior labial artery.4 The superior labial
artery follows a superficial course along the upper lip, between
the orbicularis oris muscle and the mucous membrane of the
upper lip4 (Figure). The location of these arteries makes them
Jeffrey D. Weir is a staff athletic trainer at the Total Rehabilitation and
Athletic Conditioning Center, Botsford General Hospital, Novi, Ml
48375 and head athletic trainer at Farmington Hills Harrison High
School, Farmington Hills, Ml.
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and outline the evaluation of epistaxis, and present various
management techniques, including an alternative to traditional
techniques.
Clinical Advantages: The alternative management tech
nique presented allows effective management of epistaxis and
quick return to play while reducing the risk of blood exposure
for other competitors.
Key Words: facial injury, nasal injury, nosebleed

vulnerable to trauma, and the nasal septum and mucosa they
supply are highly vascular and prone to bleeding. 7'8
ETIOLOGY

Epistaxis can be classified by posterior and anterior origins.
Posterior epistaxis accounts for only 5% to 10% of nose
bleeds,9' 10 and facial or nasal trauma is unlikely to be a major
cause of posterior epistaxis because of the location of the
arteries that supply the involved structures. 10 Anterior epistaxis
is commonly the result of a septal contusion caused by a direct
blow to the nose. 7'" Anterior epistaxis may also result from a
sinus infection, a foreign body lodged in the nose, low
humidity, high altitude, mucous membrane irritation, allergens,
or serious facial or head injury. 3 ' 12
EVALUATION

An athlete who presents with epistaxis should first be evaluated
to determine the source of bleeding. The rate of bleeding may be
used to distinguish anterior from posterior epistaxis, with moder
ate to severe bleeding indicating posterior epistaxis and minor
bleeding indicating anterior epistaxis. 10 Posterior epistaxis,
though not common in most athletic settings, should nevertheless
be considered during the examination of all nosebleeds.
Examination of the internal structures of the nose should be
done in an attempt to locate the sites of bleeding and inspect for
septal hematoma, septal abscess, septal deviation, or presence of
foreign bodies. Examination of the exterior of the nose should
include visual inspection for deformity as well as palpation of the
nasal bones, cartilage, and surrounding structures.
Epistaxis secondary to a more serious injury should also be
considered during evaluation. Nasal, maxillary, or zygomatic
fracture, and cerebral injury may be associated with epistaxis.
Associated injuries and signs and symptoms are shown in the
Table. If a serious injury is suspected, the athlete should be
referred to a physician for further evaluation and treatment.
Management of epistaxis includes several techniques, de
pending on the severity of bleeding. Conservative treatment
consists of tilting the head forward, placing manual direct
pressure on the bleeding nostril, and applying a cold compress

Significant Injuries Associated with Epistaxis

Injury
Posterior epistaxis
Nasal, facial, or
zygomatic fracture

Skull fracture
Concussion

Septal hematoma

Septal abscess

Signs and Symptoms
Moderate or severe bleeding
Visible deformity
Increased mobility of bone or cartilage
Crepitus upon palpation
Bleeding that cannot be controlled
Clear rhinorrhea
Disorientation, dizziness, amnesia,
headache, loss of consciousness,
tinnitus, and unequal pupils
Difficulty breathing through nostril
Visible widening of internal nasal septum
Fluid-filled area of septum
Pus-filled blister inside nose
Increased body temperature

D

Main arteries supplying the nose. (A) Facial artery; (B) septal and
alar branches of the superior labial artery; (C) superior labial artery;
(D) inferior labial artery; and (E) external carotid artery.

In cases where quick return to play is desired, combining the two
techniques may be most effective and may reduce the risk of
blood exposure. Anecdotal reports from athletes indicate that they
were more comfortable with the roll under the lip rather than in
the nose. Athletes also report that they were better able to breathe
without the obstruction of a cotton or gauze roll in the nostril.
If athletes are allowed to return to play, they must be
monitored closely and removed from play if any signs or
symptoms develop that could endanger their health or place
other competitors at risk. If bleeding cannot be adequately
controlled, athletes should not be allowed to return to play, and
conservative treatment should be continued. Medical referral
may be required if the bleeding does not respond to treatment
or if serious injury is suspected.

for 5 to 10 minutes or until the bleeding subsides.7'8' 11 ' 12 These
techniques often do not fit within the constraints of a sport
where quick return to play is desirable.
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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 an NATA-certified
athletic trainer as an integral member of the research or project team. There
are three separate grant applications: l)research grants, 2) doctoral research
grants and 3) educational program and research grants.

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

Multiple awards are available
$100,000 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 studies, sports injury epidemiology and observation
al studies.

II. Pediatric Sports Health Care
This request for proposals is intended to stimulate research
that provides an expanded foundation of basic and applied
science related to pediatric sports health care. The goal is to
encourage 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 phys
ically active pediatric participant.

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
organized sport has outpaced efforts to clearly understand the
consequences 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. It is estimated that more than 30 mil
lion children and adolescents are participating in organized
sports in the United States. This is in addition to those in phys
ical education classes. Children represent the largest group of
individuals engaging in organized sport in this country.
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. Increasing sports
specialization at younger and younger ages has placed a high
premium for athletic success. 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 programs for the young
athlete pose a dilemma that the exercise science and medical
professions have yet to resolve satisfactorily. A developing
child differs significantly in anatomical and physiological
parameters from the mature adult. These differences must be
taken into account when prescribing exercise programs for
young athletes. Children in the 8-15 year age group are in a
complicated and critical growing period. Muscular develop
ment also varies considerably and the actual strength of mus
cle relates to the stresses that can be placed on the skeletal
framework without injury. For example, the growth centers in
the hip, knee, shoulder and vertebral column do not fuse until
18 to 25 years of age in the male. If children and adolescents
are involved in organized sports, it is obvious that a consider
able amount of skeletal growth is occurring simultaneously
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.
Objectives
The Research and Education Foundation, therefore,
encourages 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 are not limited to: conditioning of the child
athlete, prevention, treatment and rehabilitation of pediatric
athletic injuries, exercise pathophysiology, injury mecha
nisms in children, musculoskeletal healing processes in chil
dren, rehabilitation modalities, and epidemiology of athletic
injuries in children.

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

Two
$2,500 for each grant
March 1
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. You must have doctoral student
status during the term of the grant to be considered for funding.

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

Multiple awards are available
$25,000 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, such as physical therapy, nurs
ing and physician assistant programs. 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 settings, and (d) the
effectiveness of matching the learning styles of student ath
letic 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.

II. Education Research Grants
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 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.

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-NATA
ext. 121. Q

NATA Research & Education Foundation
CALL FOR ABSTRACTS
1998 National Athletic Trainers' Association — Annual Meeting & Clinical Symposia
Baltimore, Maryland • June 17-20,1998
DEADLINE FOR ABSTRACT SUBMISSION: JANUARY 5,1998
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 ( 1 2 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 CASE 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.

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."
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 WordPerfect or
ASCII format; 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, 1998 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
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 1,1997

Zip

D Free Communication

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

D Clinical Studies
D Sports Injury
Epidemiology

Indicate your presentation preference:
(check one only; choice does not influence acceptance)
D Indifferent
D Oral
D Poster

Clint Thompson, MS, ATC
Kaikkonen A, Hyppanen E, Kannus P,
Jarvinen M. Long-term functional
outcome after primary repair of the
lateral ligaments of the ankle. Am J
Sports Med. 1997;25:150-155.

We retrospectively re-examined a to
tal of 100 patients 6 to 8 years after
primary repair of ruptured lateral liga
ments of the ankle. Fifty-nine percent of
the injuries had occurred in sports; the
other main causes of the injuries were
accidents at work (12%), in traffic
(10%), and at home (4%). Almost twothirds of the sports injuries were sus
tained in volleyball. The most common
type of injury was a combined rupture of
the anterior talofibular and the calcaneofibular ligaments (66 patients). Accord
ing to subjective assessment, 74 patients
had excellent or good results. For the
anterior drawer sign test, 75 patients
showed no sign of instability in their
injured ankles. The scores in our perfor
mance test protocol of ankle injuries
were classified as excellent or good in 65
patients, fair in 27 patients, and poor in 8
patients. The overall long-term results
were acceptable in the majority of the
patients. Prospective, randomized stud
ies are needed to clarify if nonoperative
treatment (ie, early controlled mobiliza
tion) would give similar long-term re
sults.
Reprinted with the permission of the
American Journal of Sports Medicine.

Manfroy PP, Ashton-Miller JA, Wojtys EM. The effect of exercise, prevvrap, and athletic tape on the maxi
mal active and passive ankle
resistance to ankle inversion. Am J
Sports Med. 1997;25:156-163.

This investigation explored alterna
tives to the null hypotheses that maximal
active and passive resistance to inversion
developed by a near-maximally inverted
and weight-bearing ankle is not altered
by (1) the use of prophylactic adhesive
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athletic tape, (2) the use of nonadhesive
prewrap (underwrap), or (3) 40 minutes
of vigorous exercise. Ten healthy men
and 10 healthy women (mean age, 25 ±
3 years) with no recent ankle injuries
underwent testing to determine maximal
ankle resistance to inversion under unipedal, weight-bearing conditions. Tests
were performed with and without the
support of athletic tape, and before and
after 40 minutes of exercise. Half the
testing sessions were performed with
prewrap under the tape. At 15° of inver
sion, without any external ankle support,
healthy young men and women could
maximally resist a mean (SD) inversion
moment of 52.9 (6.4) Nm and 28.3 (5.8)
Nm, respectively. Although use of ankle
tape provided a 10% increase in maximal
resistance to inversion moments, this
increase diminished to insignificant lev
els after 40 minutes of vigorous exercise.
Use of prewrap improved maximal resis
tance to inversion by more than 10%.
Reprinted with the permission of the
American Journal of Sports Medicine.

Motta P, Errichiello C, Pontini I.
Achilles tendon rupture: a new tech
nique for easy surgical repair and
immediate movement of the ankle and
foot. Am J Sports Med. 1997 ;25:172176.
The two objectives of surgical treat
ment of closed Achilles tendon ruptures
in physically active patients are the res
toration of the musculotendinous struc
ture to its proper length and tendon
healing. However, faulty wound healing
and postoperative tendon rupture are just
two complications that can occur. We
developed a new surgical procedure that
permits better tendon repair by using
three specially constructed barbed wire
hooks and Aldam's cutaneous approach.
The integrity of the suture permits an
immediate controlled movement of the
ankle with a postoperative orthopaedic
brace. Weight-bearing can be started af
ter 2 months. We operated on 78 physi
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cally active patients with 78 closed
Achilles tendon ruptures between Febru
ary 1989 and November 1994. We reexamined 71 patients after an average of
24.5 months. All the tendons had healed
completely without wound complica
tions. Early assisted movement of the
ankle also helped avoid the need for
functional rehabilitation. This technique
is easily performed, and the immediate
movement of the foot and ankle helps the
remodeling of scar tissue, at the same
time inhibiting the formation of skin
adherences that can later interfere with
full movement of the joint.
Reprinted with the permission of the
American Journal of Sports Medicine.

Brown DW, Curry CM, Ruterbories
LM, Avery FL, Anson PS. Evaluation
of pain after arthroscopically assisted
anterior cruciate ligament reconstruc
tion. Am J Sports Med. 1997;25:182186.
Pain after arthroscopically assisted an
terior cruciate reconstruction was exam
ined during the first 5 postoperative days
to evaluate its intensity and duration.
One hundred consecutive patients who
underwent arthroscopically assisted an
terior cruciate ligament reconstruction
using a bone-patellar tendon-bone autograft were examined. During surgery,
ketorolac (60 mg) was given intrave
nously and 0.25% bupivacaine (1 mL/kg
total) was injected into the joint space
and the graft donor site. After surgery, all
patients received scheduled doses of oral
acetaminophen (650 mg) and ketorolac
(10 mg) four times a day, and they were
allowed to take oral oxycodone (5mg to
10 mg) every 2 hours as needed. Pain
scores at rest and with activity reached a
maximum on the 2nd postoperative
morning. Oxycodone consumption also
peaked on the 2nd postoperative day.
Eighty-nine (89%) patients reported
overall pain as mild or moderate, and 95
patients (95%) reported either excellent
or good overall relief of pain. The 5-day

cumulative mean of visual analog scale
pain scores for attempting straight leg
raises was significantly higher for pa
tients unable to successfully perform that
activity than for patients who were able
to perform it. The association between
elevated pain scores and diminished abil
ity to perform straight leg raises suggests
that pain may inhibit function and there
fore early rehabilitation.
Reprinted with the permission of the
American Journal of Sports Medicine.

Aune AK, Cawley PW, Eketand A.
Quadriceps muscle contraction pro
tects the anterior cruciate ligament
during anterior tibial translation.
Am J Sports Med. 1997;25:187-190.
The proposed skiing injury mecha
nism that suggests a quadriceps muscle
contraction can contribute to anterior
cruciate ligament rupture was biomechanically investigated. The effect of
quadriceps muscle force on a knee spec
imen loaded to anterior cruciate ligament
failure during anterior tibial translation
was studied in a human cadaveric model.
In both knees from six donors, average
age 41 years (range, 31 to 65), the joint
capsule and ligaments, except the ante
rior cruciate ligament, were cut. The
quadriceps tendon, patella, patellar ten
don, and menisci were left intact. One
knee from each pair was randomly se
lected to undergo destructive testing of
the anterior cruciate ligament by anterior
tibial translation at a displacement rate of
30 mm/sec with a simultaneously ap
plied 889 N quadriceps muscle force.
The knee flexion during testing was 30°.
As a control, the contralateral knee was
loaded correspondingly, but only 5 N of
quadriceps muscle force was applied.
The ultimate load for the knee to anterior
cruciate ligament failure when tested
with 889 N quadriceps muscle force was
22% ± 18% higher than that of knees
tested with 5 N of force. The linear
stiffness increased by 43% ± 30%.
These results did not support the specu
lation that a quadriceps muscle contrac
tion contributes to anterior cruciate liga
ment failure. In this model, the quad

riceps muscle force protected the ante
rior cruciate ligament from injury during
anterior tibial translation.
Reprinted with the permission of the
American Journal of Sports Medicine.

Snyder-Mackler L, Fitzgerald GK,
Bartolozzi AR, Ciccotti MG. The rela
tionship between passive joint laxity
and functional outcome after anterior
cruciate ligament injury. Am J Sports
Med. 1997;25:191-195.
Twenty patients with anterior cruciate
ligament-deficient knees were studied.
Ten patients returned to all sports activ
ities (compensators) and 10 patients
were not improved with nonoperative
management and required surgical stabi
lization (noncompensators). Joint laxity
was measured using a KT-2000 arthrometer (manual maximum Lachman). Sub
jects completed a Lysholm questionnaire
and Knee Outcome Score. The Interna
tional Knee Documentation Committee
form was also completed. Patients also
rated their knee function on a scale of 1
to 100. There was no difference in level
and frequency of athletic activity be
tween the two groups before their ante
rior cruciate ligament injuries as deter
mined by the knee outcome score. The
compensator group had a mean side-toside difference of 3.25 mm at 89 N and
the noncompensators had a mean differ
ence of 3 mm preoperatively. Manual
maximum tests gave side-to-side differ
ences of 6.7 mm for the compensators
and 6 mm for the noncompensators.
There were no differences in laxity mea
sures between groups. The correlation
between knee outcome scores and sideto-side laxity measurements was not sig
nificant. Measurements of anterior laxity
in anterior cruciate ligament-deficient
patients were not correlated with mea
sures of functional outcome used in this
study. Functional outcome measure
ments that are partially based on joint
laxity measures, such as the International
Knee Documentation Committee form,
may artificially overestimate the disabil
ity after anterior cruciate ligament rup
ture.

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

Barrack RL, Lund PJ, Munn BG,
Wink C, Happel L. Evidence of reinnervation of free patellar tendon autograft used for anterior cruciate lig
ament reconstruction. Am J Sports
Med. 1997;25:196-202.
We studied six adult male dogs to
determine whether free patellar tendon
grafts show evidence of reinnervation
when used for anterior cruciate ligament
reconstruction. Histologic return of neu
ral elements and return of a somatosensory-evoked potential defined evidence
of reinnervation. Before removal, the
native anterior cruciate ligament was
electrically stimulated with a bipolar
electrode, and a somatosensory-evoked
potential was recorded from a scalp elec
trode. The ligament was excised and
reconstructed using an autogenous patel
lar tendon graft. Somatosensory-evoked
potential was attempted immediately af
ter reconstruction. Histology for nerve
endings was performed on the native
ligaments. Each animal underwent repeat
arthrotomy 6 months later. The grafts
were isolated, and somatosensoryevoked potentials were attempted. An
evoked potential was seen in all six dogs
before reconstruction. No graft demon
strated a somatosensory-evoked poten
tial acutely; however, 6 months postoperatively, the somatosensory-evoked
potential returned in two cases. Histol
ogy of native ligaments showed that 25%
of the 100 sections evaluated contained
neural elements. Of the receptors
present, 89% were mechanoreceptors,
and 11% were free nerve endings. His
tologic examination of the graft tissue 6
months postoperatively revealed that all
six grafts also contained neural elements.
Mechanoreceptors and free nerve end
ings were present in approximately equal
numbers in the grafts. The results of
histology and somatosensory-evoked po
tential demonstrate that in at least some
cases, free patellar tendon grafts show
evidence of reinnervation when used for
anterior cruciate ligament reconstruction.
Reprinted with the permission of the
American Journal of Sports Medicine.
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Arroll B, Ellis-Pegler E, Edwards A,
Sutcliffe G. Patellofemoral pain syn
drome: a critical review of the clinical
trials on nonoperative therapy. Am J
Sports Med. 1997; 25:207-212.
Many therapies have been advocated
for treating patellofemoral pain, which
suggests little consensus on optimal
treatment. We reviewed the high-quality
evidence for successful treatment of
patellofemoral syndrome based on suc
cessful outcome information. To achieve
this goal, we undertook a systematic
search and critical appraisal of the liter
ature on patellofemoral pain syndrome.
Our definition of patellofemoral pain
syndrome was broad and included pa
tients with cartilage damage. We found
five randomized controlled trials and
some follow-up studies. The prognoses
for most new cases of patellofemoral
pain syndrome are good, although a pro
portion of patients with this syndrome
will have persistent symptoms. Quadri
ceps muscle exercises were effective in
treating this condition, and knee braces
were not. Both prostheses and intramus
cular glycosaminoglycan polysulfate had
encouraging results for patients; how
ever, these results need confirmation.
There were many studies of biomechanics, which indicates that there is an as
sumption that an alteration of abnormal
biomechanics would result in clinical
benefit. Studies are needed that place
more emphasis on the therapeutic bene
fit. There is limited evidence on which to
base therapy, and there needs to be more
high-quality research. Studies need to be
longer, account for factors that predis
pose the patients, and have a more stan
dardized means of assessing outcomes.
Reprinted with the permission of the
American Journal of Sports Medicine.

Maenpaa H, Lehto MUK. Patellar dis
location: the long-term results of nonoperative management in 100 patients.
Am J Sports Med. 1997;25:213-217.
One hundred patients were treated
nonoperatively for primary acute patellar
dislocations, either by plaster cast (n =
60), by posterior splint (n = 17), or by
patellar bandage or brace (n = 23).
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Follow-up examinations were performed
at an average of 13 years later (range, 6
to 26 years). Overall, there were 0.17
redislocations per follow-up year; the
redislocation frequencies per follow-up
year for each patient group were 0.29,
patellar bandages or braces; 0.12, plaster
cast; and 0.08, posterior splint. In addi
tion, there were fewer recurrences and
subsequent problems (patellofemoral
pain or subluxations) in the group treated
with posterior splints compared with the
two other treatment groups. The most
marked restrictions of knee joint move
ments were seen in the patients treated
with plaster casts. Subjective assessment
of treatment, however, did not differ
significantly between the groups. Pa
tients were also evaluated in relation to
the treatment of redislocations and man
agement of subsequent problems (ie,
patellofemoral pain or subluxations). Pa
tients who were treated operatively for
their redislocations exhibited better out
comes than patients treated nonopera
tively. In the patients who had subse
quent problems, the operation did not
relieve the symptoms.
Reprinted with the permission of the
American Journal of Sports Medicine.

Popp JE, Yu JS, Kaeding CC. Recal
citrant patellar tendinitis: magnetic
resonance imaging, histologic evalua
tion, and surgical treatment. Am J
Sports Med. 1997;25:218-222.
Magnetic resonance imaging findings
and the results of surgical treatment and
histologic evaluation of 11 knees in 9
athletes with recalcitrant patellar tendini
tis are reported. All of the athletes had no
improvement with traditional nonopera
tive treatment and all had abnormal mag
netic resonance imaging findings consis
tent with chronic patellar tendinitis.
Surgical exploration and debridement
were performed on the 11 knees by the
same surgeon. With a minimum fol
low-up of 1 year, 7 of the 1 1 knees had
excellent results, 3 had good results, and
1 had a poor result. Histologic evaluation
of the debrided tissue was consistent
with "angiofibroblastic tendinosis,"
which correlated with the abnormal preoperative magnetic resonance imaging

Volume 32 • Number 3 • September 1997

findings in the proximal third of the
infrapatellar tendon. This study corre
lated histologic findings with magnetic
resonance imaging findings and shows
that in selected patients excellent results
can be achieved with surgical treatment
of recalcitrant patellar tendinitis or
"jumper's knee."
Reprinted with the permission of the
American Journal of Sports Medicine.

Swenson TM, Lauerman WC, Blanc
RO, Donaldson III WF, Fu FH. Cer
vical spine alignment in the immobi
lized football player: radiographic
analysis before and after helmet re
moval. Am J Sports Med. 1997;25:226230.
We investigated the effect of football
helmet removal on the sagittal alignment
of the cervical spine. A quantitative ra
diographic assessment of relative cervi
cal spine position in subjects immobi
lized to a standard backboard wearing
shoulder pads either with or without a
helmet was performed. Comparison was
made to a control situation with subjects
on a backboard wearing no equipment.
Ten subjects were studied using lateral
computed tomographic scout films; each
subject served as his own control. Radio
graphs were measured for overall sagittal
cervical alignment and the amount of
lordosis or kyphosis present within spe
cific segments of the cervical spine.
Mean values for each of the three defined
situations (no equipment, shoulder pads
and helmet, shoulder pads alone after
helmet removal) were calculated and
subjected to statistical analysis. No sta
tistically significant difference in cervi
cal sagittal alignment was noted when
either no equipment or both shoulder
pads and helmet were worn. In contrast,
a statistically significant increase in cer
vical lordosis (extension) was found
when comparing the control situation to
that when only shoulder pads were worn
after the helmet had been removed. The
majority of this increase occurred in the
subaxial spine. Therefore, the authors
recommend that football players with a
potential cervical spine injury be immo
bilized for transport with both their hel
met and shoulder pads left in place,
thereby maintaining the neck in a posi-

tion most closely approximating "nor
mal."
Reprinted with the permission of the
American Journal of Sports Medicine.
Kitaoka HB, Luo ZP, An K. Threedimensional analysis of normal ankle
and foot mobility. Am J Sports Med.
1997;25:238-242.
We defined foot and ankle motion
with respect to the neutral position. Thir
teen normal fresh-frozen specimens of
the human foot were used. The foot was
placed in the extreme positions of pronation, supination, dorsiflexion, and
plantar flexion, and positions of multiple
bones were monitored simultaneously
with a magnetic tracking device to deter
mine rotation of the talocrural, subtalar,
metatarsal-navicular, and talonavicular
joints under the various conditions. In
pronation, the most rotation occurred at
the metatarsal-navicular level, followed
by the navicular-talar, talar-tibial, and
calcaneal-talar levels. In supination,
most rotation occurred at the naviculartalar level, followed by the calcanealtalar, talar-tibial, and metatarsal-navicu
lar levels. In dorsiflexion, most rotation
occurred at the talar-tibial level, fol
lowed by the navicular-talar, calcanealtalar, and metatarsal-navicular levels. In
plantar flexion, most rotation occurred at
the talar-tibial level, but there was con
siderable motion at the navicular-talar,
metatarsal-navicular, and calcaneal-talar
levels. Understanding the specific joint
motions that occur with various positions
of the foot and ankle is important be
cause measurements of joint mobility
may assist in establishing diagnoses,
monitoring clinical conditions, determin
ing indications for operative treatment,
assessing results of treatment, and fol
lowing the progress of rehabilitation.
Reprinted with the permission of the
American Journal of Sports Medicine.

Congeni J, McCulloch J, Swanson K.
Lumbar spondylolysis: a study of nat
ural progression in athletes. Am J
Sports Med. 1997;25:248 -253.
We examined the natural course of
athletically active young people with

back pain and a diagnosis of spondylol
ysis (stress fracture of the pars interarticularis of the facet joint of the lumbar
spine). We limited the study to those
with "subtle" fractures (normal radio
graphs and positive bone scans) and used
computed tomography scanning to fur
ther characterize this lesion and to deter
mine whether we could demonstrate
healing in this population. The study
group included 40 patients with low back
pain and a diagnosis of spondylolysis by
nuclear medicine study. Computed to
mography scans were performed with
both traditional cuts and reverse-gantry
angled cuts to help determine long-term
treatment and prognosis. Forty-five per
cent of patients (18) demonstrated
chronic nonhealing fractures, 40% (16)
demonstrated acute fractures in various
stages of healing, and 15% (6) demon
strated no obvious fractures. With the
diagnosis of spondylolysis being fairly
common in young athletes with low back
pain, primary care physicians need to
have a high index of suspicion in making
the diagnosis. Computed tomography
scans can play a very important role in
diagnosis, assessment of the defect,
short-term and long-term management
decisions, and in determining prognosis.
Reprinted with the permission of the
American Journal of Sports Medicine.

Bak K, Faunar P. Clinical findings in
competitive swimmers with shoulder
pain. Am J Sports Med. 1997;25:254260.
We clinically evaluated 36 competi
tive swimmers who had shoulder pain;
the majority were women. Twenty-three
swimmers had unilateral shoulder pain
and 13 had bilateral pain, making a total
of 49 painful shoulders. Shoulder pain
had been present significantly longer in
swimmers with bilateral shoulder pain
(mean, 104 weeks) than in swimmers
with unilateral pain (mean, 33 weeks).
Twelve shoulders exhibited signs of im
pingement without excessive humeral
head translation. In 25 shoulders, con
comitant signs of impingement and in
creased glenohumeral translation, to
gether with a positive apprehension sign,
were found. Four swimmers, who were

generally joint hypermobile, exhibited
bilateral impingement signs and exces
sive humeral head translation, most com
monly in the anteroinferior direction.
Four shoulders had excessive humeral
head translation and apprehension with
out impingement. Lack of coordination
in the scapulohumeral joint was seen
significantly more often in symptomatic
than in asymptomatic shoulders.
Hawkins' test for impingement was
more sensitive than Neer's test. Swim
mers with shoulder pain have variable
clinical findings. The majority demon
strate signs of impingement and in
creased humeral head translation in the
anteroinferior direction together with a
positive apprehension sign. This nontraumatic instability might result from
wearing of the anteroinferior capsuloligamentous complex. The different clini
cal findings might represent different
stages of the same condition.
Reprinted with the permission of the
American Journal of Sports Medicine.

Ryder SH, Johnson RJ, Beynnon BD,
Ettlinger CF. Prevention of ACL inju
ries. / Sport Rehabil. 1997;6:80-96.
Athletes are particularly at risk for
anterior cruciate ligament injury, and
there is some evidence that female ath
letes are more at risk than males. The
conflicting principles of stability and
mobility are at odds within the knee,
setting the stage for potentially serious
injuries. Some investigators suggest that
the size of the intercondylar notch should
be used to identify athletes at risk for
ACL damage, but more research is re
quired before clinical decisions can be
based on notch width measurements.
Athletic shoe modifications and artificial
playing surfaces may influence the inci
dence of ACL injures. Functional knee
braces appear to have beneficial strainshielding effect on the ACL for anteriordirected loads and internal-external
torques applied to the tibia, but this
effect appears to decrease as the magni
tude of these anterior directed loads and
torques increases. Ski equipment is often
pointed to as a contributing factor in
ACL injuries, but there is no evidence
that modifications in ski equipment will
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decrease ACL disruptions. An education
program based on recognizing the events
that lead to ACL injury in skiing may
reduce knee injuries in the future.
Reprinted with the permission of the
Journal of Sport Rehabilitation.

Ireland ML, Gaudette M, Crook S.
ACL injuries in the female athlete.
./ Sport Rehabil. 1997;6:97-110.
The high rate of noncontact ACL in
juries in female athletes has become a
prominent and controversial subject.
This article attempts to provide insight
into this trend in athletic injuries. Ana
tomical, physiologic, and biomechanical
differences are discussed as possible
causative factors. Epidemiologic data re
garding ACL injuries are reviewed, com
paring the genders. The discussion also
includes anecdotal findings that support
current research. This review is intended
to raise awareness of the problem and
promote screening for risk factors and
implementation of more thorough and
aggressive preventive programs.
Reprinted with the permission of the
Journal of Sport Rehabilitation.

Irrgang JJ, Harner CD. Recent ad
vances in ACL rehabilitation: clinical
factors that influence the program.
J Sport Rehabil. 1997;6:111-124.
Rehabilitation following ACL recon
struction focuses on treatment of impair
ments and functional limitations. Clini
cal pathways that have been developed
for rehabilitation of the knee are useful
for identifying and classifying impair
ments and functional limitations follow
ing ACL reconstruction. Application of
these clinical pathways will enable the
physical therapist or athletic trainer to
select the most appropriate treatment for
an individual. Knowledge of secondary
pathology and concomitant surgery al
lows the clinician to modify application
of the clinical pathway. The purpose of
this manuscript is to describe modifica
tions for rehabilitation of individuals fol
lowing ACL reconstruction, based on
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knowledge of secondary pathology
and/or concomitant surgery.
Reprinted with the permission of the
Journal of Sport Rehabilitation.

Wilk KE, Zheng N, Fleisig GS, An
drews JR, Clancy WG. Kinetic chain
exercise: implications for the anterior
cruciate ligament patient. J Sport Re
habil. 1997;6:125-143.
Closed kinetic chain exercise has be
come popular in rehabilitation of the
ACL patient. While many clinicians
agree on the benefits of closed kinetic
chain exercise, there is great discrepancy
as to which exercises fit this category.
This discrepancy stems from the fact that
the kinetic chain concept was originally
developed using mechanical engineering
concepts and not human kinesiology. In
this paper, the kinetic chain concept is
redefined in a continuum of lower ex
tremity exercises from closed kinetic
chain to open kinetic chain. The place
ment of an exercise in this continuum is
based upon joint kinematics, quadriceps
and hamstring muscle activity, cruciate
ligament stress, and joint weight-bearing
load. An understanding of these factors
can help the clinician design a compre
hensive and effective rehabilitation pro
gram for the ACL patient.
Reprinted with the permission of the
Journal of Sport Rehabilitation.

De Carlo M, Klootwyk TE, Shelbourne KD. ACL surgery and acceler
ated rehabilitation: revisited. J Sport
Rehabil. 1997;6:144-156.
Rehabilitation following intra-articular anterior cruciate ligament (ACL) re
construction has undergone a dramatic
evolution during the last decade. This
paper describes our accelerated rehabili
tation program, which is divided into
four phases. The preoperative phase be
gins immediately after injury and em
phasizes control of swelling and restora
tion of full range of motion (ROM) and
strength before surgery. Phase II, which
includes the first 2 weeks after surgery,
emphasizes helping the patient obtain
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full terminal knee extension and weightbearing. The final two phases focus on
improving lower extremity strength and
full return to daily and athletic activities.
This accelerated program has resulted in
an earlier return of ROM and strength as
well as a decrease in postoperative pro
cedures, without compromising ligamentous stability.
Reprinted with the permission of the
Journal of Sport Rehabilitation.

Mangine RE, Kremchek TE. Evalua
tion-based protocol of the anterior
cruciate ligament. J Sport Rehabil.
1997;6:157-181.
This article provides the basis for
development of an evaluation-based pro
tocol of the anterior cruciate ligament
(ACL). The historical background for
ACL protocols is reviewed, and the
foundation for protocol development is
described. Crucial to the design of a
rehabilitation protocol are basic science
components, including surgical tech
nique, biomechanics of exercise applica
tion, soft tissue healing response, articu
lar cartilage response to injury and
surgery, and evaluation fundamentals.
The evaluation-based protocol was de
signed to account for patient variation
through a hierarchy approach to exercise
and functional levels. To assess the ef
fectiveness of this approach, data are pro
vided that support this protocol format.
The outcome data are consistent with
data found in the literature. It is con
cluded that rehabilitation must revolve
around intrinsic patient variables, rather
than the extrinsic independent variables.
Reprinted with the permission of the
Journal of Sport Rehabilitation.

Swanik CB, Lephart SM, Giannantonio FP, Fu FH. Reestablishing proprioception and neuromuscular control
in the ACL-injured athlete. J Sport
Rehabil. 1997;6:182-206.
Anterior cruciate ligament (ACL) in
jury disrupts static and dynamic knee
restraints, compromising functional sta
bility. Deafferentation of ACL mechano-

receptors alters the spinal reflex path
ways to motor nerves and muscle
spindles in addition to the cortical path
ways for conscious and unconscious ap
preciation of proprioception and kinesthesia. These pathways are required by
the feed-forward and feedback neuromuscular control systems to dynamically
stabilize joints. Feed-forward motor con
trol is responsible for preparatory muscle
activity, while feedback motor control
regulates reactive muscle activity. The
level of muscle activation, preparatory or
reactive, influences muscular stiffness,
thereby providing dynamic restraint for
the ACL-deficient athlete. Rehabilitation
protocols should incorporate activities
that enhance muscle stiffness while en
couraging adaptations to peripheral afferents, spinal reflexes, and cortical mo
tor patterns. Four elements crucial for
reestablishing neuromuscular control
and functional stability are proprioceptive and kinesthetic awareness, dynamic
stability, preparatory and reactive muscle
characteristics, and conscious and un
conscious functional motor patterns.
Reprinted with the permission of the
Journal of Sport Rehabilitation.

Somers DL, Hanson JA, Kedzierski
CM, Nestor KL, Quinlivan KY. The
influence of experience on the reliabil
ity of goniometric and visual measure
ment of forefoot position. / Orthop
Sports Phys Ther. 1997;25:192-202.
Goniometric measurement of forefoot
position relative to the rearfoot is a
routine procedure used by rehabilitation
specialists. This measurement is also fre
quently made by visual estimation. The
influence of tester experience on the
reliability of these two techniques at the
forefoot is unknown. The purpose of this
investigation was to directly examine the
reliability of goniometric and visual es
timation of forefoot position measure
ments when experienced and inexperi
enced testers perform the evaluation.
Two clinicians (with >10 years experi
ence) and two physical therapy students
were recruited as testers. Ten subjects
(20-31 years old), free from pathology,
were measured. Each foot was evaluated
twice with the goniometer and twice

with visual estimation by each tester.
Intraclass correlation coefficients (ICC)
and coefficients of variation method er
ror were used as estimates of reliability.
There was no dramatic difference in the
intratester or intertester reliability be
tween experienced and inexperienced
testers, regardless of the evaluation used.
Estimates of intratester reliability [ICC
(2,11)] when using the goniometer,
ranged from 0.08 to 0.78 for the experi
enced examiners and from 0.16 to 0.65
for the inexperienced examiners. When
using visual estimation, ICC (2,7) values
ranged from 0.51 to 0.76 for the experi
enced examiners and 0.53 to 0.57 for the
inexperienced examiners. The estimate
of intertester reliability (ICC (2,21)) for
the goniometer was 0.38 for the experi
enced examiners and 0.42 for the inex
perienced examiners. When using visual
estimation, ICC (2, 2) values were 0.81
for the experienced examiners and 0.72
for the inexperienced examiners. Al
though experience does not appear to
influence forefoot position measure
ments, of the two evaluation techniques,
visual estimation may be the more reli
able.
Reprinted with the permission of the
Journal of Orthopaedic and Sports
Physical Therapy.

Scoville CR, Arciero A, Taylor DC,
Stoneman PD. End range eccentric
antagonist/concentric agonist strength
ratios: a new perspective in shoulder
strength assessment. J Orthop Sports
Phys Ther. 1997;25:203-207.
The dynamic muscle stabilizers of the
shoulder are critical to high performance
in the overhead athlete. Previous evalu
ations of shoulder strength have focused
on the concentric strength of the rotator
cuff. Functionally, the rotator cuff mus
cles interact in an eccentric/concentric
fashion. This is the first study to evaluate
the end-range eccentric antagonist/
concentric agonist ratios of the shoulder
rotators. Seventy-five asymptomatic col
lege-level males were tested through a
range of 20° of lateral rotation to 90° of
medial rotation using the Kin-Corn com
puter-assisted, hydraulic-resisted, isokinetic dynamometer at a speed of 40°/sec.

The end-range (60°- 40°) ratios for the
medial rotators functioning eccentrically
and lateral rotators functioning concen
trically were 2.39:1 and 2.15:1 for the
dominant and nondominant shoulders,
respectively. End-range (10° of lateral
rotation-20° of medial rotation) ratios
for lateral rotators functioning eccentri
cally and medial rotators functioning
concentrically were 7. 08:1 and 1.05:1 for
the dominant and nondominant shoul
ders, respectively. The application of this
functional assessment of strength testing
results may provide important informa
tion in the evaluation of the injured
shoulder in the overhead athlete, for
prescreening, and to gauge return to
sports after injury or surgery.
Reprinted with the permission of the
Journal of Orthopaedic and Sports
Physical Therapy.

Gross MT, Clemence LM, Cox BD,
McMillan HP, Meadows AF, Piland
CS, Powers WS. Effect of ankle orthoses on functional performance for in
dividuals with recurrent lateral ankle
sprains. J Orthop Sports Phys Ther.
1997;25:245-252.
Ankle orthoses are commonly used
for protection against initial ankle sprain
injuries and for protection against reinjury. The purpose of this study was to
compare the effects of the DonJoy Ankle
Ligament Protector (ALP) and the Aircast Sport-Stirrup (AS) on the functional
performance tasks of a 40-meter sprint, a
figure-of-eight run, and standing vertical
jump. Subjects were 14 males and 9
females who reported a history of two or
more lateral ankle sprains of the same
ankle and no sprains of the contralateral
ankle. Each subject performed all func
tional tasks on the first test day with both
ankles unbraced and with the recurrently
sprained ankle braced with one of the
two orthoses. Each subject returned for
testing on a second day and performed
all tasks with both ankles unbraced and
with the other orthosis on the recurrently
sprained ankle. Subjects also rated the
orthoses for comfort and support. Anal
ysis of variance indicated that braced
data were not significantly different from
unbraced data and that data for the two
Journal of Athletic Training

265

orthoses did not differ significantly for
any of the functional performance tasks.
Seventy-four percent of the subjects re
ported the AS was more comfortable
than the ALP, and 61% of the subjects
indicated that the AS provided more
support than the ALP. Neither orthosis
had an effect on functional performance.
The results may assist clinicians in se
lecting either of these orthoses for use in
protection against ankle sprain injury.
Reprinted with the permission of the
Journal of Orthopaedic and Sports
Physical Therapy.

Weir JP, Housh DI, Housh TJ, Weir
LI. The effect of unilateral concentric
weight training and detraining on
joint angle specificity, cross-training,
and the bilateral deficit. J Orthop
Sports Phys Ther. 1997;25:264-270.
Changes in strength following con
centric-only weight training and detrain
ing are poorly understood. The purpose
of this investigation was to examine the
effects of unilateral concentric leg exten
sion weight training and detraining on
joint angle specificity, cross-training,
and the bilateral deficit (individual limb
strength > bilateral strength/2). Sixteen
males volunteered to be subjects for this
investigation (concentric training group,
n = 8; control group, n = 8). The
training group performed 8 weeks of
training with (he nondominant limb three
times per week (3-5 sets X six repeti
tions), followed by 8 weeks of detrain
ing. These subjects were tested pretraining, post-training, and following
detraining for maximal isometric
strength at three joint angles (15°, 45°,
and 75°) in both limbs as well as for the
one-repetition maximum (1-RM) con
centric strength of the trained limb, un
trained limb, and bilaterally. The results
of this investigation indicated that the
effects of the concentric weight training
were not joint angle specific since the
isometric strength increases occurred at
all three joint angles. This effect was
found in both limbs, indicating that
cross-training occurred. The results of
the 1-RM analyses showed that initially
there was a bilateral deficit (untrained
limb > bilateral, trained limb at pretrain266

ing). While the concentric training re
sulted in increases in 1-RM strength in
the trained limb, untrained limb, and
bilaterally, differences between bilateral
strength and the untrained limb were
reversed post-training and the trained
limb values exceeded both the bilateral
and untrained limb values. Finally, the
effects of detraining were more pro
nounced for isometric strength vs 1-RM
strength since there was a significant
decrease from post-training in the iso
metric scores, but the detraining 1-RM
values were not significantly decreased
from post-training for either limb or
bilaterally.
Reprinted with the permission of the
Journal of Orthopaedic and Sports
Physical Therapy.
Wilk KE, Arrigo CA, Andrews JR.
Current concepts: the stabilizing
structures of the glenohumeral joint.
J Orthop Sports Phys Ther. 1997;25:
364-379.
Significant contemporary advances
have permitted a more comprehensive
understanding and development of some
interesting concepts about the glenohu
meral joint. The purpose of this review
paper was to discuss current concepts
related to the anatomical stabilizing
structures of the shoulder joint complex
and their clinical relevance to shoulder
instability. The clinical syndrome of
shoulder instability represents a wide
spectrum of symptoms and signs that
may produce various levels of dysfunc
tion, from subtle subluxations to gross
joint instability. The glenohumeral joint
attains functional stability through a del
icate and intricate interaction between
the passive and active stabilizing struc
tures. The passive constraints include the
bony geometry, glenoid labrum, and the
glenohumeral joint capsuloligamentous
structures. Conversely, the active con
straints, also referred to as the active
mechanisms, include the shoulder com
plex musculature, the proprioceptive sys
tem, and the musculoligamentous rela
tionship. The interaction of the active
and passive mechanisms which provide
passive and active glenohumeral joint
stability will be thoroughly discussed in
this paper.
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Reprinted with the permission of the
Journal of Orthopaedic and Sports
Physical Therapy.

Wilk KE, Andrews JR, Arrigo CA.
The physical examination of the gleno
humeral joint: emphasis on the stabi
lizing structures. J Orthop Sports Phys
Ther. 1997 ;25:380 -390.
Thorough descriptions of specific
physical examination tests used to deter
mine glenohumeral instability are lack
ing in the scientific literature. The pur
pose of this paper was to discuss the
importance of the subjective history and
illustrate the physical examination of the
glenohumeral joint. Additionally, the au
thors will illustrate specific stability as
sessment tests for the glenohumeral joint
based on current basic science and clin
ical research. The physical examination
of a patient whose history suggests sub
tle glenohumeral joint instability may be
extremely difficult for the clinician due
to the normal amount of capsular laxity
commonly present in most individuals.
An essential component of the physical
examination is a thorough and meticu
lous subjective history that includes the
mechanisms of injury and/or dysfunc
tion, chief complaint, level of disability,
and aggravating movements. The physi
cal examination must include an assess
ment of motion, static stability testing,
muscle testing, and a neurologic assess
ment. A comprehensive understanding of
various stability testing maneuvers is
important for the clinician to appreciate.
The evaluation techniques discussed in
this paper should assist the clinician in
determining the passive stability of the
glenohumeral joint.
Reprinted with the permission of the
Journal of Orthopaedic and Sports
Physical Therapy.

Webright WG, Randolph B, Perrin
DH. Comparison of nonballistic active
knee extension in neural slump posi
tion and static stretch techniques on
hamstring flexibility. J Orthop Sports
Phys Ther. 1997;26:7-13.
Nonballistic, active range of motion
exercises have been advocated as more

effective than static stretching for in
creasing range of motion, yet no pub
lished data exist to support this claim.
This study compared the effect of nonballistic, repetitive active knee extension
movements performed in a neural slump
sitting position with static stretching
technique on hamstring flexibility. Forty
healthy, adult volunteer subjects with
limited right hamstring flexibility (ie,
minimum of 15° loss of active knee
extension measured with femur held at
40° of hip flexion) were randomly as
signed to one of three groups. Group 1
(static stretch) performed a 30-second
stretch twice daily. Group 2 (active
stretch) performed 30 repetitions of ac
tive knee extension while sitting in a
neural slump position twice daily. Group
3 served as a control. Hamstring flexibil
ity was determined by an active knee
extension test before and after 6 weeks of
stretching. Goniometric measurement of
knee joint flexion angle was obtained
from videotape recording of the active
knee extension test. A 3 (group) X 2
(test) repeated-measures analysis of vari
ance and subsequent Tukey post hoc
testing revealed no significant difference
in knee joint range of motion gains
between the static (x = 8.9°) and active
stretch (x = 10.2°). Both stretch groups'
knee joint range of motion improved
significantly (p < .05) more than the
control group. We conclude that 6 weeks
of nonballistic, repetitive active knee
extensions (30 repetitions, twice daily)
performed in a neural slump sitting po
sition improves hamstring flexibility in
uninjured subjects but is no different
compared with static stretching (30 sec
onds, twice daily).
Reprinted with the permission of the
Journal of Orthopaedic and Sports
Physical Therapy.

Lessard LA, Scudds RA, Amendola A,
Vat MD. The efficacy of cryotherapy
following arthroscopic knee surgery.
J Orthop Sports Phys Ther. 1977;26:
14-22.
Cryotherapy has historically been
used as a treatment following knee sur
gery. In the literature, there is little evi
dence of beneficial effects that support

this practice. This study examined the
effects of cryotherapy treatments on 45
subjects following minor arthroscopic
knee surgery. Subjects were randomized
to one of two treatment groups, and the
assessor remained blind to treatment
group allocation. Subjects performed a
1-week home program of either cryo
therapy and exercises or exercises alone.
One week following surgery, a statisti
cally significant difference was found
between the groups for the affective
dimension of the McGill pain question
naire, medication consumption, compli
ance, and weight-bearing status. No sig
nificant differences were found between
the groups for other outcome variables.
These results indicate that the addition of
cryotherapy to a regime of exercises
following arthroscopic knee surgery pro
duced benefits of increased compliance,
improved weight-bearing status, and
lower prescription medication consump
tion.
Reprinted with the permission of the
Journal of Orthopaedic and Sports
Physical Therapy.

Zakaria D, Harburn KI, Kramer JF.
Preferential activation of the vastus
medialis oblique, vastus lateralis, and
hip adductor muscles during isometric
exercises in females. J Orthop Sports
Phys Ther. 1997;26:23-28.
Disagreement exists as to whether the
individual components of the quadriceps
femoris can be preferentially activated,
ie, whether one muscle component can
be activated to a greater degree of its
maximum voluntary contraction ability
than the remaining components. Prefer
ential activation of the vastus medialis
(VM) might be useful in the treatment of
knee patients demonstrating VM atro
phy. The purpose of the present investi
gation was to determine if the vastus
medialis oblique (VMO), vastus lateralis
(VL), and hip adductor (HA) muscles
were preferentially activated in females
during the following maximal voluntary
isometric exercises: (1) unilateral quad
riceps setting (QS) with the ankle posi
tioned in neutral, (2) unilateral quadri
ceps setting combined with ankle
dorsiflexion (QS+D), and (3) maximal

bilateral hip adduction. Integrated electromyography (IEMG) (in mV-sec) was
determined for the VMO, VL, and HA
muscles of the preferred leg (ie, that used
to kick a ball) of 20 healthy females.
Data were normalized using QS exercise
as the reference exercise. Non-normal
ized IEMG (± SD) of the VMO and VL
was similar during OS (ie, VMO = 1050
(± 802) mV-sec, VL = 1075 (± 738)
mV'sec) and QS + D exercises (ie,
VMO = 1191 (± 738) mV-sec, VL =
1202 (± 836) mV-sec), but significantly
less than these values during hip adduc
tion exercise (ie, VMO = 174 (± 62)
mV-sec, VL = 194 (± 70) mV-sec).
Non-normalized IEMG of the HA mus
cles was similar during both QS and QS
+ D (ie, 286 (± 05) mV-sec and 195 (±
432) mV-sec), but significantly higher
than these values during hip adduction
exercise (ie, 413 (± 235) mV-sec). Nor
malized IEMG (± SD) (%) demon
strated similar patterns, ie, the ratios for
the VMO and the VL muscles did not
differ from one another under either QS
+ D (ie, VMO = 21 (± 60) %, VL =
116 (± 40) %) or hip adduction condi
tions (ie, VMO = 33 (± 24) %, VL = 36
(± 25) %). As a result, the degree of
activation of the two muscles was con
sidered the same. These results suggest
no preferential activation of the quadri
ceps femoris component muscles during
QS, QS + D, and hip adduction exer
cises in the nonweight-bearing position.
The use of hip adduction to preferen
tially activate the VMO over the VL
compared with QS exercises was not
substantiated. A mean increase of 20% in
the VMO and VL myoelectric activity
during QS (as demonstrated by the nor
malized IEMG), by the addition of dor
siflexion, may be clinically significant.
However, further study is required.
Reprinted with the permission of the
Journal of Orthopaedic and Sports
Physical Therapy.

Hardin JA, Voight ML, Blackburn
TA, Canner GC, Soffer SR. The ef
fects of "decelerated" rehabilitation
following anterior cruciate ligament
reconstruction on a hyperelastic fe
male adolescent: a case study. J Or
thop Sports Phys Ther. 1997;26:29-34.
Journal of Athletic Training
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Current concepts in postoperative an
terior cruciate ligament (ACL) recon
struction management include participa
tion in an "accelerated" rehabilitation
program. There are no published reports
examining the effects of accelerated or
conservative rehabilitation on subjects
with generalized ligamentous hyperelasticity. The purpose of this case study was
to examine the effects of a conservative
or "decelerated" rehabilitation program
on the functional outcome of a hyperelastic female adolescent athlete follow
ing ACL reconstruction. The subject was
a 15-year-old female basketball player
who sustained a unilateral ACL tear and
underwent subsequent ACL reconstruc
tion using a patellar tendon autograft.
The subject immediately began partici
pation in a "decelerated" rehabilitation
program in which the intensity and rate
of progression was decelerated, empha
sizing a prolonged period of maximum
graft protection. Progress was objec
tively quantified with a battery of diag
nosis-specific tests at scheduled inter
vals. Results at 52 weeks postoperative
revealed normal range of motion, proprioception, balance, knee stability, quadri
ceps strength, hamstring strength, and
subjective assessment values, and only a
4.0% deficit in functional scores. Our
results suggest a "decelerated" rehabili
tation program may be appropriate for
the population with generalized ligamen
tous hyperelasticity by yielding excellent
functional results without compromising
the integrity of the graft and, ultimately,
knee stability.
Reprinted with the permission of the
Journal of Orthopaedic and Sports
Physical Therapy.

Guido J Jr, Voight MI, Blackburn TA,
Kidder JD, Nord S. The effects of
chronic effusion on knee joint proprioception: a case study. J Orthop Sports
Phys Ther. 1997;25:208-212.
Knee joint effusion has been shown to
cause a reflex inhibition of the quadri
ceps musculature. However, the effect of
effusion on knee joint proprioception has
not been thoroughly investigated. This
issue is further clouded by the debate
surrounding the role of the muscle spin
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dle and joint mechanoreceptors in pro
viding afferent feedback to the central
nervous system. This case study exam
ines the effects of a chronic effusion on
knee joint proprioception. Possible sug
gestions for the results are discussed, and
areas for further study are offered.
Reprinted with the permission of the
Journal of Orthopaedic and Sports
Physical Therapy.

Hallmark MA, Reynolds TH, DeSouza
CA, Dotson CO, Anderson RA, Rogers
MA. Effects of chromium and resistive
training on muscle strength and body
composition. Med Sci Sports Exerc.
1996; 28:139-144.
Sixteen untrained males (23 ± 4 yr)
were studied to determine the effects of
chromium (Cr) supplementation (200
mg'd~') and a 12-wk resistive exercise
training program on muscle strength,
body composition, and Cr excretion. The
subjects trained 3 times per week with
two sets of 8 to 10 repetitions at 90% of
1 repetition maximum using Keiser vari
able resistance machines. Food records
were used to estimate Cr intake (36
rng-d" 1), energy intake, and the percent
kJ from protein. The resistive training
program resulted in significant increases
in total body muscular strength in both
the Cr and placebo groups (24% and
33%; p < .05). Body weight, percent
body fat, lean body mass, and skinfold
thicknesses were unchanged in either
group after resistive training. Cr excre
tion increased in the Cr group after 6
weeks of Cr supplementation (0.15 ±
0.08 vs 1.52 ± 1.26 mg-d~ 1 ;/7<.01) and
remained higher at 1 2 weeks of training
(2.03 ± 1.73). These results indicate that
Cr supplementation, in conjunction with
a progressive, resistive exercise training
program, does not promote a significant
increase in strength and lean body mass
or a significant decrease in percent body
fat. Cr supplementation results in a sig
nificant increase in Cr excretion that is
not altered by resistive training.
Reprinted with the permission of
Medicine and Science in
Sports and Exercise.
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Waller MF, Haymes EM. The effects
of heat and exercise on sweat iron loss.
Med Sci Sports Exerc. 1996;28:197203.
Arm sweat was collected from nine
male and nine female athletes sitting in a
hot environment (HR, 40°C) and exer
cising at 50% VO2max in neutral (NE,
25°C) and hot (HE, 35°C) environments
to compare sweat iron concentrations
and losses. Whole body sweat rate was
determined from weight loss at 30minute intervals for 1 hour. Sweat iron
concentration was significantly higher
during HR and NE than during HE, but
was not significantly different between
males and females. During exercise,
sweat iron concentration decreased sig
nificantly from 30 to 60 minutes. Whole
body sweat rates differed significantly
across all environments, with the highest
rate in HE and the lowest in HR. Males
lost significantly more sweat during ex
ercise than females, but the difference at
rest was not significant. Estimated whole
body iron loss was significantly greater
during exercise (NE = 0.08
mg-m" 2*" 1 , HE = 0.077 mg-nT'-rT 1 )
than rest (0.039 mg-m "-h" 1 ), and the
average iron loss was significantly
greater in males (0.09 mg-rn -h" 1 ) than
females (0.04 mg-rn "h" 1 ). Results sug
gest that the use of resting sweat iron
concentration to estimate iron loss for 1
hour of exercise in neutral environments
is accurate, but may overestimate iron
loss during exercise in hot environments
and during more prolonged exercise.
Reprinted with the permission of
Medicine and Science in
Sports and Exercise.

Engsberg JR. A new method for quan
tifying pronation in overpronating
and normal runners. Med Sci Sports
Exerc. 1996;28:299-304.
Previous studies investigating motion
of the ankle joint complex (AJC) and its
relationship to chronic long-distance
running injuries have quantified motion
relative to a neutral position. No investi
gators have examined pronation during
running relative to a total range of mo
tion of the AJC. This investigation de-

veloped a method to quantify pronation
during running from a total range of
motion of the AJC. A six degree-offreedom fixture quantified an active
range of motion of the AJC. Common
methods were used to obtain kinematic
data of the AJC from running as a
function of time. A method was devel
oped to directly relate the range-ofmotion data to the kinematic data. Four
teen overpronating and 10 normal
runners were tested. Angular variables
describing ranges of motion and maxi
mum values were determined for each
group, and an unpaired t test was used to
test for significant differences (p < .05).
Results indicated overpronators had
maximum eversion and abduction values
during running that were significantly
different from the normal runners. When
measured from a neutral position, no
clear testable hypothesis was evident to
identify runners predisposed to injury.
When measured relative to the end
ranges of motion, a clear testable hypoth
esis was apparent. This method could be
used to prospectively test the hypothesis.
Reprinted with the permission of
Medicine and Science in
Sports and Exercise.

Stacoff A, Steger J, Stussi E, Reinschmidt C. Lateral stability in side
ward cutting movements. Med Sci
Sports Exerc. 1996;28:350-358.
Sideward cutting movements occur
frequently in sports activities, such as
basketball, soccer, and tennis. These ac
tivities show a high incidence of injuries
to the lateral aspect of the ankle. Conse
quently, the lateral stability of sport
shoes seems important. The purpose of
this study was to show the effect of
different shoe sole properties (hardness,
thickness, torsional stiffness) and de
signs on the lateral stability during side
ward cutting movements. A film analysis
was conducted including 12 subjects per
forming a cutting movement barefoot
and with five different pairs of shoes
each filmed in the frontal plane. A stan
dard film analysis was conducted; for the
statistical analysis, various parameters
such as the range of motion in inversion
and the angular velocity of the rearfoot

were used. The results showed a large
difference between the barefoot and shod
conditions with respect to the lateral
stability. Two shoes performed signifi
cantly better (p < .05) than the others
with a decreased inversion movement
and less slipping inside the shoe. The
two shoes differed mainly in the shoe
sole design (hollow inner core) and the
upper (high-cut). It is concluded that
lateral stability may be improved by
altering the properties and design of the
shoe sole as well as the upper.
Reprinted with the permission of
Medicine and Science in
Sports and Exercise.

Turner PE, Raglin JS. Variability in
precompetition anxiety and perfor
mance in college track and field ath
letes. Med Sci Sports Exerc. 1996;28:
378-385.
The influence of anxiety on sport per
formance was examined using the inverted-U hypothesis and Zone of Optimal
Function (ZOF) theory. Sixty-seven col
legiate track and field athletes completed
versions of the State-Trait Anxiety In
ventory (STAI) to determine baseline
state anxiety, recalled best anxiety, and
precompetition anxiety. Precompetition
state anxiety was determined 1 hour
before competition in four meets. Three
variants of the inverted-U hypothesis
were examined: (1) task-specific anxiety,
(2) individualized median precompeti
tion anxiety, and (3) mean precompeti
tion anxiety. For ZOF, optimal anxiety
was established from anxiety scores
based on recalled best performance. Sub
jects were grouped as either inside or
outside of optimal anxiety levels accord
ing to inverted-U or ZOF criteria. Mean
group performance was determined by
transforming individual results using intra- and interindividual standards.
ANOVA revealed that subjects possess
ing optimal anxiety according to invert
ed-U criteria performed no better (p >
.05) than cases outside optimal. Subjects
with precompetition anxiety values
within their individual ZOF performed
significantly (p < .05) better than cases
with anxiety outside ZOF for all con
trasts. The largest (p < .05) performance

decrements resulted when anxiety was
within a 1 SD range above or below
ZOF. These results indicate that ZOF
theory was more efficacious than the
variants of the inverted-U hypothesis
examined.
Reprinted with the permission of
Medicine and Science in
Sports and Exercise.

Le Gallais D, Bile A, Mercier J, Paschel M, Tonellot JL, Dauverchain J.
Exercise-induced death in sickle cell
trait: role of aging, training, and deconditioning. Med Sci Sports Exerc.
1996;28:541-544.
The pathophysiological process of ex
ercise-induced death in subjects with
sickle cell trait (SCT) remains unclear.
Concerning the cause of death, authors
have suggested stressful environmental
conditions such as altitude, heat and
humidity, or abnormal patient conditions
such as deconditioning, fatigue, and dis
ease. These conditions are thought to
lead to hypoxemia, hyperlactatemia, acidosis, dehydration, hyperthermia, or ex
ercise-induced rhabdomyolysis, all of
which may initiate sickle cell crisis, dis
seminated intravascular coagulation,
myoglobinuria, and renal failure. We
report the case of a 41-yr-old, healthy,
and apparently well-conditioned subject
with SCT who died during a cross
country race under normal environmen
tal conditions in good weather (in terms
of temperature and humidity). The med
ical and athletic history of the subject
were unremarkable. We refer to an epidemiological study that reported a rela
tion between age and exercise-induced
sudden death in subjects with SCT. We
then review the pathophysiological ef
fects of aging in association with decon
ditioning and high-level training re
ported in the literature, particularly the
decrease in aerobic metabolism in deconditioned subjects, and the exerciseinduced hypoxemia in highly trained
subjects. We discuss the consequences of
deconditioning and high-level training in
subjects with SCT during exercise, and
conclude that these factors may be in
volved in the age-dependent risk of ex-
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ercise-related sudden death in subjects
with SCT.
Reprinted with the permission of
Medicine and Science in
Sports and Exercise.

Claessens AL, Lefevre J, Beunen G,
De Smet L, Veer AM. Physique as a
risk factor for ulnar variance in elite
female gymnasts. Med Sci Sports Exerc. 1996;28:560-569.
The aims of this study were: (1) to
determine ulnar variance variability of
elite female gymnasts; (2) to evaluate the
relationship between ulnar variance and
physique, maturity status, and training
characteristics of these gymnasts. All
156 skeletally immature female gym
nasts were participants at the World
Championships Artistic Gymnastics,
Rotterdam, The Netherlands, in 1987.
Chronological ages varied between 13.1
and 20.6 yr (mean = 15.4 ± 1.3 yr). A
large set of anthropometric dimensions
was taken and somatotype was deter
mined by the Heath-Carter technique.
Skeletal age was assessed by the TannerWhitehouse II method. Menarcheal sta
tus and training data were collected by
questionnaire. Ulnar variance was deter
mined according to Hafner et al. Gym
nasts differ significantly from reference
girls with respect to physique and maturational status: gymnasts were smaller
and delayed in skeletal maturity by about
1.5 years. For those who had attained
menarche, mean age at menarche was
15.1 ± 1.3 years. Ulnar variance showed
a normal distribution in the gymnasts,
ranging from -10.5 mm to +5.9 mm,
which is somewhat more positive, ie, an
ulnar overgrowth, than reference wrists.
The relationship between ulnar variance
and somatic and maturational features
suggests that female gymnasts who are
more mature and have a physique characteri/.ed as relatively tall with a high
lean body mass are at greater risk for
developing a positive ulnar variance. No
relationship between ulnar variance and
training characteristics was evident. It is
concluded that the observed positive ul
nar variance in this sample of elite fe
male gymnasts is less pronounced than
originally stated in most "case reports."
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Reprinted with the permission of
Medicine and Science in
Sports and Exercise.

Craib MW, Mitchell VA, Fields KB,
Cooper TR, Hopewell R, Morgan DW.
The association between flexibility and
running economy in sub-elite male dis
tance runners. Med Sci Sports Exerc.
1996;28:737-743.
The purpose of this study was to
examine the association between nine
measures of limb and trunk flexibility
and running economy. Within a week
prior to running economy assessment,
and after 10 minutes of jogging at 3.13
m-sec" 1 , 19 well-trained male sub-elite
distance runners underwent two com
plete sets of lower limb and trunk flexi
bility assessments. Runners then com
pleted two 10-minute running economy
assessment sessions on consecutive days
at 4.13 m-sec~' following two 30-minute
sessions of treadmill accommodation at
4.13 m-sec" 1 . Intraclass correlation co
efficients indicated that the repeated
flexibility measurements were highly re
liable (X r = 0.92 ± 0.09), as were the
two running economy appraisals (r =
0.99). Correlational analyses revealed
that dorsiflexion (r = 0.65) and standing
hip rotation (r = 0.53) were significantly
(p ^ .05) associated with the mean
aerobic demand of running, such that
runners who were less flexible on these
measures were more economical. Al
though speculative, these results suggest
that inflexibility in certain areas of the
musculoskeletal system may enhance
running economy in sub-elite male run
ners by increasing storage and return of
elastic energy and minimizing the need
for muscle-stabilizing activity.
Reprinted with the permission of
Medicine and Science in
Sports and Exercise.

Edgerton VR, Wolf SL, Levendowski
DJ, Roy RR. Theoretical basis for
patterning EMG amplitudes to assess
muscle dysfunction. Med Sci Sports
Exerc. 1996;28:744-751.
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A theoretical basis for assessing mus
cle dysfunction due to sprain/strain inju
ries is presented. We propose that muscle
tissue trauma results in an alteration in
the patterns of neural recruitment, a re
duction in the force-generating capabil
ity of the injured muscle, and/or pain
sensations. Furthermore, a lower than
normal recruitment of motoneuron pools
in the injured area can result in elevated
recruitment levels from compensating
motoneuron pools for a given motor task.
It is proposed that these changes in
motoneuron recruitment can be readily
apparent in the ratios of EMG ampli
tudes among multiple pairs of muscles
associated kinesiologically with the af
fected muscle. Chronic compensating ac
tions, such as those resulting from faulty
neural feedback of the force-lengthvelocity relationships for a stretched ten
don or muscle unit, could cause further
injuries. It is proposed that consistent
and valid measures of ratios of EMG
amplitudes between many muscle pairs
acquired for well-defined motor tasks
can be used to facilitate diagnoses and
direct treatment strategies for sprain/
strain injuries and pain.
Reprinted with the permission of
Medicine and Science in
Sports and Exercise.

Nindl BC, Friedl KE, Marchitelli LJ,
Shippee RL, Thomas CD, Patton JF.
Regional fat placement in physically
fit males and changes with weight loss.
Med Sci Sports Exerc. 1996;28:786793.
The abdomen is the principal site of
fat deposition in men, and because ab
dominal fat is readily mobilized during
exercise, the relative proportion of fat in
the abdominal site may negatively corre
late with the amount of regular physical
activity, and even with physical fitness.
This study presents data for regional
fatness in 165 fit young men (U.S. Army
Ranger candidates; initial body fat =
14.7% ± 4.7%) assessed by dual-energy
x-ray absorptiometry (DEXA), and for
relative changes occurring following a
13% weight loss produced by a 1000
kcal-d" 1 energy deficit over 8 weeks.
Fat-free mass was constant across quin-

tiles of percent body fat; only fat mass
was different (16.2 kg ± 2.2 kg and 6.0
kg ± 1.4 kg at upper and lower quintiles,
respectively). Truncal fat accounted for
about 41% of total body fat in all quin
tiles; only the proportion of fat distrib
uted to the arms was significantly higher
in the fattest quintiles of men. Among a
group of less intensely trained soldiers
with the same average fatness as the
highest quintile of Ranger students
(20%), relative fat distribution to the
trunk approached 50% of the total fat.
Following weight loss, Ranger students
lost half of the fat in all regions assessed
(legs, arms, and trunk). The only signif
icant association between regional losses
and initial fatness was a greater propor
tion of fat lost from the arms in the fattest
Rangers. These data suggest a "fit fat"
distribution in active young men in
which fat remains in the arms and legs
until extreme weight loss occurs and the
metabolically more active abdominal fat
approaches depletion.
Reprinted with the permission of
Medicine and Science in
Sports and Exercise.

Buchanan TS, Kirn AW, Lloyd DC.
Selective muscle activation following
rapid varus/valgus perturbations at
the knee. Med Sci Sports Exerc. 1996;
28:870-876.
Knee muscles are generally divided
into groups based on their function as
flexors or extensors. In this study, we
sought to determine if muscles were
selectively activated according to their
potential roles as varus or valgus stabi
lizers following rapid loads to the knee.
While subjects were supine, varus or
valgus moments were applied to the
knees of 10 human subjects using a
servomotor-driven perturbation device.
During the experiments electromyograms (EMG) were recorded from seven
muscles, four of which had medial mo
ment arms relative to the knee center and
three of which had lateral moment arms.
It was observed that, for all medial mus
cles, a statistically significant increase in
muscle activation followed valgus loads
as compared with varus loads. All lateral
muscles except the vastus lateralis

showed the opposite response (as expect
ed). These results suggest that muscles
can be reflexively activated independent
of their roles as flexors or extensors to
provide stability to the human knee dur
ing varus or valgus loads. The timing of
the reflex is consistent with that arising
from joint mechanoreceptors, although
polysynaptic stretch reflex may also be
involved.
Reprinted with the permission of
Medicine and Science in
Sports and Exercise.

Richards JG, Quigley EJ, Castagno
PW, Neeves RE. Validity and reliabil
ity of the BTE Dynatrac. Med Sci
Sports Exerc. 1996;28:913-920.
The BTE Dynatrac is an isotonic ma
chine that measures isolated joint work
and power at controlled constant loads.
The purpose of this investigation was to
(1) assess the validity of the static and
dynamic response characteristics and (2)
measure the within-tester reliability and
between-tester objectivity of the Dyna
trac. External force and position sensors
were utilized to validate the Dynatrac.
For the reliability and objectivity tests,
20 subjects each performed five power
tests and one work test for each of four
testers. Validity test results showed close
agreement between the Dynatrac's posi
tion and velocity measures and those
obtained from the external sensor. Mo
ments reported by the Dynatrac underes
timated those produced by the external
force sensor. Within-tester reliability co
efficients (ICC) for power variables av
eraged above 0.70. Between-tester ICC
for power variables were all above 0.70
except for knee extension torques col
lected at 20 Nm. Between-tester ICC for
work variables were all above 0.68, in
dicating a reasonable degree of objectiv
ity. Based on results from these tests, the
Dynatrac can be considered both reliable
and objective. The measures of lever arm
position and velocity were shown to be
valid, while moment measures consis
tently underestimated expected results.
Reprinted with the permission of
Medicine and Science in
Sports and Exercise.

Osternig LR, James CR, Bercades DT.
Eccentric knee flexor torque following
anterior cruciate ligament surgery.
Med Sci Sports Exerc. 1996;28:12291234.
The purposes of this study were to
compare eccentric knee flexor torque
and muscle activation in the limbs of
normal (NOR) subjects and in subjects
who had undergone unilateral ACL autograft surgical reconstruction (INJ) and
to assess the effect of movement speed
on EMG/torque ratios and eccentricconcentric actions. Fourteen subjects (7
NOR and 7 INJ) were tested for knee
eccentric flexor torque and EMG activity
at four isokinetic speeds (15°, 30°, 45°,
and 60°'sec~'). Results revealed that
postsurgical limbs (ACL) produced sig
nificantly less (p < .05) eccentric torque
and flexor EMG activity at 60°-sec~ 1
than uninjured (UNI) contralateral limbs.
Eccentric torque rose significantly as
speed increased from 45° to 60°asec~'
for surgical group uninjured limbs and
NOR group left and right limbs. Eccen
tric flexor torque increased with speed
for both groups and approximated equal
ity with concentric extensor torque at
600-sec^ for INJ group ACL and UNI
limbs. Concentric flexor muscle EMG/
torque ratios were 30% to 191% greater
than eccentric muscle actions across
groups and speeds. The results suggest
that ACL dysfunction may result in re
duced eccentric flexor torque at rapid
movement speeds, that eccentric flexor
torque increases with movement speed
and may have the capacity to counter
forceful extensor concentric torque, and
that eccentric muscle actions produce
less muscle activation per unit force than
concentric actions, which may reflect
reduced energy cost.
Reprinted with the permission of
Medicine and Science in
Sports and Exercise.
Shirreffs SM, Taylor AJ, Leiper JB,
Maughan RJ. Postexercise rehydration in humans: effects of volume con
sumed and drink sodium content. Med
Sci Sports Exerc. 1996;28:1260-1271.
The interaction between the volume
and composition of fluids ingested was
Journal of Athletic Training
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investigated in terms of rehydration ef
fectiveness. Twelve male volunteers, de
hydrated by 2.06% ± 0.02% (mean ±
SE) of body mass by intermittent cycle
exercise, consumed a different drink vol
ume on 4 separate weeks; six subjects
received drink L (23 mmol-L~' Na + ) in
each trial and six were given drink H (61
mmol-L ' Na *). Volumes consumed
were equivalent to 50%, 100%, 150%,
and 200% of body mass loss (trials A, B,
C, and D, respectively). Blood and urine
samples were obtained before exercise
and for 7.5 hours after exercise. Less
urine was excreted following rehydration
in trial A than in all other trials. Cumu
lative urine output (median mL) was less
in trial B (493, range, 181-731) than D
(1361, range 1014-1984), which was not
different from trial C (867, range, 2631191) in group L. In group H, the volume
excreted in trial B (260, range, 137-376)
was less than trials C (602, range 350994) and D (1001, range, 714-1425), and
the volume in trial C was less than in trial
D. These results suggest that both so
dium concentration and fluid volume
consumed interact to affect the rehydra
tion process. A drink volume greater
than sweat loss during exercise must be
ingested to restore fluid balance, but
unless the sodium content of the bever
age is sufficiently high this will merely
result in an increased urinary output.
Reprinted with the permission of
Medicine and Science in
Sports and Exercise.

Rankin JW, Ocel JV, Craft LL. Effect
of weight loss and refeeding diet com
position on anaerobic performance in
wrestlers. Med Sci Sports Exerc. 1996;
28:1292-1299.
Collegiate wrestlers (n = 12) con
sumed a formula (hypoenergy diet 118
kcal-kg" 1 , 60% carbohydrate) without
dehydration for 72 hours. For the next 5
hours, the athletes were fed either a 75%
(HC) or a 47% (MC) carbohydrate for
mula diet of 21 kcal-kg" 1 . Each wrestler
performed three anaerobic arm ergometer performance tests (TEST1, before
weight loss; TEST2, after weight loss;
TEST3, after refeeding). Blood with
drawn just before and after each test was
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analyzed for pH, bicarbonate, base ex
cess, glucose, and lactate. Both groups
had a similar significant reduction in
total work done during TEST2 (92.4% of
TEST1). Work done in TEST3 by HC
was 99.1% of TEST1 while MC did
91.5% of their initial work (p = 0.1).
Peak power was unaffected by the treat
ment. Plasma lactate significantly in
creased during the performance test from
1.72 to 21.91 mmol-L" 1 as did plasma
glucose from 4.88 to 5.25 mmol-L~'
when groups and trials were collapsed.
Lactate accumulation was diminished
during TEST2 compared with the other
tests. Although the exercise bout reduced
pH, bicarbonate, and base excess, there
was no difference in the effect by group.
In conclusion, weight loss by energy
restriction significantly reduced anaero
bic performance of wrestlers. Those on a
high-carbohydrate refeeding diet tended
to recover their performance while those
on a moderate carbohydrate diet did not.
The changes in performance were not
explained by the acid/base parameters
measured.
Reprinted with the permission of
Medicine and Science in
Sports and Exercise.

McConell G, Kloot K, Hargreaves M.
Effect of timing of carbohydrate ingestion on endurance exercise perfor
mance. Med Sci Sports Exerc. 1996;28:
1300-1304.
This study compared the effects of
carbohydrate ingestion throughout exer
cise with ingestion of an equal amount of
carbohydrate late in exercise. Eight welltrained men cycled 2 hours at 70% ± 1 %
VO2, peak, followed immediately by a
15-minute performance ride, while in
gesting either a 7% carbohydrateelectrolyte solution (CHO-7), an artifi
cially sweetened placebo (CON), or the
placebo for the first 90 minutes, then a
21% glucose solution (CHO-0/21). At
the start of the performance ride, plasma
glucose averaged 4.2 ± 0.2, 5.2 ± 0.1,
and 5.7 ± 0.2 mmol-L" 1 in CON,
CHO-7, and CHO-0/21, respectively (all
different, /; < .05). Plasma insulin levels
were similar just prior to the perfor
mance ride in CHO-7 and CHO-0/21,
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with both higher than CON. A similar
pattern was observed with respiratory
exchange ratio (RER). Work performed
during the performance ride was signif
icantly greater in CHO-7 (268 ± 8 kJ)
compared with CON (242 ± 9 kJ).
Performance in CHO-0/21 (253 ± 10
kJ), however, was not improved com
pared with CON, despite higher plasma
glucose levels and plasma insulin levels
similar to CHO-7. Seven of the eight
subjects performed best in CHO-7. In
conclusion, performance was improved,
relative to the control trial, only when
carbohydrate was ingested throughout
exercise. Carbohydrate ingestion late in
exercise did not improve performance
despite increases in plasma glucose and
insulin.
Reprinted with the permission of
Medicine and Science in
Sports and Exercise.

Mujika IJ, Chatard JC, Lacoste L,
Barale F, Geyssant A. Creatine sup
plementation does not improve sprint
performance in competitive swim
mers. Med Sci Sports Exerc. 1996; 28:
1435-1441.
This study was conducted to examine
the effects of creatine (Cr) supplementa
tion on sprint swimming performance
and energy metabolism. Twenty highly
trained swimmers (9 female, 11 male)
were tested for blood ammonia and for
blood lactate after the 25-, 50-, and
100-m performance in their best stroke
on two occasions 7 days apart. After the
first trial, subjects were evenly and ran
domly assigned to either a creatine (5 g
of creatine monohydrate 4 times per day
for 5 days) or a placebo group (same
dosage of a lactose placebo) in a doubleblind research design. No significant dif
ferences in performance times were ob
served between trials. Postexercise blood
ammonia concentration decreased in the
50- and 100-m trials in the creatine group
and in the 50-m trial in the placebo
group. The supplementation period had
no effect on postexercise blood lactate.
Therefore, creatine supplementation can
not be considered as an ergogenic aid for
sprint performance in highly trained
swimmers, although adenine nucleotide

degradation may be reduced during
sprint exercise after 5 days of creatine
ingestion.
Reprinted with the permission of
Medicine and Science in
Sports and Exercise.

Swain RA, Wilson FD, Harsha DM.
The os acromiale: another cause of
impingement. Med Sci Sports Exerc.
1996;28: 1459 -1462.
Impingement of the shoulder is a rel
atively common clinical entity. The os
acromiale anomaly is an uncommon one
(1% to 8%) but can be an important
cause of the impingement syndrome. The
most common place of nonfusion is be
tween the meso- and meta-acromion.
The key to diagnosis is a history and
physical examination compatible with
the impingement syndrome and appro
priate radiologic studies (ie, an axillary
view or profile view or computed tomographic scan if necessary). After diagno
sis, the initial treatment is conservative
with rest, ice, nonsteroidal anti-inflam
matory drugs (NSAIDs), injections of
corticosteroids in the subacromial space,
and, most importantly, an appropriate
rehabilitation program. If unsuccessful,
treatment should be planned based on the
size of the unfused fragments. Small
fragments (< 4 cm) may be removed by
either arthroscopic or open means.
Larger fragments may require an attempt
at bone grafting and fixation since their
removal may result in loss of strength of
the deltoid.
Reprinted with the permission of
Medicine and Science in
Sports and Exercise.

Eberstein A, Eberstein S. Electrical
stimulation of denervated muscle: is it
worthwhile? Med Sci Sports Exerc.
1996;28:1463-1464.
Research conducted over the past 25
years has demonstrated that muscle ac
tivity, not neurotrophic substances, is the
most important factor in the regulation of
specific physiological and biochemical
properties of muscle fibers. Application

of this knowledge has led to considerable
experimentation with chronic electrical
stimulation as a possible clinical tool for
the treatment of denervated muscles. Ev
idence accumulated from animal studies
has indicated that direct electrical stim
ulation of denervated muscles can to a
large extent substitute for innervation
and preserve or restore the normal prop
erties of the muscles. Appropriate stim
ulation parameters were critical for a
successful intervention, and the best re
sults were obtained when the stimulation
pattern resembled the firing pattern of
the normal motoneuron. Thus, fast mus
cles required intermittent, brief, highfrequency stimulation and slow muscles
needed continuous, low-frequency stim
ulation. For human denervated muscles,
critical questions still remain to be re
solved before electrical stimulation will
yield the optimum benefit. Research
must be performed in human subjects to
define the appropriate stimulation pa
rameters, the stimulation current, and the
type and placement of electrodes.
Reprinted with the permission of
Medicine and Science in
Sports and Exercise.

circumference, peak torque (PT), work
and explosive force in the open kinetic
chain (OKC), and muscle activity via
electromyographic examination. Positive
correlations were established for the
maximum force in the CKC and PT (p <
.01) and maximum force in the CKC and
the thigh circumference (p < .05). The
Lysholm score correlated with the anaer
obic threshold (p < .05) and with the
functional tests (p < .01). Further corre
lations were established between the PT
and the work (p < .05) and between the
single hop and the triple hop (p < .001).
While the maximum force of the uninvolved leg was significantly higher than
that of the involved leg (p < .01), the
forces measured at termination and at the
aerobic and anaerobic threshold (given
as percent of maximum force) were sig
nificantly higher in the involved leg (p <
.01). It seems that the oxidative potential
increases or remains constant in this
phase of rehabilitation and therefore the
intensity of strength training must be
adapted to the needs of the patient. Our
easy-to-perform method makes it possi
ble to establish an optimal intensity of
training.
Reprinted with the permission of

Petschnig R, Baron R. Assessment of
metabolic response and functional
changes after anterior cruciate liga
ment surgery. Med Sci Sports Exerc.
1997;29:3-9.
The main purpose of this study was to
investigate metabolic changes after ante
rior cruciate ligament reconstruction and
to find out whether the statements on
training intensity in the literature can
also be applied to patients in rehabilita
tion. Twenty-four male patients, 16
weeks (range: 11-21 weeks) postopera
tive, volunteered to participate in the
study. A new four-stage test with con
stant time and load increments on the leg
press in the closed kinetic chain (CKC)
was performed. Evaluative variables
were the aerobic and anaerobic thresh
old, force at exhaustion, and the maxi
mum strength. Besides the four-stage
test, the other parameters evaluated were
functional tests (one-legged single hop,
one-legged triple hop), rating scales (Lysholm, subjective feeling scale), thigh

Medicine and Science in
Sports and Exercise.

Hortobagyi T, Hill JP, Lambert NJ.
Greater cross education following
training with muscle lengthening than
shortening. Med Sci Sports Exerc.
1997; 29:107-112.
The hypothesis was tested that the
magnitude of cross education is greater
following training with muscle lengthen
ing than shortening. Changes in contralateral concentric, eccentric, and iso
metric strength and vastus lateralis and
biceps femoris surface electromyo
graphic (EMG) activity were analyzed in
groups of young men who exercised the
ipsilateral quadriceps with either eccen
tric (n = 7) or concentric (n = 8)
contractions for 36 sessions over 12
weeks. Control subjects (n = 6) did not
train. Concentric training increased con
centric strength 30% and isometric
strength 22%, and eccentric training in
creased eccentric strength 77% and isoJournal of Athletic Training
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metric strength 39% (all p < .05). Ec
centric training improved eccentric
strength three times more than the con
centric training improved concentric
strength (p < .05), and eccentric com
pared with concentric training improved
isometric strength about 2 times more
(p < .05). The eccentric group improved
significantly from pre- to mid-training in
eccentric and isometric strength (p <
.05). The control group showed no sig
nificant changes (p < .05). Surface EMG
activity of the vastus lateralis increased
2.2 times (pre-to mid-training), 2.8 (midto post-training), and 2.6 more (pre- to
post-training) (p < .05) in the eccentric
than concentric group. No significant
changes in EMG activity occurred in the
control group (p > .05). It was con
cluded that the greater cross education
following training with muscle lengthen
ing is most likely being mediated by both
afferent and efferent mechanisms that
allow previously sedentary subjects to
achieve a greater activation of the un
trained limb musculature.
Reprinted with the permission of
Medicine and Science in
Sports and Exercise.

Odland LM, MacDougall JD, Tarnopolsky MA, Elorriaga A, Borgmann A.
Effect of oral creatine supplementa
tion on muscle [PCr] and short-term
maximum power output. Med Sci
Sports Exerc. 1997;29:216-219.
Our purpose was to determine the
effect of creatine supplementation on
power output during a 30-second maxi
mal cycling (Wingate) test. Nine males
underwent three randomly ordered tests
following ingestion of a creatine supple
mentation (CRE), placebo (PLA), and
control (CON). CRE was ingested as
creatine monohydrate (Cr2H2O) dis
solved in a flavored drink (20g-d~' for 3
days), while PLA consisted of the drink
only. Tests were performed 14 days apart
on a Monarch ergometer modified for
immediate resistance loading. Needle bi
opsies were taken from the vastus late
ralis at the end of each treatment period
and before the exercise test. No differ
ence was found between conditions for
peak, mean 10-second, and mean 30274

second power output, percent fatigue, or
post-exercise blood lactate concentra
tion. Similarly, no difference between
conditions was observed for ATP, phosphocreatine (PCr), or total creatine
(TCr); however, the TCr/ATP was
higher in the CRE condition (p < .05)
than in the CON and PLA conditions.
Findings suggest that 3 days of oral Cr
supplementation does not increase rest
ing muscle PCr concentration and has no
effect on performance during a single
short-term maximal cycling task.
Reprinted with the permission of
Medicine and Science in
Sports and Exercise.

Parkin JAM, Carey MF, Martin IK,
Stojanovska L, Febbraio MA. Muscle
glycogen storage following prolonged
exercise: effect of timing of ingestion
of high glycemic index food. Med Sci
Sports Exerc.1991 ;29:220-223.
This study examined the effect of
delaying the ingestion of carbohydrate
on muscle glycogen storage following
prolonged exhaustive exercise. Six en
durance-trained men cycled on two sep
arate occasions at a workload corre
sponding to 70% VO2max for 2 hours
followed by four "all-out" 30-second
sprints. Following exercise, subjects
were fed five high glycemic index (HGI)
meals over a 24-hour period, with the
first three being fed either at 0 to 4 hours
(IT) or 2 to 6 hours (DT) at 2-hour
intervals. Muscle biopsies were taken
immediately after exercise and at 8 hours
and 24 hours postexercise and analyzed
for glycogen and glucose-6-phosphate.
Blood samples were obtained prior to
and at 30 minutes, 60 minutes, and 90
minutes after each meal and analyzed for
glucose and insulin. No differences were
observed in the incremental glucose and
insulin areas after each meal when IT
and DT were compared. In addition, no
differences were observed in muscle gly
cogen or glucose-6-phosphate any time
in the two trials. These data indicate that
delayed feeding of an HGI meal by 2
hours has no effect on the rate of muscle
glycogen resynthesis at 8 hours and 24
hours postexercise, providing that suffi
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cient carbohydrate is ingested during the
recovery period.
Reprinted with the permission of
Medicine and Science in
Sports and Exercise.

Shoemaker JK, Tiidus PM, Mader R.
Failure of manual massage to alter
limb blood flow: measures by Doppler
ultrasound. Med Sci Sports Exerc.
1997;29:610-614.
The ability of manual massage to alter
muscle blood flow through three types of
massage treatments in a small (forearm)
and a large (quadriceps) muscle mass
was tested in 10 healthy individuals. A
certified massage therapist administered
effleurage, petrissage, and tapotement
treatments to the forearm flexors (small
muscle mass) and quadriceps (large mus
cle mass) muscle groups in a counterbal
anced manner. Limb blood flow was
determined from mean blood velocity
(MBV) (pulsed Doppler) and vessel di
ameter (echo Doppler). MBV values
were obtained from the continuous data
sets prior to treatment, and at 5 seconds,
10 seconds, 20 seconds, and 5 minutes
following the onset of massage. Arterial
diameters were measured immediately
prior to and following the massage treat
ments; these values were not different
and were averaged for the blood flow
calculations. The MBV (eg, 5.77 ± 0.4
and 9.73 ± 0.7 cm-sec" 1 ) and blood
flows (39.1 ± 6.4 and 371 ± 30
mL-min ) for brachial and femoral ar
teries, respectively, were not altered by
any of the massage treatments in either
the forearm or quadriceps muscle groups
(p > .05). Mild voluntary handgrip (35%
maximal voluntary isometric contrac
tion) and knee extension (15 cm) con
tractions resulted in peak blood veloci
ties (15.2 ± 1.2 and 28.1 ± 3.1
cm-sec" 1 ) and blood flow (126 ± 19 and
1087 ± 144 mL-min" 1 ) for brachial and
femoral arteries, respectively, which
were significantly elevated from rest
(p < .05). The results indicate that man
ual massage does not elevate muscle
blood flow irrespective of massage type
or the muscle mass receiving the treat
ment. Further, the results indicate that if

an elevated muscle blood flow is the
desired therapeutic effect, then light ex
ercise would be beneficial whereas mas
sage would not.
Reprinted with the permission of
Medicine and Science in
Sports and Exercise.

Ramirez A, Schwane JA, McFarland
C, Starcher B. The effect of ultra
sound on collagen synthesis and fibroblast proliferation in vitro. Med Sci
Sports Exerc. 1997;29:326-332.
Ultrasound has been applied therapeutically to accelerate connective tissue
healing although there is little direct
scientific evidence to support its use.
This investigation was conducted to de
termine the effects of ultrasound on the

rate of collagen synthesis and cell prolif
eration using cultured fibroblasts derived
from Achilles tendons of neonatal rats.
Ultrasound (intensity = 0.4 W-cm2 ;
frequency = 1 MHz) was applied to
experimental cells growing as monolayers in culture flasks. Ultrasound had no
effect on the rate of collagen synthesis by
control fibroblasts over a period of 9
days. The addition of vitamin C to cul
ture media stimulated collagen synthesis
to the same extent in both control and
ultrasound-treated cultures. Partial diges
tion of cell matrices with collagenase
(used to simulate injury) resulted in an
approximately 20% increase in the rate
of collagen synthesis. Synthesis was fur
ther increased with ultrasound treatment
(50% to 67%). For example, after a
single ultrasound treatment, the rate of
collagen synthesis was 3.0 ± 0.4 pg-g
-!!" 1 in cultures treated with col

lagenase, compared with 1 .8 ± 0.3 pg-g
DNA^-h" 1 in collagenase-treated cul
tures not treated with ultrasound and
1.4 ± 0.3 pg-g DNA" 1 -!!" 1 in controls.
Ultrasound applied to preconfluent cul
tures resulted in significant increases in
the rate of thymidine incorporation and
DNA content. Three daily ultrasound
treatments caused a 1 00% increase in the
rate of thymidine incorporation and a
28% increase in DNA content. The re
sults indicate that ultrasound stimulates
collagen synthesis in tendon fibroblasts
in response to an injury of the connective
tissue matrix and that ultrasound stimu
lates cell division during periods of rapid
cell proliferation.
Reprinted with the permission of
Medicine & Science in
Sports and Exercise.
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Creatine and Creatine Phosphate: Sci
entific and Clinical Perspectives
Michael A. Conway and Joseph F. Clark
Academic Press, Inc, San Diego, CA
1996
242 pages
ISBN 0-12-186340-9
Price: $69.00
Creatine and Creatine Phosphate:
Scientific and Clinical Perspectives
takes an in-depth look at the function of
creatine and creatine phosphate (phosphocreatine) in muscle, cardiac, and
other tissues within the body. The use of
creatine as an ergogenic aid has gained
recent popularity in athletic competition
and, although this is not the focus, the
mechanisms on which ergogenic theories
are based are thoroughly discussed
throughout the book. Experts in various
fields contributed chapters on biochem
istry, bioenergetics, cardiology, and
pharmacology, making this book a very
credible source of information.
Any health professional with an inter
est in biochemistry or bioenergetics
should find the first section very infor
mative, since it presents a detailed inves
tigation into the basic biochemistry of
creatine and creatine phosphate, using
numerous human and animal studies to
establish scientific support. This section
consists of an in-depth explanation of the
creatine phosphate shuttle, which should
enable the reader to fully comprehend its
role in cell physiology. Also discussed in
this section are creatine transport, creat
ine kinase and its isozymes, and the
creatine kinase system. A complete un
derstanding of the phosphagen energy
system can also be gained after reading
this section; however, I would strongly
recommend a background in cell anat
omy and physiology before attempting to
read it. I feel that this section alone
makes the book an excellent supplement
to any exercise physiology course.
Health professionals with an interest
in cardiac medicine should find the re
maining sections interesting as the book
progresses to a discussion of the mecha
nisms by which creatine and creatine
phosphate act as protective and therapeu
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tic agents in cardiovascular injury or
illness. This leads to a more clinical
discussion, including the use of magnetic
resonance spectroscopy to investigate
the roles of creatine and creatine phos
phate. As in the previous section, numer
ous animal and human studies are pre
sented, establishing scientific credibility.
Once again, I would strongly recom
mend a background in anatomy and
physiology before attempting to compre
hend these sections. Furthermore, a basic
knowledge of cardiac function and dys
function will enable the reader to better
understand this information.
Although a major portion of the book
focuses on the role of creatine and crea
tine phosphate in cardiac tissue, the book
ends with an investigation into the use of
creatine supplementation to enhance ath
letic performance, as well as future di
rections for research. Throughout the
book there are numerous graphs, tables,
and illustrations that supplement the text.
To my knowledge, this is the first book
to present a scientific and clinical exam
ination of creatine and creatine phos
phate in such depth, making it an excel
lent supplement to an exercise
physiology or biochemistry course. With
valuable insight provided by the various
contributors, this book is well worth the
price of $69.00. Any health professional
with an interest in cardiac medicine,
exercise physiology, or skeletal muscle
performance will find this book ex
tremely informative. Furthermore, any
one with an interest in creatine as an
ergogenic aid will gain a valuable under
standing of its mechanism after reading
this book.

Michael E. Powers, MS, ATC, CSCS
University of Virginia
Charlottesville, VA
Sport First Aid
Melinda Flegel
Human Kinetics, Champaign, IL
1996
187 pages
ISBN 0-88011-556-4
Price: $18.95

Volume 32 • Number 3 • September 1997

This updated edition of Sport First
Aid is part of the American Sport Edu
cation Program (ASEP) series for
coaches. This text is written primarily for
coaches but may also work well for
student athletic trainers. From a first-aid
standpoint, this book is not as detailed as
other first-aid books on the market.
However, it is an excellent source of
information on the care and prevention
of athletic injuries, with a great deal of
emphasis placed on first aid. It should be
considered as a supplemental text for
care and prevention classes or as a pri
mary source for sport first-aid classes,
supplemented by other materials. The
material is presented in a very straight
forward, easy-to-understand manner.
The text is divided into three parts and
14 chapters. The parts ("Introduction to
Sport First Aid," "Basic Sport First Aid
Skills," and "Sport First Aid for Specific
Injuries") are well organized and de
scribe a systematic approach to identify
ing and treating sports injuries.
In Part I, the reader is introduced to
the team approach to sport first aid and
the coach's role as part of the team. This
section also stresses the importance of
record keeping, preparticipation exami
nations, injury care plans, and injury
prevention techniques. Part II provides
basic information on anatomy, terminol
ogy, assessment, first aid, and transpor
tation. Part III offers useful information
and specific first-aid techniques for a
variety of injuries, including respiratory
and circulatory emergencies, head and
spine injuries, internal injuries, sudden
illness, temperature-related problems,
musculoskeletal injuries, soft tissue inju
ries of the head and face, and skin
disorders. Each injury is discussed in
terms of history, signs, symptoms, pos
sible complications, playing status as a
result of injury, and prevention strate
gies.
It is helpful for the signs and symp
toms sections to be presented separately.
The "DO NOT" boxes that appear in
each section identifying contraindica
tions are also beneficial. The "recaps" at
the end of each chapter are very useful.

The illustrations are basic, but valuable.
However, I thought that the brief section
on nutritional guidance was inadequate,
distracting, and beyond the scope of
sport first aid. I also thought that the
appendices were not useful. Clearly, the
highlights of the book are the "DO NOT"
sidebars, which appear frequently, and
the information on the athlete's ability to
return to play, which is not usually pro
vided in a first-aid text.
I would specifically recommend this
entry-level text to coaches, parents, and
high school student athletic trainers. The
price is affordable and appropriate con
sidering the amount of information of
fered. This very basic text is not appro
priate for certified athletic trainers but
can be an excellent text and resource for
coaches and others interested in sport
first aid.
Douglas M. Kleiner, PhD, ATC
University of North Florida
Jacksonville, FL
Documentation for Physical Therapist
Assistants
Marianne Lukan, MA, BS, PT
FA Davis, Philadelphia, PA
1997
204 pages
ISBN: 0-8036-0187-5
Price: $21.50
Why should athletic trainers read and
work through the recently published text
Documentation for Physical Therapist
Assistants! For every health care practi
tioner, documentation of work with "ath
letes," "patients," and "clients" is an
essential task. Documentation forms the
legal record of the quality of care pro
vided and serves as a basis for outcome
studies. The work of athletic training
requires evaluation, treatment planning,
and implementation, based upon ongoing
assessment and decision making, regard
ing the physical problem presented by
the athlete. If, as a profession, we expand
the scope of practice beyond its tradi
tional contexts, those involved in review
ing the quality of our work will expand
to include the insurance industry. Future
insurance reimbursement for athletic
training services may depend upon thor
ough documentation of those services.
With Lukan's easy-to-understand pro
gressive review and practice exercise

format, this text can readily be used as a
primary source by students as a tool to
teach and train the SOAP (subjective,
objective, assessment, plan) note, as well
as other information organization and
presentation modes. Among the formats
described are the Nagi and ICIDH mod
els (International Classification of Im
pairments, Disabilities, and Handicaps),
which describe the implications of pa
thology.
Unique to this book is its historical
insight into the basis for the evolving
documentation process we have wit
nessed over the last 25 years. From the
advent of Medicare through the current
emphasis on functional outcomes, Lukan
enables the practitioner to appreciate the
need to respond to a health care climate
demanding greater accountability.
Lukan's text can be utilized readily by
both athletic trainers and students, since
it includes several sections beyond the
format Kettenbach's Writing SOAP
Notes (the text used most frequently for
teaching and refining documentation
skills) employs. Detailed legal guidelines
and rules for confidential documentation
of objective and subjective information,
as well as methods for recording incon
sistencies between them, are included.
Recommendations for quoting the pa
tient and pertinent telephone- and com
puter-based communication are pro
vided. Various pain profile approaches
are discussed, along with suggestions for
documenting patient emotion and atti
tude issues, which include, significantly,
compliance with treatment programs. In
cident report stipulations are also thor
oughly, yet concisely, covered.
Aside from providing feedback for the
chapter-ending practice exercises, the
appendices include a study guide that
can be utilized as a quick, on-site refer
ence by staff and students. Each page of
the book is perforated for such use.
Dictation guidelines are also included in
the appendices. Finally, a checklist for
peer review of documentation required
by quality assurance programs is also
provided.
Kathryn Hemsley, MEd
Temple University
Department of Orthopaedic Surgery
Fort Washington, PA

Therapeutic Exercises Using Foam
Rollers
Caroline Corning Creager, PT
Executive Physical Therapy, Inc,
Berthoud, CO
1996
244 pages
ISBN: 0-9641153-3-6
Price: $39.95
Therapeutic Exercises Using Foam
Rollers introduces the reader to foam
rollers and the many ways they can add
variety to any exercise protocol. Accord
ing to the book, the concepts behind the
use of foam rollers are to develop proprioception and enhance muscle reedu
cation and motor planning.
This text is most suited as a reference
for use by an instructor for a therapeutic
exercise lecture or laboratory or for inservice training. Therapeutic Exercises
Using Foam Rollers is too specialized to
be used as a required text in an athletic
training curriculum. However, it may be
useful in a clinical setting as a reference
for the clinician who uses foam rollers.
This instructional guide for the many
uses of foam rollers is designed to lead
the therapist or patient step-by-step
through a series of exercises. The book is
divided into four sections: principles and
concepts, breathing, case studies, and
exercises. The main focus of this text is
the six chapters devoted to exercises
using a variety of foam rollers in differ
ent anatomical positions. Each exercise
includes sections on purpose, proper
technique, special considerations, and
variations and progressions.
A secondary motive of this book is to
sell products. Several references in the
book reinforce the need to purchase dif
ferent types of foam rollers, in addition
to available courses, related materials,
and other accessories. Without the prod
ucts, this book has little adaptability in
the rehabilitative setting.
This book is easy to follow and well
illustrated. If the therapist or athletic
trainer is looking for an approach beyond
traditional exercises, this book may be
one that should be considered.
Herb Amato, DA, ATC
James Madison University
Harrisonburg, VA
Journal of Athletic Training
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Fundamentals Of Orthopedic Radiol
ogy
Lynn N. McKinnis
FA Davis Company, Philadelphia, PA
1996

453 pages
ISBN: 0-8036-0139-5
Price: $54.00
Lynn N. McKinnis's book, Funda
mentals of Orthopedic Radiology, is an
exceedingly clear, concise, and compre
hensive coverage of the material de
scribed in its title. However, the fact that
it is concise and faithful to its title may
be an advantage or a disadvantage, de
pending upon what the reader expects.
The author begins with a very nice
description of the history of radiology
and good examples of radiological prin
ciples, such as the fact that the view is a
two-dimensional representation (shad
ow) of a three-dimensional object; the
necessity of two mutually perpendicular
views to really assess an object; and the
relationship between the density of the
object and the gradations of gray on the
x-ray film itself. Without getting bogged
down in the physics and geometry of
radiology, the author still provides the
reader with an understanding of these
features and how the relationship be
tween the x-ray beam and the object
being x-rayed all affect the images seen
on the film. She then offers a helpful
introduction to orthopaedics, explaining
bone growth and development, some of
the pertinent physiology of bone (such as
WollT's law), and how these manifest
themselves on radiographic images.
In her chapter on fractures, she does a
very good job of not only describing
what fractures are, but quite nicely cov
ers key elements and terminology used
in the description of any fracture. These
descriptions are beautifully illustrated,
not only by artists' renderings, but also
by reproductions of x-rays. As much as I
abhor the use of eponyms to describe
fractures because they are often used
imprecisely or in a confusing manner
(such as calling any wrist fracture a
"Colics'" fracture), the author has pro
vided an extensive appendix of eponymic fractures, with precise defini
tions and descriptions of each one.
The book offers radiological studies
on an anatomical basis. Each area is
presented with descriptions of the differ
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ent radiological techniques pertinent to
the area, followed by, again, artists' ren
derings demonstrating the radiographic
anatomy and findings. While an exhaus
tive description of the pathological pro
cesses in each anatomical area is not
provided, the author covers the important
or common pathological findings, not
only x-ray presentations, but also a good,
basic understanding of the pathological
processes and their effect on the patient.
Each chapter is equipped with a valuable
summary of key points and a useful
self-help test.
This comprehensive text can easily
stand alone as a primary source. I believe
it would be quite appropriate for every
one from athletic training students
through physical therapy students, radi
ology technology students, medical stu
dents, and residents in primary care med
ical specialties. If one is looking for a
true reference text on radiographic ab
normalities, then one would do better to
consult one of the more traditional radiographic atlases. However, in all fairness,
that is above and beyond the intent of
this textbook.
Fundamentals of Orthopedic Radiol
ogy seems to "cut right to the chase,"
offering information needed by nonradiologists without forcing them to sift
through the voluminous data in texts
geared more toward radiologists. It is an
excellent text for educators to use in their
curricula, as an adjunct to another text, or
for individual use as a self-study guide.

Lynn M. Lindaman, MD, FACS, ATC
Iowa Orthopaedic Center
Des Moines, IA
Designing Resistance Training Pro
grams
Steven J. Fleck and William J. Kraemer
Human Kinetics, Champaign, IL
1997
2nd Edition
288 pages
ISBN: 0-87322-508-2
Price: $38.00
The second edition of Fleck and Krae
mer' s book, Designing Resistance Train
ing Programs, examines the many as
pects of resistance training, including
current research. The material is pre
sented in a systematic way, introducing
the reader to more general principles and
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then progressing to specific areas of
resistance training.
The information in this text is pre
sented in a clear and readable manner.
The current research offers new findings
on resistance training and physical con
ditioning. This new edition also contains
more discussions, tables, and figures that
accompany the research, improving clar
ity and comprehension for the reader.
Part I focuses on the foundations of
resistance training, which include princi
ples of resistance training and exercise
prescription, types of strength training,
muscle physiology, and other fitness
components, particularly endurance and
flexibility training. The emphasis in Part
II is on resistance training as it relates to
exercise prescription, focusing on indi
vidualized exercise prescriptions, resis
tance training systems, adaptations, and
detraining. Part III concentrates on resis
tance training for certain populations,
such as women and children. Unlike the
first edition, the second edition features
resistance training programs for seniors,
which include current information on
age-related loss of muscular strength and
power, as well as the mechanisms and
adaptations associated with resistance
training. This book compares favorably
with similar materials, although it fo
cuses in an authoritative and comprehen
sive manner primarily on the design of
resistance training programs.
We feel that this text contributes sig
nificantly to the field. However, we
strongly recommend one critical addition
to the next edition: a discussion regard
ing the various methods of determining
the one-repetition maximum (the 1RM).
Certainly, the need to modify programs
based on different percentages of the
1RM is discussed at length; however, the
actual method(s) to determine this was
not found. The third edition should (1)
explain how the 1RM is determined and
(2) provide alternative, convenient, and
safer methods to determine the 1RM
(even if these are estimates). Then every
one, including the elite athlete, will have
a safe alternative to use if they so desire.
In conclusion, we feel that this book is
an excellent text but will become truly
outstanding if the above consideration is
addressed in the next edition. It will be
an excellent textbook for an undergrad
uate class on resistance training prescrip-

tions and a supplement for an exercise
prescriptions class. It will also serve as
an important reference not only for edu
cators, but also for athletic trainers, ex
ercise physiologists, and other profes
sionals in exercise science. At $38.00,
this is a small price to pay for the
valuable knowledge and current infor
mation conveyed by these authors in this
second edition. For those wanting to
learn how to design resistance training
programs and exercise prescriptions, this
book serves as an indispensable source.
Rachel Wolper, BS, and Christine
.H
Stopka, PhD, ATC, CSCS
_ , ,,
University of Florida
,,,.;:-.'.,,,.
Gainesville, FL
Play Hard, Eat Right: A Parent's Guide
to Sports Nutrition for Children
Debbie Sowell Jennings, MS, RD, and
Suzanne Nelson Steen, DSc, RD
Chronimed Publishing, Minneapolis, MN
1995

152 pages
ISBN: 1-56561-063-6
Price: $10.95
This handy paperback reference pro
vides a no-nonsense framework for indi
viduals interested in the nutritional needs
of active children. In addition to athletic
trainers, coaches and parents (the target
audience noted in the title) will benefit
from this text.
The book provides an adequate expla
nation of the function of each nutrient
group and then gives guidelines for ap
propriate intake and sources of the nutri
ent. Common questions regarding nutri
ent groups are addressed clearly.
In addition to the nutrient information,
athletic competition concerns are ad
dressed. Attention is given to pre- and
postevent meals, all-day events, and
choices to make when eating out.
The topic of weight control, both loss
and gain, is covered well. Concerns re

garding eating habits, such as watching
television while eating and using food
for reward or punishment, receive excel
lent coverage. Discussion of eating dis
orders is succinct and appropriate.
There are several illustrations and di
agrams that emphasize key points.
Charts are included to assist in analyzing
nutritional intake.
This text reads smoothly and would be
useful to entry-level athletic training stu
dents and as a review for more experi
enced athletic trainers and coaches. The
book would fit well as a supplement for
a sports nutrition course. Although it is
geared toward the nutritional needs of
active children ages 6 to 12 years and
makes recommendations for them, the
foundation material is pertinent for all
ages. It is an excellent reference book.
Alice McLaine, MS, ATC
California State University
Northridge, CA
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Adhesive Strapping in Sports for Ankles
Roland LaRue, MA, PT, ATC
Behind the Scenes Videos
Lincoln, NE
1996
65 minutes

Price: $24.95
This video is presented in two sec
tions, with the first section presented as a
lecture, taking advantage of anatomical
drawings and a skeletal model of the
foot. Mr. LaRue begins by stressing pre
vention and care of injuries and de
scribes how taping can be used as a
preventive measure, as well as a treat
ment procedure following injury. He
provides a quick overview of ankle tap
ing procedures, using a skeletal model of

the foot, and presents pertinent clinical
anatomy and ranges of motion.
The second portion of the video takes
place in a laboratory setting in which Mr.
LaRue describes and demonstrates the
following taping procedures: Heppenstall, Mann Regular, and Gibney as pro
phylactic measures; the Modified Gib
ney, Mann Inside, and Mann Outside for
injured ankles; and two sport-specific
taping procedures, one specific to bas
ketball and the Husker procedure. Fol
lowing each presentation of taping skills,
written step-by-step instructions are
shown on the video screen. Mr. LaRue
clearly displays exceptional taping skills;
however, the intended audience is un
clear. For individuals with no previous

taping experience, the procedures are
performed much too quickly for this to
be used as an instructional video. Certi
fied athletic trainers may learn a few
techniques that they had not previously
been exposed to and, thus, may learn a
new approach to treating the most com
mon injury in sports. The video, how
ever, appears to be directed at a popula
tion of individuals with little or no
experience in dealing with ankle injuries
and with a limited opportunity to learn
first-hand from a certified athletic
trainer.
Julie N. Bernier, EdD, ATC
Plymouth State College
Plymouth, NH

Go Site-Seeing!
The Journal of Athletic Training has established a home page on
the Internet, designed to work when you work.
Just call up:

http://www.nata.org/jat
The JAT site provides:
• Authors' Guide
• Helpful hints for writers
• Subscriber information
• General information
• Table of contents for past and present issues
. . . and much more!
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New from Biodex, the MultiJoint System 3
Available in two configurations, the
PRO and QUICK-SET, the Multi-Joint
System 3 can be used to treat postoper
ative to fully functioning patients. It
offers isokinetic, passive, isometric, isotonic, and reactive eccentric modes for
exercise and testing. Its speed ranges
from 0 to 500 degrees/second and torque
ranges from 0 to 500 ft-lbs. New capa
bilities include specific modes for con
centric/eccentric testing and training in
isokinetic and isotonic modes. Both the
Biodex PRO and QUICK-SET configu
rations feature Biodex Advantage Soft
ware for Windows 95. Windows 95 flex
ibility and innovative Action Video
Inserts make protocol selection and pa
tient setups easier. The wide variety of
printed output reports present numeric
and graphic information compared with
normative data, providing third-party
payers and referring physicians with ob
jective information that is complete but
not overwhelming.

Aerofit Crutch Introduced

For more information call 1-800237-8254.

Hartwell Medical Introduces the
CombiCarrier™
The new CombiCarrier™ from Hartwell Medical is the first combination
backboard/split litter device that pro
vides improved patient handling for al
most all emergency situations. The Com
biCarrier can separate in half, enabling
easy transfer of the patient onto the
device with a minimum of movement.
The concave, seamless plastic surface is
more comfortable, more secure, and eas
ier to clean than traditional metal split
litters.

The Aerofit folding underarm crutch,
by The Second Power, Inc, is designed to
improve axillary crutch comfort and con
venience. Historically, crutch users have
complained of underarm discomfort
caused by the inadequate shape of the
axillary support. The Aerofit' s patented
axillary support is designed to nestle
comfortably under the user's arms while
distributing the potentially painful forces
over a broad surface that is contoured to
match the torso. Both long- and shortterm crutch users have claimed, "The
Aerofit is remarkably more comfortable
than the traditional wood or aluminum
crutches." Distinguishing features of the
Aerofit include its single-shaft design,
light weight (25% less than conventional
aluminum crutches), quick adjustment,
and colorful, ergonomically shaped han
dle and axillary supports. The Aerofit is
listed at $79.95 for the standard model
and $99.99 for the folding model.

Aerofit
Folding Axillary Crutch

For more information call 1-800401-2333.

McDavid Power Series
Compression Products

For more information call 1-800224-6339.

McDavid Carpal Tunnel Wrist
Support
McDavid Sports Medical Products has
added the new No. 454 Carpal Tunnel
Wrist Support. It is made of a thermal
neoprene wrap with VELCRO® closures
and has an easily removable splint for
superior support and comfort.

For more information call 1-800633-5900.

McDavid Sports Medical Products in
troduces a complete line of compression
apparel with Lycra® Power by DuPont.
The No. 700 Power Series Compression
Products are revolutionary athletic gar
ments that can enhance a player's level
of performance by an average of 12%.
Following 5 years of extensive research,
the Penn State Sports Medicine Center
has demonstrated that wearing Lycra
Power garments improves force and
Journal of Athletic Training
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power production (research report avail
able by contacting McDavid Sports
Medical Products). Muscle vibration is
thought to be significantly reduced,
which lessens muscle fatigue. Lycra
Power garments are certified by DuPont
to have exact levels of stretch and com
pression, which optimi/es performance
and ensures superior comfort and fit. The
McDavid Power Series Compression
line consists of shorts, sliding shorts,
girdles, pants, and tops, which are avail
able in unisex sizing to fit men, women,
and children. Also available are tops and
shorts designed specifically for women.
For more information call 1-800237-8254.
The Saunders Group Introduces
Redesigned Sacroiliac Belts and
Pads

PCL instabilities. Since 1978, the singlesided (lateral) AKS (Anderson Knee Sta
bilizer*) has played a significant role in
protecting against knee injuries resulting
from lateral blows, the most frequent
causes of contact knee injuries. Now this
patented design concept has been ex
panded to give both medial and lateral
protection and stability. The device is
incorporated into a full-length neoprene
sleeve with two femoral and two tibial
circumferential control straps. The prox
imal tibial strap also incorporates the
unique OMNI PTB (Pre-Tibial Buttress)
for improved tibial restraint and control.
This AKS Bi-Lateral was specifically
developed to fill the need for a fullcontact brace where a more involved
OMNI Functional Brace is not indicated.

The Saunders Group, Inc has com
pletely redesigned their sacroiliac (SI)
belts and pads to provide greater stabili/ation and to prevent riding up with
patient activity. The SI Belt conforms to
the natural contours of the pelvis, which
is especially important for women. The
nonslip belt stays in place below the
anterior superior iliac spine and across
the posterior superior iliac spine, even
with activity. A newly designed stabili
zation pad fits between the sacral sulci
and provides firm, comfortable support
and proprioceptive input to the sacral
area. A one-step adjustment and com
fortable, plush feel provide for ease of
use and improved patient compliance.
The belts can be used with or without
stabilization pads and are available in
both regular and maternity designs. The
maternity design features a contoured
elastic panel in front to accommodate the
baby's growth, yet still provide firm,
comfortable support.
For more information call 1-800456-1289.
OMNI Introduces the AKS BiLateral Knee Brace
The AKS Bi-Lateral knee brace is
designed to provide both medial and
lateral impact protection, stability, and
control for MCL and LCL ligament in
stabilities/deficiencies or mild ACL or
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Defeat Tennis Elbow with
Bauerfeind's EpiPoint
EpiPoint is the first elbow clasp that is
anatomically designed to provide tar
geted therapy to the muscles and tendons
of the elbow. EpiPoint incorporates a
silicone insert that massages the injured
region through movement and muscular
activity. An oblong, knobbed viscoelastic insert is contoured to provide targeted
intermittent compression to the lateral
insertion point, thus relieving pain. A
flexible metal bar is incorporated to the
EpiPoint to help the product retain its
shape. The insert is attached to the strap
with a pivoting plastic rivet that can be
adjusted to treat either the right or left
elbow. The adjustable strap attaches
through a D-ring and has a hook-andloop closure. To ensure proper and com
fortable compression, the D-ring is at
tached to the support by a regulating
elastic piece that displays a red signal
strip when the support has been fastened
too tightly. Lightweight construction and
comfortable fit provide for complete
freedom of movement. EpiPoint is indi
cated for lateral epicondylitis, tendomyopathy, or any other overuse syndromes
of the elbow. In addition to EpiPoint,
Bauerfeind also offers Epitrain, Comprifix Elbow, and ACT Elbow Supports.

For more information call 1-800423-3405.

For more information call 1-800448-6664.
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script (including tables and figures) to: Journal of Ath
letic Training Submissions, Hughston Sports Medicine
Foundation, Inc.; 6262 Veterans Parkway; PO Box 9517;
Columbus, GA 31908. The term figure refers to items
that are not editable, either halftones (photographs) or
line art (charts, graphs, tracings, schematic drawings), or
combinations of the two. A table is an editable item that
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All manuscripts must be accompanied by a letter signed
by each author and must contain the following state
ments: "This manuscript I) contains original unpublished
material that has been submitted solely to the Journal of
Athletic Training, 2) is not under simultaneous review by
any other publication, and 3) will not be submitted
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that such work is published by the NATA. Further, I
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nied by such a letter will not be reviewed. Accepted
manuscripts become the property of the NATA. Authors
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should be included whenever possible. The complete
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If individual authors were the recipients of funds, their
names should be listed parenthetically.
Authors must specify whether they have any commercial
or proprietary interest in any device, equipment, instru
ment, or drug that is the subject of the article in question.
Authors must also reveal if they have any financial
interest (as a consultant, reviewer, or evaluator) in a drug
or device described in the article.
Signed releases are required to verify permission for the
Journal of Athletic Training 1) to reproduce materials
taken from other sources, including text, figures, or
tables; 2) to repnxlucc photographs of individuals; and 3)
to publish a Case Report. A Case Report cannot be
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obtained from the Editorial Office and from the JAT web
page, or authors may use their own forms.
The Journal of Athletic Training uses a double blind
review process. Authors should not be identified in any
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Manuscripts arc edited to improve the effectiveness of
communication between author and readers and to aid
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the style policies found in the AMA Manual of Style, 8th
ed. (Williams & Wilkins), 1989. Page proofs arc sent to
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separate page:
a. Title page
b. Acknowledgments
c. Abstract and Key Words (first numbered page)
d. Text (body of manuscript)
e. References
f. Tables (each on a separate page)
g. Legends to figures
h. Figures
Begin numbering the pages of your manuscript with the
abstract page as #1; then, consecutively number all
successive pages.
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rather than radians. Examples include mass in kilograms
(kg), height in centimeters (cm), velocity in meters per
second (nrsec~' or m/sec), angular velocity in degrees
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factor in an article, the name of the disability should be
included in the title. If a technique is the principal reason
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appear.
The title page should also include the name, title, and
affiliation of each author, and the name, address, phone
number, fax number, and E-mail address of the author to
whom correspondence is to be directed.
A structured abstract of 75 to 200 words must accom
pany all manuscripts. Type the complete title (but not the
authors' names) at the top, skip two lines, and begin the
abstract. Items that are needed differ by type of article
and should include: Literature Review: Objective, Data
Sources, Data Synthesis, Conclusions/Recommenda
tions, and Key Words; Original Research articles:
Objective, Design and Setting, Subjects, Measurements,
Results, Conclusions, and Key Words; Case Reports:
Objective, Background, Differential Diagnosis, Treat
ment, Uniqueness, Conclusions, and Key Words; Clini
cal Techniques: Objective, Background, Description,
Clinical Advantages, and Key Words. For the Key
Words entry, use three to five words that do not appear in
the title.
Begin the text of the manuscript with an introductory
paragraph or two in which the purpose or hypothesis of
the article is clearly stated and developed. Tell why the
study needed to be done or the article written and end
with a statement of the problem (or controversy). High
lights of the most prominent works of others as related to
your subject are often appropriate for the introduction,
but a detailed review of the literature should be reserved
for the discussion section. In a one- to two-paragraph
review of the literature, identify and develop the magni
tude and significance of the controversy, pointing out
differences among others' results, conclusions, and/or
opinions. The introduction is not the place for great
detail; state the facts in brief specific statements and
reference them. The detail belongs in the discussion.
Also, an overview of the manuscript is part of the
abstract, not the introduction. The active voice is pre
ferred. For examples, consult the AMA Manual of Style.
The body or main part of the manuscript varies according
to the type of article (examples follow); however, the
body should include a discussion section in which the
importance of the material presented is discussed and
related to other pertinent literature. Liberal use of head
ings and subheadings, charts, graphs, and figures is
recommended.
a. The body of an Original Research article consists of
a methods section, a presentation of the results, and a
discussion of the results. The methods section should
contain sufficient detail concerning the methods,
procedures, and apparatus employed so that others
can reproduce the results. The results should be
summarized using descriptive and inferential statis
tics and a few well-planned and carefully constructed
illustrations.
b. The body of a Literature Review article should be
organized into subsections in which related thoughts
of others arc presented, summarized, and referenced.
Each subsection should have a heading and brief
summary, possibly one sentence. Sections must be
arranged so that they progressively focus on the
problem or question posed in the introduction.
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c. The body of a Case Report should include the
following components: personal data (age, sex, race,
marital status, and occupation when relevant—but
not name), chief complaint, history of present com
plaint (including symptoms), results of physical ex
amination (example: "Physical findings relevant to
the rehabilitation program were . . ."), medical
history (surgery, laboratory results, exam, etc), diag
nosis, treatment and clinical course (rehabilitation
until and after return to competition), criteria for
return to competition, and deviation from expecta
tions (what makes this case unique).
d. The body of a Clinical Techniques article should
include both the how and why of the technique: a
step-by-step explanation of how to perform the tech
nique, supplemented by photographs or illustrations,
and an explanation of why the technique should be
used. The discussion concerning the why of the
technique should review similar techniques, point out
how the new technique differs, and explain the
advantages and disadvantages of the technique in
comparison with other techniques.
The manuscript should not have a separate summary
section—the abstract serves as a summary. It is appro
priate, however, to tie the article together with a sum
mary paragraph or list of conclusions at the end of the
discussion section.
References should be numbered consecutively, using
superscripted arable numerals, in the order in which they
are cited in the text. References should be used liberally.
It is unethical to present others' ideas as your own. Also,
use references so that readers who desire further infor
mation on the topic can benefit from your scholarship.
References to articles or books, published or accepted for
publication, or to papers presented at professional meet
ings are listed in numerical order at the end of the
manuscript. Journal title abbreviations conform to Index
Medicus style. Examples of references are illustrated
below. See the AMA. Manual of Style for other examples.
Journals:
1. van Dyke JR HI, Von Trapp JT Jr, Smith BC Sr.
Arthroscopic management of postoperative arthrofibrosis of the knee joint: indication, technique, and
results. J Bone Joint Surg Br. 1995;19:517-525.
2. Council on Scientific Affairs. Scientific issues in drug
testing. JAMA 1987;257:3110-3114.
Books:
1. Fischer DH, Jones RT. Growing Old in America. New
York, NY: Oxford University Press Inc; 1977:210216.
2. Spencer JT, Brown QC. Immunology of influenza. In:
Kilbourne ED, Gray JB, eds. The Influenza Viruses
and Influenza. 3rd ed. Orlando, FL: Academic Press
Inc; 1975:373-393.
Presentations:
1. Stone JA. Swiss ball rehabilitation exercises. Pre
sented at the 47th Annual Meeting and Clinical
Symposia of the National Athletic Trainers' Associa
tion; June 12, 1996; Orlando, FL.
Table Style: 1) Title is bold; body and column headings are
roman type; 2) units are set above rules in parentheses; 3)
numbers are aligned in columns by decimal; 4) footnotes are
indicated by symbols (order of symbols: *, t, t, §, ||, 1); 5)
capitalize the first letter of each major word in tides; for each
column or row entry, capitalize the first word only. See a
current issue of the Journal for examples.
All black and white line art should be submitted in
camera-ready form. Line art should be of good quality;
should be clearly presented on white paper with black
ink, sans serif typeface, and no box; and should be
printed on a laser printer—no dot matrix. Figures that
require reduction for publication must remain readable at
their final size (either one column or two columns wide).
Photographs should be glossy black and white prints. Do
not use paper clips, write on photographs, or attach
photographs to sheets of paper. On the reverse of each
figure attach a write-on label with the figure number,
name of the author, and an arrow indicating the top.
(Note: Prepare the label before affixing it to the figure.)
Authors should submit one original of each figure and
five copies for review.
Authors must request color reproduction in a cover letter
with the submitted manuscript. Authors will be notified
of the additional cost of color reproduction and must
confirm acceptance of the charges in writing.
Legends to figures are numbered with Arabic numerals
in order of appearance in the text. Legends should be
printed on separate pages at the end of the manuscript.

20th Annual NATA Student Writing Contest
In an effort to promote scholarship among young athletic trainers, the National Athletic Trainers' Association,
Inc. sponsors an annual writing contest.
1. The contest is open to all undergraduate members of the NATA.
2. Papers must be on a topic germane to the profession of athletic training and can be case reports, literature
reviews, experimental reports, analysis of training room techniques, etc.
3. Entries must not have been published, nor be under consideration for publication by any journal.
4. The winning entrant will receive a cash award and the paper will be published in the Journal of Athletic Training
with recognition as the winning entry in the Annual NATA Student Writing Contest. One or more other entries
may be given honorable mention status.
5. Entries must be written in Journal manuscript form and adhere to all regulations set forth in the "Authors'
Guide" of the Journal of Athletic Training. We suggest that, before starting, you read: Knight KL. Tips for
scientific/medical writers. J AM Train. 1990;25:47-50. NOTE: A reprint of this article, along with other helpful
hints, can be obtained by writing to the Writing Contest Committee Chairman at the address below.
6. Entries must be received by March 1, 1996. Announcement of the winner will be made at the Annual Meeting
and Clinical Symposium in June.
7. The Writing Contest Committee reserves the right to make no awards if, in their opinion, none of the entries is
of sufficient quality to merit recognition.
8. An original and two copies of the paper must be received at the following address by March 1, 1996.
NATA Student Writing Contest
Deloss Brubaker, EdD, ATC
Life College
1269 Barclay Circle
Marietta, GA 30060

Journal of Athletic Training CEU Quiz Has Moved
to the NATA News
Beginning with the March 1997 issue (Volume 32, No. 1), the CEU quizzes for the Journal of
Athletic Training moved to the NATA News. Please follow this schedule:
Articles in this issue of
Journal of Athletic Training

Quiz in this issue of
NATA News

March (Vol. 32, No. 1)
June (Vol. 32, No. 2)
September (Vol. 32, No. 3)
December (Vol. 32, No. 4)

April 1997
June 1997
October 1997
January 1998

Details about the new procedures for the CEU quiz can be found on pages 35 to 37 of the
April 1997 issue of the NATA News.
The CEU Quiz is also posted on NATA's Fax-On-Demand Service. To access Fax-OnDemand, just dial toll-free 1-888-ASK-NATA or 214-353-6130 from a touch-tone phone.
Follow the automated instructions and ask for Document #112.
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