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Editorial
Kenneth L. Knight, PhD, ATC,
Editor-in-Chief

Removing Football Helmet Face Masks
LealrPutman's tip from the field in
the last issue of the Journal has excited
some people. She shared a new idea for
removing football helmet face masks in
an emergency. Three people have written
to express their agreement with Putman
that removing face masks is not as easy as
most assume, and to offer alternative suggestions. (See letters to the editor, pp.
198-199.)
One letter writer (Clover) shared his
conviction that every athletic trainer should
be able to remove a helmet face mask in 30
seconds or less, and that this skill should
be included as part of the oral/practical
section of the certification examination.
Not a bad idea.
The Board of Certification recently
suggested that every athletic trainer should
recertify in CPR each year, and has
changed the CEU program so that all
certified athletic trainers must keep their
CPR skills current. We have a moral and
legal obligation to keep our life-saving
skills sharp. But the greatest CPR tech-

nician is of no value to a nonbreathing
football player if the technician cannot
get to the football player's mouth to
administer rescue breathing. My purpose for these comments, however, is
not to lobby for changing the certification exam. My intent is to point to a
higher law than the certification exam.
Every athletic trainer who is covering football has a moral obligation to
know that he or she can remove the face
mask quickly enough to apply CPR when
needed, whether or not the Board of Certification decides to make it a part of the
oral/practical examination. And that knowledge should come from actual timed practice on the specific face masks his or her
football team is using.
Every year, after the newly reconditioned helmets are returned, you should
practice on them. For instance, this year,
Indiana State's helmets came back from
the reconditioner with new face mask attachments; they had double clips rather
than single ones like in the past. And the
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second clip was of much harder plastic
than the older ones that were underneath
them. Paul Schiess, our football athletic
trainer, who was competent a year ago,
had to find a new tool for this year's
helmets. (See his suggestion in the letters
section.) Another letter from DesireeBaker,
a student athletic trainer, told about a special tool needed to remove the face mask
hardware on her high school's helmets.
Athletic training educational programs
must ensure that their students actually
practice taking off face masks; telling them
how to do it is not enough. The cost of clips
is less than $1 per helmet; a small investment for this vital skill.
Now, the number of deaths among
football players from lack of breathing is
extremely small. But one death is too
many, especially if it could have been
avoided.
Practice taking off football helmet
face masks in 30 seconds or less. Do it
because it is the right thing to do; because
it may help you to save a life.
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Letters to the Editor
Removing Football Face Masks
I enjoyed the article by Leah A.
Putman, "Alternative Methods for Football Helmet Face Mask Removal" (JAT,
1992; 27: 170-172).
I have some comments regarding
the article. (1) The electric screwdriver
is a good idea if the backs are not rusted,
just as the article stated. (2) The wire
cutter "might" work okay. (3) The bolt
cutters are too slow. (4) Trainers' scissors don't work. (4) Paramedic scissors
don't work. (5) Scalpels don't work. (6)
I spoke with one athletic trainer who said
he used a small torch and melted the side
attachments off.
The certified athletic trainer is evaluated and timed on the taping of an ankle.
The skill of taking the face mask off a
helmet also should be evaluated, timed,
and included as part of the exam. This
procedure should be practiced and evaluated with the same importance as the
ankle taping.
When providing safety equipment for
the players, procedures must be set up and
practiced to remove it. If your team has
more than one type of helmet face mask
attachment, a procedure and practice must
be established for each. If you are not
comfortably able to get to the airway within
30 seconds, those attachments or the face
mask should not be used.
There is no question that a standard of
care in removing face masks should be
established and that testing should be added
to the certified athletic trainer exam.
Jim Clover, MEd, ATC
The S.P.O.R.T. Clinic
Riverside, CA
Recently I read the article by Leah
A. Putman (JAT, 1992; 27: 170-172),
and I felt that it was a very informative
article. Irealize that my credentials aren't
exactly what you would consider to be
important, but I felt that I must comment
on a portion of the article. The author is
correct in the information concerning
face mask removal except for one vital
point. In some schools, it is common
practice to use a rectangular-shaped
washer/bolt to hold the helmet screws in
place. In fact, the helmets my high school
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received were assembled in that manner.
I do not know if this is the practice in the
United States and other countries, but it
is vital to know that if you do not have a
special wrench to hold the washer in
place for removal, the screw will simply
spin in the hole. The screw will not come
out, therefore the face mask cannot be
removed. When an athlete is unconscious
and needs emergency care, this excess
time could prove damaging or even fatal.
I suggest that every athletic trainer be
familiar with the removal procedures for
their school helmets. Therefore, they can
safely determine the fastest, safest way
of face mask removal in an emergency
situation.
Desiree A. Baker
Student Athletic Trainer
Tustin, CA
I agree with Putman (JAT, 1992; 27:
170-172) that it is extremely important
to be able to remove the face mask from
an injured football player as quickly and
safely as possible. At my institution, we
have tried using many of the devices
listed in the article without much success. The problem with using scalpels or
other sharp instruments is the possibility
of excessive movement in the cervical
spine area if the athletic trainer slips
while cutting through the clip. The screwdriver also becomes useless when the
screws are subjected to sweat and rain.
They rust solid so that the equipment
managers often resort to a hammer and
chisel to remove them.
Another problem arose when our helmets were returned from the reconditioning manufacturer with an extra, very hard
plastic clip over the traditional rubber plastic
clip. We tried to remove the face mask
with the previously mentioned methods
with no success. In fact, the disposable
scalpel broke during the demonstration.
I have found a tool, however, that
works better than any device I have tried,
an Anvil Pruner that can be purchased at
Sears for less than $10. It has a springloaded handle, and so is very easy to
squeeze in order to cut through both
clips at the same time without cervical
spine movement.
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I bring this to your attention not to
promote any company or device, but to
share with other athletic trainers an alternative device to help our athletes in
the event that a life-threatening situation
occurs.
Paul K. Schiess, MS, ATC
Head Athletic Trainer
Indiana State University
Terre Haute, IN

Ohio AT Licensure
This letter is sent to you regarding
the article, "An Overview of Selected
State Licensure Athletic Training Laws"
(JAT, 1992; 27: 162-169).
In the section entitled "Location of
Employment" on page 162, the last sentence reads "Ohio (25) also places the
athletic trainer under the direct supervision of a physical therapist." This statement is incorrect. The Ohio revised code
does not require athletic trainers to be
supervised to practice athletic training.
Athletic trainers perform athletic training services upon the referral of a physician, chiropractor, dentist, podiatrist, or
physical therapist. Once the referral is
received, services (evaluation, treatment)
are performed by the athletic trainer and
supervision is not required.
It would be greatly appreciated if
this clarification is printed in an upcoming issue of the Journal ofAthletic Train
ing. If you have questions regarding this
matter, please feel free to contact the
board office.
Rachel A. Mall or y
Executive Director
Ohio Occupational Therapy, Physical
Therapy, and Athletic Trainers Board
Athletic Trainers Section
Columbus, Ohio

Texas AT Certification
I am writing to express my concern
about an issue raised in the article, "An
Overview of Selected State Licensure:
Athletic Training Laws," by Gary Morin
(JAT, 1992; 27: 162-169) and was profoundly shocked to learn that the only
state in the nation that does not recognize
the NATA Certification Examination as

criteriafor licensure is Texas the state in
which our organization is headquartered.
This fact is more than a simple irony,
it is a glaring statement on the NATA's
sense of values or lack thereof. It is of
paramount importance that we, as NATA
members, address this issue. I urge the
NATA and its executive board to take
action to rectify this situation. As our
profession still struggles to gain acceptance on a daily basis and push for even
higher standards, we need the state of
Texas our headquarter's state to be in
compliance with NATA policies.
We need to use the influence of our
membership to make Texas legislators,
educators, and athletic training professionals aware of the problem. It is difficult
to believe that they would be willing to
accept lower standards for their state.
In closing, I would once again like to
reiterate that this is an important issue. It
requires all our efforts to rectify. If Texas
cannot be made to accept the NATA standards, we should consider relocating our
national headquarters.
Jennifer A. Moshak, MS, ATC
Head Women's Athletic Trainer
University of Tennessee
Knoxville, TN

AT Availability in Michigan
I was pleased to read Dr. Lynn
Lindaman's paper about the availability
of athletic trainers in Michigan, "Athletic trainer availability in interscholastic athletics in Michigan" (JAT, 1992;
27: 9-18). Dr. Lindaman's research will
be useful to us in the state of Michigan as
we work toward the goal of complete
and competent medical c are for our state's
high school student athletes. In addition,
his appended comments ring true for all
of us who have worked so hard over
many years to thwart the epidemic of
high school injuries.

However, there is one point to which
I feel compelled to respond. On page 10,
Dr. Lindaman states that in my 1987 study
of school superintendents' perception of
the status of athletic health care that I did
not report my definition of the term "athletic trainer" (Ray R. A survey of Michigan school superintendents' knowledge
of and attitudes toward athletic injuries,
athletic trainers, and legal liability. Ath
letic Training, JNATA. 1987; 22: 311315). He uses this argument to suggest to
readers that they employ caution in comparing the results of our research efforts in
this area. Although the injunction to use
caution in comparing the results of any
two studies is prudent scholarship, the
claim that I failed to specifically define the
term "athletic trainer" is unfounded. The
following statement can be found on page
312 of the 1987 paper:
"There were 70 school superintendents who indicated that their school district currently employs a certified athletic
trainer (question 12a)."
Question 12a in Table 1 of the 1987
paper clearly uses the wording "National
Athletic Trainers' Association certified
athletic trainer." This is a very specific
definition that leads me to believe that the
comparability of our two studies is probably greater than he states.
Dr. Lindaman's assertion that I did
not clarify the distribution of certified athletic trainers among different classes of
school districts is true. His decision to
stratify his report by school district size is
a useful contribution to our understanding
of the problem.
I hope this helps the readers of these
two reports understand more clearly and
completely the changes that have taken
place in the health care system for high
school student athletes in Michigan since
I published my study in 1987. As Dr.
Lindaman has so ably pointed out, there is
much that still needs to be done.
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Thank you for providing me with the
opportunity to respond to Dr. Lindaman's
remarks.
Richard Ray, EdD, ATC
Head Athletic Trainer
Assistant Professor of
Physical Education
Hope College
Holland, MI
I appreciate Dr. Ray's comments concerning my article. I am afraid I must plead
"guilty" to Dr. Ray's claim about defining
athletic training. All the other papers I
cited could not define certified athletic
trainer, and I am afraid I inadvertently
"tarred him with the same brush" as the
others.
Fortunately, I do not feel that this
changes the credibility or validity of the
paper. Also, my intent of the caution still
remains the same. My caution to the reader
was that there appears to be a 300% increase in athletic trainers employed by
schools when comparing Dr. Ray's survey and mine. I feel that this represents
more of our method of counting athletic
trainers than a true increase in the availability of athletic training services to student athletes. While Dr. Ray did define
certified athletic trainer, he did not specify
what he meant by "employ."
I was exceedingly liberal in my definition of athletic trainer availability so
as to potentially overestimate the athletic trainer availability. Even with this
overestimation, the athletic trainer availability is still ridiculously low. I feel that
the differences between Dr. Ray's survey and mine do not represent a true
improvement in athletic trainer availability, only a difference in our methods
of counting.
Lynn M. Lindaman, MD
Orthopaedic Center, P.C.
Des Moines, IA
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Effect of Transcutaneous Electrical Nerve
Stimulation, Cold, and a Combination
Treatment on Pain, Decreased Range of
Motion, and Strength Loss Associated with
Delayed Onset Muscle Soreness
Craig R. Denegar, PhD, ATC
David H. Perrin, PhD, ATC
ABSTRACT: Athletic trainers have a vari with DOMS. Subjects were randomly as
ety of therapeutic agents at their disposal signed to 20-minute treatments followed
to treat musculoskeletal pain, but little by static stretching. Cold, TENS, and the
objective evidence exists of the efficacy of combined treatment resulted in significant
the modalities they use. In this study, decreases in perceived pain. Treatments
delayed onset muscle soreness (DOMS) with cold resulted in a significant increase
served as a model for musculoskeletal in in elbow extension range of motion. Static
jury in order to: (1) compare the changes stretching also significantly reduced per
in perceived pain, elbow extension range ceived pain. Only small, nonsignificant
of motion, and strength loss in subjects changes in muscle strength were observed
experiencing DOMS in the elbow flexor following treatment or stretching, regard
muscle group following a single treatment less of the treatment group. These results
with either transcutaneous electrical nerve suggest that the muscle weakness associ
stimulation (TENS), cold, a combination of ated with DOMS is not the result of inhibi
TENS and cold, sham TENS, or 20 minutes tion caused by pain. The results suggest
of rest; (2) compare the effects of combin that these modalities are effective in treat
ing static stretching with these treatments; ing the pain and muscle spasm associated
and (3) determine if decreased pain is with DOMS, and that decreased pain may
accompanied by a restoration of strength. not be an accurate indicator of the recov
DOMS was induced in the non-dominant ery of muscle strength.
elbow flexor muscle group in 40 females
(age = 22.0 ± 4.3yr) with repeated eccen
thletic trainers and physical theratric contractions. Forty-eight hours fol
have a variety of therapeutic
pists
with
lowing exercise,all subjects presented
for treating musculoskelavailable
agents
of
range
extension
pain, decreased elbow
there is limited eviHowever,
pain.
etal
consistent
strength
decreased
motion, and
dence to substantiate the efficacy of some
Craig Denegar is an associate profes modalities and little research has been persor in the School of Physical Therapy at formed to compare the effects of various
Slippery Rock University in Slippery Rock, treatment protocols.
One of the problems facing those who
PA.
David Perrin is an associate profes investigate the analgesic response to treatsor and director, Graduate Athletic Train ment with therapeutic modalities is the
ing and Sports Medicine/Athletic Training difficulty of assembling a pool of subjects
ResearchLaboratory, Curry School ofEdu with similar conditions. Delayed onset
cation at the University of Virginia in muscle soreness (DOMS) has been used as
a model of musculoskeletal injury (3,4)
Charlottesville, VA.
because it is a self-limiting condition char-

A
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acterized by symptoms similar to many
athletic injuries.
Delayed onset muscle soreness is commonly experienced following novel physical exercise, especially when the exercise
involves repeated eccentric muscle contractions. The soreness generally increases
for the first 24 to 48 hours (26) and is
associated with decreased range of motion
(ROM) (3,4) and muscular weakness
(7,15,16,20,26,27). Several authors (8,9,
15,16,26) have attributed the weakness
associated with DOMS, at least in part, to
inhibition caused by pain. Komi and
Buskirk (15), after studying subjects performing either concentric or eccentric work,
stated that "those in the eccentric group
experienced soreness in their exercised
muscles. This caused a concomitant drop
in muscle strength." However, more recently, Newham et al (20) suggested that
pain and strength loss result from tissue
damage and that decreased pain would not
result in a restoration of muscle strength.
This study was conducted in order to:
the changes in perceived pain,
compare
(1)
elbow extension range of motion, and
muscle strength in subjects experiencing
DOMS immediately following a single
treatment with either transcutaneous electrical nerve stimulation (TENS), cold, a
combination of cold and TENS, sham
TENS, or 20 minutes of rest; (2) compare
the effects of combining static stretching
with the above mentioned treatments; and
(3) determine if decreased perceived pain
would be accompanied by a restoration in
muscle strength.
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Methods
Forty female volunteers (age =22.0 ±
4.3 yr,ht= 167.1 ±5.5 cm, wt= 62.3 ± 8.6
kg) were advised of the purposes of the
study and the method of inducing DOMS.
All subjects provided informed consent in
compliance with University Human Investigation Committee guidelines. The subjects had not been involved in upper body
weight training within 6 months prior to
beginning the study, denied a history of
recent upper extremity injury, and were
free from soreness in the nondominant
upper extremity.
Pretest and Exercise
Subjects were required to report to the
laboratory twice during the study. During
the first session, we reviewed the investigational procedures, oriented them to TENS
and the Kin-Corn isokinetic dynamometer
(Chattecx Corp., Chattanooga, TN), and
recorded descriptive data. Normal elbow
extension range of motion (ROM) was
measured with a standard goniometer.
Average concentric and average eccentric
torque generated by the elbow flexor
muscle group of the non-dominant arm
were measured from 90° to 45° flexion at
30°/sec on the dynamometer. Subjects
were seated with the shoulder flexed approximately 75° and the elbow aligned
with the axis of the dynamometer. A limited ROM was selected for the testing,
because previous research indicated that
some subjects would lose up to 45° of
elbow extension (3,4). The angular velocity of the dynamometer was selected, because we believed that higher velocities
would increase the risk of additional muscle
injury during eccentric contractions.
Each subject performed three nearmaximal concentric and eccentric contractions (each concentric contraction was followed by an eccentric contraction) that
were averaged by the computer software.
The Kin-Corn system samples at a rate of
100 times per second. The movement from
90° to 45° flexion at an angular velocity of
30°/sec required 1.5 seconds, permitting
150 samples. Thus, a mean of each sampling point from the three contractions was
used to form a composite torque curve.
The average torque value for the concentric and eccentric contractions was then
generated from the means of each of the
150 data points. In a conversation with E.
Dunlay of Chattecx Corporation (September 1991), it was confirmed that, in the
method used by Chattecx to calculate aver-
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age torque values, the average torque does
not equal the sum of the peak torques
divided by the number of contractions.
Then, each subject was assigned randomly to one of the five treatment groups:
cold, TENS, a combination of cold and
TENS, sham TENS, or control (no treatment). At the conclusion of the first session, subjects completed a series of eccentric exercises with the elbow flexor muscle
group of the nondominant arm. The exercise protocol has been used previously to
induce DOMS (3,4). Prior to returning for
assigned treatments, the subjects were
asked to refrain from using analgesic or
anti-inflammatory medications, receiving
physical therapy, or engaging in vigorous
upper extremity physical activity.
Treatment and Retests
Forty-eight hours after the exercise
bouts, subjects returned to the laboratory.
Elbow extension ROM was measured at
the point where volitional extension became limited because of pain. Average
concentric and eccentric torque generated
by the elbow flexor muscle group were
measured as described above. Subjects
were assessed for perceived pain in the
exercised muscles with a graphic pain rating scale (Fig 1).
The graphic pain rating scale developed for this study was based on the verbal

descriptive scale used by Talag (26) to
assess DOMS. Graphic rating scales are
similar to visual analog scales, but have
descriptors spread across the scale in addition to those at the extremes. Verbal descriptive scales have been criticized for
being insensitive to small changes, while
visual analog scales are a robust, sensitive,
and reproducible means of expressing pain
severity (12). Jensen et al (13) suggested
that graphic rating scales are easier to use
and improve consistency for each respondent and between respondents. We believe
that this adaptation of the Talag scale is a
more sensitive measure of the pain associated with DOMS.
Perceived pain was quantified by measuring the distance (to the nearest Vfc cm)
from the extreme left of the graphic pain
rating scale to the mark made on the 12 cm
line to describe the pain. The measured
distance was multiplied by 2 to yield perceived pain scores from 0 to 24. This
procedure eliminated fractional scores. The
subjects reported pain in the exercised
muscles and demonstrated decreases in
elbow extension range of motion, concentric average torque, and eccentric average
torque consistent with DOMS (Tables 1, 2,
3, and 4).
Each subject then received her assigned treatment, which lasted 20 minutes.
We applied cold treatments by securing

Graphic Pain Rating Scale
Test Session

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

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

Unbearable
____________________ Pain
Slight Pain More Slight Pain Painful Very Painful

Fig 1 .—Graphic pain rating scale with a 12 cm line between no pain and unbearable pain. Pain was
quantified by measuring the distance (to the nearest Vz cm) from the extreme left to the mark made
by subjects to describe their perception of pain. The length was multiplied by two, yielding scores
from 0 = no pain to 24 = unbearable pain.
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Table 1—Perceived Pain Score (no pain = 0) (worst pain = 24) (Mean ± SD)
Before
Exercise

Group

Measurement Time
After
Before
Treatment
Treatment

After
Stretching

Cold
TENS
Cold & TENS
Sham
Control

0±0
0±0
0±0
0±0
0±0

13.1 ±4.1
13.3 ±5.3
14.6 ±5.7
12.5 ±5.2
14.0 ±4.5

9.9 ±5.2
9.3 ±5.8
10.3 ±6.2
11.8 ±4.3
14.3 ±4.3

6.6 ± 4.3
6.4 ± 4.6
7.5 ±5.7
8.5 ±5.3
12.1 ±4.9

Average

0±0

13.5 ±4.8

11.1 ±5.3

8.2 ±5.2

Table 2— Elbow Extension Range of Motion (Degrees Extension, Mean ± SD)

Measurement Time
After
Before
Treatment
Treatment

After
Stretching

Group

Before
Exercise

Cold
TENS
Cold & TENS
Sham
Control

8.3 + 4.4
6.0 ±3.5
7.1 ±5.1
8.3 ± 2.7
6.8 ±5.3

-21.5 ±12.7
-19.8 ±12.8
-18.8 ±15.0
-12.8 ±12.0
-19.6 ±12.1

-15.3 ±10.6
-15.6 + 14.2
-11.9 ±13.3
-12.5 ±11.3
-19.1 ±11.0

-7.0 + 9.4
-7.5 ±12.1
-5.4 ±9.7
-5.1 ±8.9
-13.4 ±9.6

Average

7.3 + 4.2

-18.5 ±12.7

-14.9 ±11.8

-7.7 ±9.9

Table 3— Concentric Average Torque (Newton«Meter, Mean ± SD)
Before
Exercise

Group

Measurement Time
After
Before
Treatment
Treatment

After
Stretching

Cold
TENS
Cold & TENS
Sham
Control

26.9 + 3.2
23.9 ±6.4
22.9 ± 3.6
22.6 ± 6.9
23.4 ± 6.0

16.5 ±7.7
12.9 + 3.7
11.9 ±4.9
14.6 ±5.8
12.4 ±3.5

15.5 ±6.7
12.0 ±3.2
9.9 ±3.2
14.4 ±5.6
11.1 ±2.7

17.0 ±7.2
11.9±3.3
11.1 ±4.6
14.1 ±4.3
11.9 ±3.3

Average

23.9 ±5.4

13.7 ±5.3

12.8 ±4.8

13.2 ±5.0

Table 4.— Eccentric Average Torque (Newton«Meter, Mean ±SD)
Before
Exercise

Group

Measurement Time
After
Before
Treatment
Treatment

After
Stretching

Cold
TENS
Cold & TENS
Sham
Control

33.4 + 7.5
33.6 ± 7.4
31.1 ±4.3
31. 9 ±8.5
32.6 ±5.6

20.9 ±7.7
17.5 ±4.6
15.6 ±5.7
19.8 ±7.4
17.3 ±6.8

21.0 ±6.9
16.6 ±4.5
15.1 ±4.9
18.4 ±7.4
15.3 ±5.4

21.1 ±4.9
16.6 ±4.1
15.0 ±5.6
19.1 ±6.2
17.5 ±6.5

Average

32.5 ±6.6

18.2 ±6.5

17.3 ±6.0

17.9 ±5.7
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plastic produce bags filled with crushed ice
over the elbow flexor muscle group. The
bags were secured with an elastic bandage.
TENS was applied with a Neurotech
NT-16 stimulator (Neurotech, North
Andover, MA). A bipolar placement of
two round, carbon, 50 mm diameter electrodes, which were treated with electrode
gel and secured with elastic wraps, was
used. One electrode was placed over the
musculotendinous junction of the biceps
brachii and the second over the area of
greatest soreness, which was usually over
the belly of the brachialis. The parameters
of the TENS were: pulse rate = 90 pps,
phase duration = 90 u sec, continuous duty
cycle and intensity adjusted to provide a
tingling sensation without visible muscle
twitch.
The combination treatment consisted
of a TENS treatment identical to the one
described above with an ice bag secured
over the electrodes.
Sham TENS was delivered with the
NT-16 using the electrode placement described above. The parameters were set as
follows: pulse rate = 2 pps, phase duration
= 20 u sec, intensity adjusted to approximately HOma, and the duty cycle setfor an
"off' time of 99 sec and an "on" time of 1
sec. The control panel appeared similar for
all TENS treatments.
Following the treatments, subjects
were again assessed for perceived pain,
elbow extension ROM, and concentric and
eccentric average torque. Finally, all subjects completed a series of four 30-second
static stretches with a 30-second rest between stretches. Following stretching,
perceived pain, elbow extension ROM,
andconcentric and eccentric averagetorque
were reassessed.
Statistical Procedures
We first analyzed the before exercise
and before treatment data with a multivariate analysis of variance (MANOV A). Perceived pain, elbow extension ROM, concentric average torque, and eccentric average torque data were analyzed with separate 3*5 ANOVAs (three measurement
times [before treatment, after treatment,
after stretching] by five treatment groups)
withrepeatedmeasures on one factor (measurement time). To control for inflated
alphalevels resulting fromrepeatedF tests,
we interpreted the tests against a level of
significance of .0125 (.05/4). An additional 2*5 ANOVA (2 measurement times
[after treatment and after stretching] by 5

treatment groups) was conducted on the
perceived pain and elbow extension ROM
data. Tukey post hoc tests were used to
carry out pairwise comparisons and a
Scheffe" post hoc test was used to determine
if subjects who received cold, TENS, or the
combined treatment had greater decreases
in perceived pain than subjects who received sham TENS or no treatment prior to
stretching.

Results
The cell means and standard deviations for the perceived pain, elbow extension range of motion, concentric average
torque, and eccentric average torque are
located in Tables 1 through 4 respectively.
Forty-eight hours after the exercise
bout, subjects reported pain in the exercised muscles, and demonstrated decreased
elbow extension range of motion, concentric average torque, and eccentric average
torque (Wilks lambda = .086, p < .01).
Perceived pain decreased following
treatment with cold, TENS, the combined
treatment, and the sham treatment, as well
as following stretching (F(2,70)=96.75,
p<.001). However, not all groups experienced an identical response to treatment
(F(8,70)=4.45, p<.05). Groups that received cold, TENS, or the combined treatment experienced greater decreases in perceived pain than those who received sham
TENS or no treatment (Tukey post-hoc,
p<.05).
Static stretching resulted in decreased
perceived pain in all groups (F( 1,35)=76.7,
p<.001). However, subjects who received
cold, TENS, or the combined treatment
plus stretching had greater decreases in
perceived pain than those who received
sham TENS ornotreatmentpriorto stretching (Scheffe" post-hoc, p < .05).
Similarly, increases in elbow extension ROM were greater in some groups
than in others (F(8,70=3.06, p=.007). Subjects receiving cold as part of the treatment
demonstrated greater increases in elbow
extension ROMfollowing treatment (Tukey
post-hoc p<.05). As expected, stretching
resulted in increased elbow extension range
of motion in all groups (F(l,35)=123.1, p<
.001).
Concentric and eccentric average
torque generated by the elbow flexor
muscle group was decreased 43% and
44%, respectively, 48 hours following the
eccentric bout. Measurement time means
found in Tables 3 and 4 demonstrate that
concentric and eccentric average torque

did not increase following treatment or
stretching. Additionally, there were no
differences between groups with regard
to change in concentric (F(8,70)=0.66,
p=.723) or eccentric (F(8,70)=1.36,
p=.211) average torque following treatment or stretching.

Discussion
It is difficult to assess and quantify
pain and the analgesic response to therapeutic intervention. However, the descriptive data and significant differences between treatment groups and the sham TENS
and control groups indicate that the treatments had real (not placebo) analgesic effects. Interestingly, the sham TENS resulted hi a greater decrease in perceived
pain than no treatment, suggesting a small
placebo response to TENS.
These data also indicate that static
stretching resulted in decreased perceived
pain and that static stretching combined
with cold and/or TENS was more effective
than static stretching alone. While these
findings are consistent with what many
clinicians observe when treating musculoskeletal pain, the results of this study provide additional objective data to assist the
athletic trainer in establishing a rationale
and demonstrating efficacy for these treatment approaches.
Significant increases in elbow extension ROM following treatments with cold
and following stretching also suggest interruption of a pain-spasm cycle as proposed by deVries (5). Pain originating hi
the sensory motor chain leads to reflex
muscular spasm (17). The elimination of
pain has been associated with muscular
relaxation (17,24). Stimulation of the Golgi
tendon organ results in motor inhibition
and decreased muscular tension (19). Harris (10) stated that "a slow stretch is the best
stimulus for obtaining relaxation of a given
muscle group." There is wide variation in
the length of the hold phase used in clinical
practice. The stretching protocol for this
study was selected because it is sufficient
to stimulate the Golgi tendon organ and
approximates the length of stretch used by
the authors in clinical practice.
The descriptive data suggests that treatments including cold have a greater effect
on spasm than TENS alone, even though
cold did not result in a greater analgesic
response. This finding may be explained
by a cold-induced decrease in muscle
spindle activity (6,23). We did not measure intramuscular temperature. However,
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others have reported decreases in intramuscular temperatures following 15 minutes (18) and 22 minutes (11) of cold application, suggesting that superficial cold can
reduce muscle spasm.
The weakness associated withDOMS
was not ameliorated by the treatments,
even though there were significant decreases in perceived pain. While the subjects were not rendered pain-free, our results suggest that the weaknesses associated with DOMS may not be caused primarily by inhibition resulting from pain. Several investigators have reported damage to
contractile tissue in muscles suffering
DOMS (1,2,7,14,15,21,22). If the weakness is not caused by pain, it seems reasonable that these symptoms occur inresponse
to the tissue damage (20). While additional
work is needed to substantiate this cause
and effect relationship, our findings can be
applied to clinical practice. Our results
suggest that pain is not an accurate marker
of recovery from the strength loss associated with DOMS. While physical activity
tends to relieve DOMS, clinicians must
realize that freedom from pain may not be
accompanied by a complete return of
strength. Although the pain associated
with DOMS usually disappears within 1
week, isometric strength has been reported
to return to only about 80% of normal 2
weeks following intense eccentric exercise, with recovery delayed by a second
bout of eccentric work (20). The impact of
maximum efforts on athletes experiencing
DOMS has not, to our knowledge, been
addressed.
DOMS may represent an end of a
spectrum of muscle strain (25). If this is the
case, it would seem prudent to assess the
return of strength, in addition to pain and
other symptoms, prior to permitting an
athlete to return to unrestricted activity
following muscle strains and bouts of
DOMS that have clearly impaired performance.
The results of our study suggest that
cold, TENS, and a combination of cold and
TENS had a significant analgesic effect in
subjects experiencing DOMS. The results
suggest that cold is useful in treating the
muscle spasm associated with DOMS.
Furthermore, our results suggest that
the muscular weakness associated with
DOMS may not be caused primarily by
inhibition resulting from pain. Our results
support the contention of Newham et al
(20) that these symptoms occur inresponse
to tissue damage. Additional investigation
•
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is needed to determine if the strength loss
associated with DOMS poses a risk of
increased injury to athletes. Our results
also suggest that pain may not be a valid
indicator of recovery from DOMS and,
quite possibly, from traumatic muscle strain.
If this is the case, clinicians need to be
aware that analgesic therapeutic interventions probably do not influence the return
of strength following injury. The strength
of injured muscle should be assessed prior
to returning an athlete to unrestricted activity and competition.

5.

6.

7.

8.

9.

10.

References

Abraham WJ. Exercise-induced soreness. MedSci
Sports. 1979;! 1:57-60.
Abraham WJ. Factors in delayed onset muscle
soreness. MedSci Sports. 1977;9:11-20.
Denegar CR, Huff CB. High and low frequency
TENS in the treatment of musculoskeletal pain: a
comparison study. Athletic Training JNATA.
1988;23:235-237, 257.
Denegar CR,PerrinDH,Rogol A, RuttR. Influence
of transcutaneous electrical nerve stimulation on
serum cortisol concentration, pain and range of
motion. JOrthop Sports Phys Ther. 1989;11:100103.

1.
2.
3.

4.

11.
12.

13.

14.

15.

deVries HA. Quantitative electromyographic investigation of the spasm theory of muscle pain. Am
JPhysMed. 1966;45:119-134.
Eldred E, Lindsley DF, Buchwald DJ. The effect of
cooling on mammalian muscle spindles. ExpNeural.
1960;2:144-157.
FridenJ,SegerJ,SjostromM,EkblomB. Adaptive
response in human skeletal muscle subjected to
prolonged eccentric training. Int J Sports Med.
1983;4:177-183.
FridenJ, SjostromM.EkblomB. A morphological
study of delayed onsetmusclesoreness. Experientia.
1981;37:506-507.
Friden J, Sjostrom M, Ekblom B. Myofibrillar
damagefollo wing intense eccentric exercise in man.
IntJ Sports Med. 1983;4:170-176.
Harris FA. Facilitation techniques in therapeutic
exercise. In:Basmajian JV, ed. Therapeutic Exercwe.Srded. Baltimore.Md: Waverly Press; 1978:93137.
HartviksenK. Ice therapy in spasticity. ActaNeuro
Scand. 1962;3(suppl):79-84.
HuskissonEC. Visual analogue scales. In:Melzack
R, ed. Pain Measurement and Assessment. New
York, NY: Raven Press; 1983:33-40.
Jensen MP, Karoly P, Braver S. The measurement
of clinical pain intensity: a comparison of six
methods. Pain. 1986;27:117-126.
Jones DA, Newham DJ, Round JM, Tolfree SEJ.
Experimental human muscle damage: morphological changes in relation to other indices of damage. /
PhysiolLond. 1986;375:435-448.
Komi PV, Buskirk ER. Effect of eccentric muscle
conditioning on tension and electrical activity of
human muscle. Ergonomics. 1972;15:417-434.

16.

17.
18.

19.

20.

21.

22.

23.

24.

25.

26.

Komi PV, Viitasalo JT. Changes in motor unit
activity and metabolism in human skeletal muscle
during and after repeated eccentric and concentric
contractions. Acta Physiol Scand. 1977;100:246254.
KrausH. Prevention and treatment of ski injuries. /
Trauma. 1961;l:457-463.
Lowdon B J, Moore RJ. Determinants and nature of
intramuscular temperature changes during cold
therapy. AmJPhysMed. 1975;54:223-233.
McCouchGP.DerringlD.StewartWB. Inhibition
of knee jerk from tendon spindles of crureus. /
Neurophysiol. 1950;13:343-350.
Newham DJ, Jones DA, Clarkson PM. Repeated
high-force eccentric exercise: effects on muscle
pain and damage. / Appl Physiol. 1987;63:13811386.
Newham DJ, McPhail G, Mils KR, Edwards RHT.
Ultrastructural changes after concentric and eccentric contractions. JNeurolSci. 1983;61:109-122.
NewhamDJ, Mills KR, QuigleyBM,Edwards RHT.
Pain and fatigue following concentric and eccentric
muscle contractions. ClinSci. 1983;64:55-62.
Ottoson D. The effects of temperature on the isolated muscle spindle. JPhysiolLond. 1965;180:636648.
Peppard A. Myotonic muscle distress: a rationale
fortherapy. AthleticTraining, JNATA. 1973;8:166169.
Safran MR, Garrett JR, Seaber AV, Glisson RR,
Ribbeck MS. The role of warmup in muscular injury
prevention. Am J Sports Med. 1988;16:123-129.
Talag T. Residual muscle soreness as influenced by
concentric, eccentric and static contractions. ResQ.
1973;44:458-469.

Thera-Bancf Resistive Th
Unmatched Versatility
Whether you are
working with orthopaedic,
rehabilitation or postsurgical patients, TheraBand helps improve
strength, range of motion
and/or coordination of
small and large muscle
groups. Thera-Band also offers the therapist the
option of using active or resistive exercise.
Now available in seven, color-coded resistance
levels, Thera-Band is more versatile than ever.
The therapist needs simply to vary the length of

206

Volume 27

•

Numbers

•

1992

•

the band or choose different resistance levels
(or combinations of bands) to create a customdesigned therapy program precisely suited for
the patient. Another built-in benefit of the TheraBand program is the psychological boost that the

Standard rolls are 6" wide x 18' long.
Bulk rolls are 6" wide x 150' long.

Journal of Athletic Training

Certificate and Plaque Order Form for
NATA Certified Athletic Trainers
The Board of Certification is offering a graphically designed certificate printed in Old English Script with a gold embossed NATA logo and the seal of certification. Each certificate is
professionally personalized with the athletic trainer's name, certification number, and date
of certification. The certificate may be purchased as a 12" x 16" hardwood plaque protected
by plexiglass, or ordered as the Certificate of Certification only.
Use a permanent street mailing address. No post
office boxes please. Delivery will be by United
Parcel Service (allow 4 to 6 weeks).

Please indicate your choice:
_____ the plaque mounted certificate for $50 each
_____ the Certificate of Certification for $20 each

Enclose this order form with a check or money
order in payment for the plaque or certificate
and mail to:

NAME
(as you wish it to appear on the certificate)
ADDRESS____________________
CITY_______________________

STATE
NATA Board of Certification
2952 Stemmons Freeway
Dallas, TX 75247

ZIP

Certification Number,
Certification Date __
Phone

brapy System
patient experiences by progressing from one
color-coded resistance level to the next. Because
Thera-Band is portable and so easy to use, it is
ideal for continued treatment at home under a
prescribed plan of care.

Economical
Easy to Use
Versatile
Proven Effective

New Study Proves Thera-Band's
Effectiveness
A recently completed
university / hospital
study proved that
a regular program of
resistance therapy
using Thera-Band
significantly increases muscular strength.

1

For a synopsis of this study, contact:

IHf
III

System Of Progressive Resistance

HYGENIC

Volume 27 •

Numbers

The Hygenic Corporation
1245 Home Avenue, Akron, Ohio 44310
(216)633-8460
Fax (216) 633-9359

• 1992 • Journal of Athletic Training

207

The Effects of Ice Massage, Ice Massage
with Exercise, and Exercise on the
Prevention and Treatment of Delayed
Onset Muscle Soreness
William Kirk Isabel!, MS, ATC
Earlene Durrant, EdD, ATC
William Myrer, PhD
Shauna Anderson, PhD
ABSTRACT: We investigated the effects of ing the symptoms of delayed onset muscle
ice massage, ice massage with exercise, soreness. In fact, though not statistically
and exercise on the prevention and treat significant, the pattern of the data sug
ment of delayed onset muscle soreness gested the use of ice in the treatment of
(DOMS). Twenty-two subjects were ran DOMS may be contraindicated. Further
domly assigned to one of four groups. investigation is recommended.
Preexercise measures were recorded for
range of motion (ROM), strength, per
xercise-induced muscle soreness can
ceived soreness, and serum creatine kibe classified as either acute onset or
nase (CK) levels. Subjects performed up to
300 concentric/eccentric contractions of delayed onset. Acute onset muscle sorethe elbow flexors with 90% of their 10 ness occurs during exercise and may last
repetition maximum to induce muscle sore up to 4 to 6 hours before subsiding. Deness. Dependent variables were assessed layed onset muscle soreness (DOMS) has
at 2, 4, 6, 24, 48, 72, 96, and 120 hours onset 8 to 24 hours postexercise, with sorepostexercise. Significant differences oc ness peaking 24 to 48 hours postexercise.
curred in all variables with respect to time The etiology of DOMS has been the topic
(ANOVA(p<.05)). However, no signifi of numerous studies, from which several
cant mode of treatment, or mode of treat theories have evolved (3,5,18,32,39).
Despite differences in theories, the
ment/assessment time interaction was
present. Decreases in range of motion and following factors have been documented:
flexion strength correspondwith increases 1. Strenuous activity especially eccentric exercise causes injury or trauma
in perceived soreness. The nonsignificant
to the muscle, its musculotendinous
mode of treatment/assessment time inter
junction, or both (10,14,34,45,49,50).
action suggests that the use of ice massage,
ice massage with exercise, or exercise 2. Injury and/or trauma initiates an inflammatory response resulting in
alone is not effective in significantly reducmuscles feeling painful and swollen
(8,10,23,28).
William Isabel! currently is a teacher and 3. Pain occurrence is delayed approxiathletic trainer at Uinta High School in Evanston,
mately 8 hours postactivity and graduWY.
ally increases, peaking 24 to 48 hours
Earlene Durrant is an associate professor of
postexercise before gradually subsidphysical education, and director of the athletic
ing to preexercise levels (1-3,21,47).
training program and curriculum at Brigham Young
4. Trauma results in significantly inUniversity in Provo, UT.
creased levels of muscle proteins and
William Myrer is an associate professor of
other breakdown products of muscle
physical education at Brigham Young University.
and collagen in the blood and/or urine
Shauna Anderson is an associate professor
(2,21,24,36,38,51,53,56,63,64).
of microbiology at Brigham Young University.
5. Painis associated with decreased range
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of motion (ROM) and strength
(3,10,13,15,20).
6. Trauma or resulting pain may directly
or indirectly result in muscle spasms
and a pain-spasm feedback cycle
(18,43).
Because of the presence of pain and
other possible debilitating performance
factors, preventing or rninimizing the effects of DOMS should be a concern for
coaches, athletic trainers, physical therapists, and other sports medicine personnel.
Little research, however, exists on the prevention or treatment of DOMS.
Considering the biophysics of
cryotherapy in relation to the pathophysiological effects of DOMS, one might expect cryotherapy and cryokinetics to be
effective in reducing the symptoms of
DOMS. In addition, several researchers
suggest exercise as an effective mode of
DOMS management (30,32).
The purpose of this study was to compare the effects of ice massage, ice massage with exercise, and exercise alone on
the prevention and treatment of delayed
onsetmuscle soreness. Criterion measures
of delayed muscle soreness were: (a) decreased strength (13,14,32,39,47,62), (b)
decreasedROM(4,9,13,15,20,34),(c) perceived soreness and pain (1,2,6-12,23,
24,28,46,61,62), and (d) increased serum
creatine kinase (CK) levels (3,5,9,21,
28,42,45,46,55,62,63).

Methods
We selected twenty-two subjects (11
females, 11 males; age = 20.3± 2.1 years)
from a group of volunteers participating in
basketball activity classes. Subjects were
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apprised of the procedure, possible risks,
and benefits of participation in the study
prior to giving informed consent. All subjects reported having no upper arm pain
and had pain-free range of motion about
the elbow joint.
This study had four phases: the
preexercise measurements, the induction
of delayed onsetmuscle soreness, the treatments, and the postexercise measurements.
Our dependent variables, which were measured pre and post exercise, were: perceived pain, ROM, strength, and serum
CK levels. Our independent variables
ice massage and exercise were manipulated to form our treatment groups. We
randomly assigned subjects to one of four
treatment groups: (a) ice massage, (b) exercise, (c) ice massage plus exercise, or (d)
control. We instructed the subjects not to
stretch, massage, or engage in any other
treatment or therapy and to abstain from
taking any medication during the study.
A repeated measures analysis of variance (ANOVA) was used to measure differences between treatment and control
groups. Pearson's product moment correlation coefficients were used to determine
relationships between our dependent variables.
Preexercise Measures
We measured isokinetic flexion and
extension torque, flexion and extension
ROM, serum CK levels, and perceived soreness at rest and at work. Our isokinetic
strength measurement protocol was similar
to Davis (13). A Cybex n (Lumex Inc,
Ronkonkoma, NY) isokinetic exercise dynamometer was set at an angular velocity of
60°/foot-pound scales of 30 and 160 footpounds, and degree scale of 150°. Subjects
were positioned on the Upper Body Exercise Table as outlined for the Cybex n,
elbow flexion/extension protocol.
Subjects performed 8 to 10 submaximal contractions to familiarize themselves
with the machine and demonstrate their
understanding of the testing protocol. Then
they performed 8 to 10 maximal contractions (flexion and extension) through the
full range of motion. Torque was recorded
on a Cybex dual-channel multi-strip recorder. The average of the three highest
peak scores was recorded for both extension and flexion.
Additional preexercise strength measures included using dumbbells, with 5 Ib
increments, to determine the amount of
weight each subject could curl one time,
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the 1 repetition maximum (1RM), and the
amount of weight they could curl 10 times,
the 10 repetition maximum (10RM). We
used 90% of each subject's 10 RM to
induce muscle soreness. We used the 1
RM value to determine the amount of weight
to lift during perceived soreness assessments.
We measured ROM preexercise with
a plastic international standard full-circle
goniometer. Subjects stood in anatomical
position. The fulcrum of the goniometer
was centered over the lateral epicondyle.
The proximal arm of the goniometer was
aligned with the lateral midline of the humerus, and the distal arm was aligned with
the radius. The limbs were then marked
with a permanent marker to ensure greater
accuracy during measurement. Neutral
was set at zero or 180° (arm straight).
Movement of the forearm in an anterior
direction from neutral was flexion, and
posterior movement of the forearm from
neutral was extension (beyond 180°, sometimes referred to as hyperextension). We
recorded ROM of flexion, ROM in extension, and their sumgaveusROM total. For
example, the control group had a mean
flexion ROM of 134.5°, extensionROM of
5.8°, and a total ROM of 140.3° on the
pretest. ROM end points were defined as
the points at which no further active motion
was possible.
We withdrew approximately 10 cc of
blood from the antecubital vein for serum
CK analysis. Serum samples were poured
from separated whole blood samples and
frozen until analyzed. The analysis was
performed on a Multistat in instrument
(Instrumentation Laboratory). Commercial control sera were analyzed with each
assay batch to monitor procedural parameters. If the results of the control sera were
within acceptable range (± 2 SD), the run
was accepted. Medical Analysis Systems,
Inc, MAS 207, 217 ml CK Liquid Stable
Reagent Set kits were used as reagents.
Perceived pain or soreness was determined using the Talag Scale: (1) No Pain,
(2) Dull Vague Ache, (3) Slight Persistent
Pain, (4) More than Slight Pain, (5) Painful,
(6) Very Painful, and (7) Unbearably Painful (61).
We incorporated methodology patterned after Tiidus and lanuzzo (62) to
determine perceived soreness. Subjects
completed two repetitions of approximately
25%, 50%, 75%, and 90% of their 1RM in
random order. Perceived soreness was
recorded using the perceived soreness scale
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for each set of contractions. The soreness
level indicated during each contraction was
recorded. The average of these eight values was our value for perceived soreness
during work. Perceived soreness during
daily activities was assessed by asking
each subject the level of soreness present,
based on the soreness scale.
Induction of Delayed Onset Muscle
Soreness
We induced muscle soreness in the
nondominant arm using concentric and
eccentric dumbbell curl exercises, in a
manner similar to those outlined by Tiidus
and lanuzzo (62). The eccentric portion of
each contraction was emphasized by allowing the subjects to raise the weight with
the aid of the other hand if required; however, no aid was given during the eccentric
phase. Each subject used 90% of their
10RM. Subjects performed 30 sets of up to
10 repetitions. Each set lasted 20 to 30
seconds and was separated by a 1 -minute
rest period. The total exercise time was no
longer than 45 minutes.
Treatment Protocols
Treatment groups underwent eight 15minute treatments. Treatments were administered at 0, 2,4, 6, 24, 48, 72, and 96
hours postexercise.
The following protocols outline the
treatment that subjects received in their
respective groups.
1. Control No therapy was administered during the 15-minute treatment
time.
2. Ice massage Ice massage was applied by the subject using an ice ball
formed in an 8-ounce paper cup. They
massaged the entire length of their
biceps and the proximal portion of the
brachialis lying above the elbow joint,
using circular and stroking motions.
The water was not wiped off as the ice
melted. Treatment continued for 15
minutes.
3. Exercise Mild full ROM elbow
flexion and extension exercises were
performed at the elbow, with only the
gravitational pull on the hand and
arm providing resistance. Subjects
performed continuous repetitions
during a 20-second period. Subjects
then rested their arms for 40 seconds.
Additional bouts of exercise/rest periods continued for 20 seconds of
exercise, 40 seconds of rest for the
15-minute treatment time.
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4.

Ice Massage plus Exercise Ice massage and exercise were administered
exactly as described above, but were
combined so that 20 seconds of exercise treatment was followed by 40
seconds of ice massage treatment.
Treatment continued for 15 minutes.
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140135-
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Postexercise Measures
Postexercise measures for strength,
ROM, perceived soreness, and CK levels
were obtained using the same procedures
outlined for preexercise assessments.
Postexercise measures for all variables,
except CK, were recorded at 2,4,6,24,48,
72, 96 and 120 hours postexercise. CK
levels were not analyzed at 96 hours
postexercise. Postexercise measures were
obtained prior to treatment when treatment
and assessment coincided.

—*- Control

Ice

115-

-•«•• Ice + Exercise
110-

-•«•- Exercise

105100-

0 Pretest 24

624487296
Hours Post Exercise

120

Fig 1 .—Change in range of motion with respect to treatment groups

Results
No significant mode of treatment or
mode of treatment/assessment time interactions were found. However, flexion ROM
approached significance between mode of
treatment (F(3, 18),=2.66, p=.08). The
interaction of serum CK levels and mode
of treatment also approached significance
(F(24,142),=1.50, p=.076). At 120 hours
postexerci se the ice group had much higher
CK values than the other groups (Fig 5).
Despite lacking significant differences
in the main effects, various comparisons
within and between specific groups were
interesting. Figures 1-5 show the pattern of
change in total range of motion (ROMT),
flexion strength (FS), extension strength
(ES), perception of soreness at rest (PSR),
and serum CK levels with respect to treatment and time.
Our protocol for inducing delayed onset muscle soreness resulted in significant
changes over time in the variables illustrated in Figures 1-5: (F(8,142), > 6.70,
p<.01).
Soreness during work was localized
to the insertion of the biceps brachii and
was most severe at terminal extension.
The peak values of our dependent
variables of DOMS generally followed the
same time course. Peak decreases in total
ROM occurred at 48 hours for all groups
except the control group where it occurred
at 72 hours (Fig 1). Peak decreases in
flexion strength resulting from DOMS also
occurred at 48 hours for all groups except
control, which had peak decreases at 24
hours (Fig 2). Peak decreases in extension
strength resulting from DOMS occurred at
212
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—*— Control
— Ice
«

Ice + Exercise

—-o- Exercise

0 Pretest 24

72
48
24
6
Hours Post Exercise

96

120

Fig 2.—Change in flexion strength with respect to treatment groups
24 hours in all groups except the exercise
group that experienced its peak decrease at
48 hours (Fig 3). Soreness values at rest
associated with DOMS peaked at 48 hours
for the ice and the ice and exercise groups.
Soreness reached its peak at 24 hours in the
exercise group, but maintained that level
until the 48-hour assessment. The control
group did not reach its soreness at rest peak
until 96 hours (Fig 4). CK levels increased
rapidly in all groups at the 24-hour mark
and they at least doubled by the 48-hour
period in the control, ice, and ice and exercise groups. Only the exercise group maintained low levels of CK beyond the 72hour mark. The mode of treatment and time
interactionfor serum CK means approached
1992 • Journal of Athletic Training

significant levels at 72 hours and continued to show dramatic increases at 120
hours, particularly in the ice group
(F(24,142), =1.50. p=.076)(Fig 5).
The Table illustrates the correlations
between the dependent variables. Total
ROM and ROME were highly correlated
(r=.84, p<.01), as were muscle soreness at
rest and muscle soreness at work (r=.88,
p<.01; Table). There were moderate correlations between ROMT and ROMF, perceived soreness at rest, perceived soreness
at work, and serum CK; between ROME
and serum creatine kinase, and perceived
soreness at rest, and between flexion and
extension torques (Table).
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Pearson Product Correlations
ROMF
ROME
ROMT
FS
ES
PSR
PSW
CK

0.186
0.631"
0.018
-0.339
-0.214
-.217

ROMT

0.844"
0.023
-0.231
-0.571"
-0.487*
-0.515"

-0.004
-0.354
-0.575"
-0.505"
-0.540"

ROMF = Range of Motion Flexion
ROME = Range of Motion Extension
ROMT = Range of Motion Total
FS = Flexion Strength
ES = Extension Strength
PSR= Perceived Soreness at Rest
PSW = Perceived Soreness at Work
CK = Serum Creatine Kinase Levels

Discussion
The mechanisms producing delayed
muscle soreness are vaguely understood,
making information concerning prevention and treatment scarce. Previous studies
have tried to isolate specific mechanisms
(4,6,7,11,25-27,35,46,48), while other studies have attempted to prevent and treat the
symptoms (9,13,16,17,19,22,31,57,60,
62,66). We attempted to prevent and treat
muscular soreness through the use of ice
massage and exercise.
Data from previous studies
(13,15,29,37,40,52,66) combined with our
understanding about cryotherapy biophysics (41,44,54,58,59,65) suggest that ice
therapy might be beneficial. In addition,
researchers have supplied evidence showing that high speed voluntary muscle contraction limit the degree of delayed muscle
soreness and associated symptoms
(30,32,33).
Neither Yackzan (66) nor Davis (13)
found significant differences in their criterion indicators of DOMS resulting from the
use of ice massage or cold hydrotherapy in
treating DOMS. We felt, however, that
they began treatment too late and did not
treat often enough. In addition, the treatment effect outlined by numerous researchers (11,22,33,34,55,57) may have confounded Davis' results. Our study addressed
these weaknesses by using immediate and
repeated ice application. Despite these
changes, the nonsignificantfindings oftreatment and assessment time interaction parallel those of Yackzan (66) and Davis (13).
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FS

ROME

Numbers

0.672"
-0.142
-0.194
0.013

ES

PSR

PSW

0.099
0.085
0.0389

0.879"
0.455*

0.430*

"Significant at (P<.05)
"Significant at (P<.01)

Because of the lack of significant evidence, we cannot say with certainty that ice
or exercise or the combination of ice and
exercise does or does not help or hinder the
prevention and treatment of DOMS. Although not statistically significant, the data
as illustrated in Figures 1,4, and 5 indicate
a pattern that is very interesting and certainly begs further investigation.
Although not statistically significant,
it is interesting to note that the ice group had
the highest peak soreness at rest scores, the
highest serum CK levels, and the lowest
low peak total ROM of all the groups.
Conversely, the exercisegroup had thelowest peak soreness at rest scores, the lowest
serum CK levels, and the highest low peak
total ROM of all the groups. This suggests
that the mechanisms responsible for muscle
adaptation and repair and subsequent relief
from DOMS symptoms may center around
physiological responses that are adversely
affected by cold application.
Peak soreness at 48 hours in the ice and
ice and exercise groups and 24 to 48 hours
in the exercise group concur with others
(46,55,61,62,66) who have shown maximum readings ranging between 24 to 48
hours postexercise. Discrepancy between
time of maximal occurrence (24 or48 hours)
may be attributed to the different types of
exercise performed, the intensity of exercise, muscle groups involved, and other
factors such as gender, age, previous conditioning lev els, and overall strength levels of
the subjects.
The relatively high correlation between
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perceived soreness at work and perceived
soreness atrest (r=.88, Table) indicates that
the mechanism of pain manifests itself in
resting muscles and is not isolated to the
contractile process. In fact, there is some
indication that muscle contraction seems to
decrease the soreness as indicated by the
exercise group's reduced CK levels (Fig 5)
and having the lowest peak soreness atrest
scores (Fig 4). The exercise group performed mild isotonic contractions as treatment. Although nonsignificant, the pattern
of change for the exercise group appeared
favorable with respect to soreness levels as
compared to the other groups (Fig 4). The
negative correlation between ROMT and
perceived soreness atrest, and ROMT and
perceived soreness at work indicates that
there is a tendency for the total ROM to
increase as the pain decreases (Table).
Significant increases in extension
strength overtime has not to our knowledge
been reported. Mean extension strength
was lowest at 24 hours postexercise in all
groups except the exercise group and exhibited significant increases as time postexercise elapsed (Fig 3). Reasons for this
increasemay include atraining effectgained
fromrepeatedbouts of exerciseontheCybex
n isokinetic machine. This training effect
results in greater coordination and familiarity with the machine. This, in turn, allows
for increased strength recordings.
Reciprocal inhibition of the biceps
muscle also may play an important part.
Neurologically, when the triceps receives a
stimulus to contract, the biceps receives a
stimulus inhibiting contraction to a certain
degree. A number of the biceps fibers do
contract, acting against the triceps, providing coordinated extension movements in
the arm (6). Perhaps, due to the biceps' high
degree of fatigue, weakness, and soreness,
some of the opposing force usually generated against the triceps contraction is lost,
allowing the triceps to work more efficiently.
Structural changes occurred, evidenced
by the significant increases in serum CK
levels over time. The elevated levels of
creatine kinase appear to be quantitative
markers of muscle damage (26,36). Others
have shown that muscle damage exists immediately afterexercise (25,45,49), butseveral hours may pass before pain is felt, and
damage continues to increase for about 48
hours. Strength decreases result because of
the reluctance to use sore muscles and from
the loss of inherent force-producing capacity within the muscle (24,46-50). Despite

international
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large increases in serum CK levels in all
groups, extremely large levels existed only
in the ice group (Fig 5).
Observations have varied concerning
the time of peak CK values and its relationship with factors such as ROM, strength,
and soreness. Some report peak CK values
as early as 24 hours postexercise (55,62).
Others have observed peak CK values during 24 to 48 hours postexercise, thereby
concomitant with the usual maximum soreness and decreased ROM and strength (11).
Yet others have reported peak CK values
occurring long after pain has decreased and
ROMhas improved (45,55). Ourinvestigation supports the latter view.
The patterns of change shown in Figures 1-5 somewhat support the argument of
exercise as an effective method of reducing
DOMS. The exercise group had the smallest decreases in ROM and strength and the
smallest increases in soreness and CK. This
agrees with recent research that reported
that high speed voluntary muscle contraction is effective in decreasing muscle soreness (3 1). The combined ice with exercise
group provides additional data supporting
the use of exercise. Although the subjects
from the ice with exercise group had greater
decreases in ROM and strength, and greater
increases in soreness and CK than the exercise group, the changes in these variables
were more positive than those of the control
or ice only groups. This suggests that the
use of ice in the ice with exercise group may
have been detrimental to the otherwise successful exercise treatment as evidenced by
the exercise group.
In summary, this study provides additional support that repeated strenuous concentric-eccentric exercise produces DOMS.
Decreases in strength and ROM from 24 to
48 hours correspond with increases in pain
suggesting similar etiology. The significant increases in serum CK levels provide
support for the torn tissue theory (32) of
DOMS. The therapeutic use of ice and
exercise, combined or used separately, was
not effective in reducing the symptoms of
DOMS. Though not statistically significant, the patterns in the data suggest that ice
application may be contraindicated in the
treatment of DOMS. Additional research
with a larger sample size is needed before
we can know for sure how effective ice and
exercise are for treating delayed onset
muscle soreness.
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Fig 4.—Change in perceived soreness at rest with respect to treatment groups
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Habituation to the Perception of the
Qualities of Cold-Induced Pain
Christopher D. Ingersoll, PhD, ATC
Brent C. Mangus, EdD, ATC
ABSTRACT: This study was conducted in
order to measure the reported pain caused
by cold immersions over a 5-day period to
determine if habituation to the perception
of cold pain occurs. Numerous authors
have described a habituation phenomenon
to therapeutic ice bath immersions. Ath
letic trainers often explain to athletes that
their perceptions of the pain induced by a
therapeutic ice bath will decrease each day
as they proceed through therapy. Essen
tially, it is assumed that there is a habitua
tion to the perception of cold-induced pain
shortly after initiation of the treatment re
gime. The subjects were 22 male and fe
male college students who had limited ex
perience with cold immersion. The sub
jects' right feet and ankles were immersed
in an ice bath for 21 minutes on 5 consecu
tive days followed by a 21-minute recovery
period. The McGill Pain Questionnaire
(MPQ) was used to measure pain during
the immersions. Sensory, affective, evalua
tive, and miscellaneous qualities of pain
were determined from the MPQ. During
the testing session, each subject completed
the MPQ 30 seconds following immersion
and then every 3 minutes until completion
of the test. Repeated measures analyses of
variance (ANOVAs) adjusted according to
the Bonferroni correction revealed no sig
nificant differences for any of the qualities
of pain over a 5-day period. The subjects'
perception of cold-induced pain did appear
to decrease during the immersion and there
was a trend towards decreasing pain dur
ing dayfive, but a habituation effectwas not
documented in this study.

N

umerous authors (2,14,15,16,21)have
described a habituation to cold pain.
Pain measures used for these experiments
have been primarily focused on the intensity of pain (1,2,7,25). Only Strempel (23,24)
examined different qualities of pain associated with cold.
The purpose of our study was to measure the qualities of cold-induced pain (using the McGill Pain Questionnaire (MPQ))
over a 5-day period to determine if habituation to the perception of the qualities of
cold-induced pain occurs.

Methods

Informed consent was obtained from
28 volunteers (13 males, 15 females, age =
212 ± 4.0 yr, ht=68.3 ± 4.0 in, wt = 152.1 ±
32.6 Ib) from the student body of the University of Nevada at Las Vegas. Subjects were
excluded from the study if they were hypersensitive to cold, had known peripheral
vascular disease, or had impaired sensation
of the lower extremities. Subjects were told
that they were free to withdraw from the
study at any time without prejudice.
A modified version of the MPQ (18)
was used to measure the pain experience.
The modification replaced the word "pain"
with the word "sensation" (13). The MPQ is
a valid (3) and sensitive (13) instrument.
The MPQ (Fig 1) consists of 76 pain
descriptors arranged into 20 categories. The
words in each category appear to be synonymous, but are arranged in order of increasing severity. The pain experience is
divided into four major classifications: sensory pain, represented by the categories
numbered 1 through 10; affective pain, represented by the categories numbered 11
Christopher Ingersoll is affiliatedwith through 15; evaluative pain, represented by
the Sports Injury Research Laboratory in the category numbered 16; and miscellathe PhysicalEducationDepartment ofIndi neous pain, represented by the categories
ana State University in Terre Haute, IN.
numbered 17 through 20. Upon completion
Brent Mangus is the director of the
of the questionnaire, scores representing
Sports Injury Research Center with the
sensory, affective, evaluative, and miscelDepartment of Health Education & Sports laneous pain were derived. Scores were
Injury Management at the University of calculated by adding the sequence number
Nevada at Las Vegas.
of each item in each category (eg, "throb-
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bing" wouldhave a value of 4 in category 1,
"miserable" would have a value of 3 in
category 16, etc), then dividing by the total
number possible for each component of
pain. This provided a common scale among
all qualities of pain, a percent of the maximum possible score.
When administering the MPQ, subjects were told to choose one word from
each category and to choose a word from
that category only if it described their current sensation. Multiple selections from the
same category were disallowed.
Prior to testing, subjects read the MPQ
in order to become familiar with the descriptors before the actual test. Once the
subjects were acquainted with the instrument and could verbally explain the proper
procedure for completing the form, testing
commenced.
First, we read the instructions to the
subjects and answered any questions that
they had. Then, subjects were instructed
to immerse their right feet and ankles into
the ice bath and were told not to remove
them during the 21 minutes of immersion.
Thirty seconds after immersion, subjects
were instructed to fill out their MPQ. The
questionnaires were then completed 3
minutes afterthe initial immersion, 6 minutes after the initial immersion, etc, up to
21 minutes. The feet were then removed
from the ice bath. The subjects were allowed to dry their feet and ankles, but
were not permitted to leave their seats. In
order to examine a recovery period, the
sequence of filling out the MPQs was continued every 3 minutes until 42 minutes had
elapsed from the initial immersion.
Water temperature at the beginning of
the test was 2°C (±1°C). No attempt was
made to control water temperature; we
wanted to simulate a clinical protocol. A
standard 20-gallon cooler was used as the
ice water container. Room temperature was
kept constant at 25°C.
Each subject repeated the protocol
on 5 consecutive days at the same time
each day.
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Someofthe words below describe your presentsensations.CircleONLYthose words
that best describe it. Leave out any category that is not suitable. Use only a single word
in each appropriate category—the one that best applies.
1
Flickering
Quivering
Pulsing
Throbbing
Beating
Pounding
2
Jumping
Flashing
Shooting

3
Prickling
Boring
Drilling
Stabbing
4
Sharp
Cutting
Lacerating

5
Pinching
Pressing
Gnawing
Cramping
Crushing

11
Tiring
Exhausting

6
Tugging
Pulling
Wrenching

12
Sickening
Suffocating

7
Hot
Burning
Scalding
Searing

13
Fearful
Frightful
Terrifying

8
Tingling
Itchy
Smarting
Stinging

14
Punishing
Grueling
Cruel
Vicious
Killing

9
Dull
Sore
Hurting
Aching
Heavy

15
Wretched
Blinding

17
Spreading
Radiating
Penetrating
Piercing
18
Tight
Numb
Drawing
Squeezing
Tearing
19
Cool
Cold
Freezing
20
Nagging
Nauseating
Agonizing
Dreadful
Torturing

16
Annoying
Troublesome
Miserable
Intense
Unbearable

10
Tender
Taut
Rasping

Fig 1 .—The McGill Pain Questionnaire - Categories 1 to 10 represent sensory components of pain,
categories 11 to 15 represent affective components of pain, category 16 represents pain intensity,
and categories 17 to 20 represent combination terms (ie, involving two or more types of pain).

Sensory, affective, evaluative, and
miscellaneous pain were analyzed using a
repeated-measures one way analysis ofvariance (ANOVA). Data were tested at the p
= .0125 level. A Bonferroni correction of an
overall p = .05 with four dependent measures (d=a/c).

Results
Twenty-two of the original 28 subjects
completed the testing. Five subjects withdrew from the study during the first 9 minutes of immersion on day one. One subject
did not complete the testing because he had
dental surgery prior to day five.
No significant differences were found
for sensory (F(4,84) = 2.01, p = .10), affective (F(4,84) = 2.73, p = .035), evaluative
(F(4,84) = 2.13, p = .084), or miscellaneous
(F(4,84) = .41, p = .80) pain during the 5
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days of testing (Fig 2).

Discussion
Glaser et al (6) defined habitation as
"... a process of... accustoming" that"..
. depends on the mind, that is reversible, and
that may involve the diminution of normal
response or sensation." Habituation is considered a function of the central nervous
system (CNS) in which a threshold is altered to an unchanging peripheral input
(21). Previous studies of cold-induced pain
(1,2,15,16,23,24,26) haveindicated that pain
is one of the normal sensations that undergoes CNS habitation. These studies have
reported habituation to cold-induced pain
in terms of physiological variables such as
adecreased sympathetic response, enhanced
vagal response, increased catecholamine
levels, decreased vasospasm, or in terms of
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improved cognition, neuromuscular
changes, or local temperature changes. Some
investigators (1,2,7,25) have examined a
pain measurement as an indication of habituation to cold-induced pain. The measurement of pain in these instances was the
intensity of the pain.
A precise definition of pain has not
been determined (19). We do know if pain
has a number of associated qualities.
Melzack and Torgerson (19) identified three
major qualities of pain and developed an
instrument, the MPQ, to measure these qualities. The qualities of pain identified were
sensory, affective, and evaluativepain. They
also described a fourth quality, miscellaneous pain, which includes terms that could
be listed in at least two of the three aforementioned categories.
The availability of an objective measurement of pain and recent clinical experiences caused us to question the existence of
habituation to the perception of cold-induced pain. This then prompted us to quantify the pain response during cold immersions.
There was not a conclusively documented habituation to the perception of
cold-induced pain over a 5-day period. Although a clinical protocol was followed as
closely as possible in this study, there was
one factor that was absent. This was the
instruction given to the athletes prior to
immersion. We did not tell our subjects
what they could reasonably expect to feel
during immersion (ie, we did not give them
sensory information). In a clinical protocol,
athletes are often informed about the types
of sensations that they may feel during the
immersion.
Sensory information provides a preview of the sensations that one will experience when exposed to the stressor, ie, cold
(17). Numerous authors (9-12,20,22,27)
have demonstrated that a reduction in emotional distress occurs when subjects are
given sensory information.
This reduction of emotional distress
has been accounted for by two hypotheses
(17). The first states that sensory information provides the subject with an accurate
comparison to use to check his or her own
experience. The elements of surprise and
uncertainty are eliminated and the subject
will feel that he or she has more control
over the situation (9). The second hypothesis states that sensory information
changes the way the noxious stimulus is
processed by the brain. The correctness of
the information is not as important as the
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Fig 2—Percentage of maximum possible score for each of the qualities of pain over a 5-day interval
types of descriptors used (4); although,
the persuasiveness of the directives may
be a factor (28).
In the clinical setting, habituation to
the perception of cold-induced pain may
indeed occur. Often, the athlete is presented
with the four classical sensations of cold:
pain, burning, aching, and analgesia or a
similar combination. Hence, the athlete has
been given sensory information about the
noxious stimulus that he or she is about to
experience. The emotional distress would
be reduced regardless of whether the information was accurate.
Our subjects were not given sensory
information directly. They did receive a list
of words to use to describe their sensations,
the MPQ, but were not told which ones
applied. The MPQ contains 76 words and it
would be nearly impossible for a subject to
think about all 76 words simultaneously.
Therefore, the feeling of uncertainty was
not alleviated and the processing of the
stimulus was not altered.
One could argue that after the first
immersion the subject would have experienced the stimulus and thus would have
developed his or her own sensory information from the experience. This is probably
true. However, the sensory information
they developed most likely stressed the
negative components of the experience.
Epstein (5) demonstrated that distress is
not diminished if the stimulus is expected
to be of great magnitude. Our subjects may
have developed sensory information that
emphasized pain or used the terms selected
during the first immersion as their sensory
information.
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The increase in evaluative pain from
day one to day two is consistent with
Epstein's (5) idea. One would expect affective pain to increase as well if the subject
was dwelling on the negative aspects of the
experience.
Another possible explanation for the
absence of habituation is that the subjects
didnothave apainful condition prior to cold
exposure (eg, sprained ankle). Perhaps the
presence of pain in an injured body part has
an effect on the perception of pain when the
part is cooled. In this case, the cold may act
as a counterirritant.
It is interesting to note that pain never
reached zero, even after 21 minutes of
rewarming. This is contrary to what we tell
athletes. Typically, we explain that the athlete will achieve analgesia, an inability to
feel pain, sometime during the cold immersion. It is clear that this does not occur. In
fact, only one subject reported no pain during testing. This report of analgesia occurred during minute 36 of testing, but pain
promptly returned during the final 6 minutes of the test. The term hypalgesia has
been suggested to describe a decrease, but
not absence, of cold-induced pain (8).
The results of this study indicate that
habituation to the perception of cold-induced pain does not occur. Further research
is needed to determine the effects of sensory information and a current painful condition on reported pain during cold immersions.
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Habituation to Cold-Pain During
Repeated Cryokinetic Sessions
Karen Wilcox Carman, MA, ATC
Kenneth L. Knight, PhD, ATC
ABSTRACT: Clinicians claim that patients
habituate to cold-induced pain during
cryokinetic treatments, but this has not
heretofore been tested. We treated the
right ankle of38 subjects with a simulated
cryokinetic treatment daily for 8 days us
ing either 1° or 5°C water. On days 9 and
10, the right ankle was treated with the
opposite temperature and the opposite
ankle (left) was treated with the habituation temperature. Cold-induced pain was
recorded five times each day (after each
ice immersion bout) using Borg's Per
ceived Pain Scale and the McGill Pain
Questionnaire. There was a sharp de
crease in pain from days 1 through 5, but
no difference between days 5 through 8.
Pain during bout one was significantly
greater than the following four bouts for
all days except day 1. Location of pain
changed between days but not between
bouts. The instep was the most frequent
location of pain for the first 3 days. The
choice of "no specific location" increased
steadily from day 2 to 8. The number of
descriptor terms chosen on the McGill
Pain Questionnaire decreased from day 1
to day 8. Exceptions to this were the terms
cool, cold, freezing, and numb. Common
terms chosen on days 1 through 3 were
throbbing, sharp, burning, tingling, hurt
ing, and nagging. On days 9 and 10, pain
in the opposite (left) limb was greater than
pain at the end of right limb habituation,
but similar to day 1 of habituation. Right
limb immersion with a lower temperature
resulted in greater pain than that per
ceived on day 8. Daily repeated cryokinetic
treatments are sufficient to produce haKaren Carman teaches at Portland
Community College and is anathletic trainer
atNewberg High School in Newberg, OR.
Ken Knight is a professor at Indiana
State University and director of the Sports
Injury Research Laboratory in Terre
Haute, IN.

bituation to cold-induced pain, Habitua
tion was specific to the limb treated and
temperature of habituation; thus, we con
clude it is primarily physiological with
some psychological influence. Athletic
trainers are justified in telling patients
who are undergoing ice water immersion
that the cold pain will diminish with re
peated applications.

C

Previous research of adaptation indicates that cold-induced pain occurs only in
water of 1 8°C or less (15), and is specific to
the temperature exposed to or warmer (15)
and to the body part treated (1,15). But
these conclusions are based on non-therapeutic applications of cold.
The questions addressed by this study
were: Does the body habituate to repeated
therapeutic cold applications so pain is
reduced? If so, is the habituation specific
to the body part and temperature used during habituation?

ryokinetics is a popular treatment for
acute ligament sprains. It involves an
initial 20-minute cold application followed
by four periods of 3 to 5 minute cold Methodology
applications interspersed with 2 to 3 minThirty-eight subjects (Age= 19.7±1.5,
utes of active exercise (7). The cold appli- Males [ht = 71.3±2.9 in, wt = 175.9±37.5
cations decrease injury pain so that active Ib] Females [ht = 62.9±3.8 in, wt =
exercise within a normal range of motion 123.7±15.2 Ib]) underwent 9 days of
can begin quickly after the initial injury, cryokinetic treatments to theright ankle and
and rehabilitation is completed more 1 day to the left ankle. Five times during
quickly (7). One problem with cry okinetics each session they recorded pain sensation
is that the cold causes substantial pain using the McGill Pain Questionnaire (10)
before it moderates the injury pain (7). and Borg's Perceived Pain Scale (2).
Clinicians who use cryokinetics claim that
Informed consent was obtained from
the body quickly adapts to the cold applica- volunteers with no history of injury during
tion, and cold-pain is not a problem after the past 12 months.
one to two treatments (7).
Twelve subjects were randomly asThe belief that adaptation occurs dur- signed to each of four groups, but only 38
ing cryokinetics is based on clinical expe- continued past the first day: 11 in one
rience and indirectresearchinvolving short- group and 9 in the other three groups.
term cold applications to the fingers and Groups 1OT and 1OA received
face (1,9,15) and single daily applications cryokinetics for 8 days with 1°C water;
(1,6,15). The only attempt to evaluate groups 2OT and 2OA with 5°C water, all to
adaptation during a therapeutic application the right ankle. (See Table 1 for explanaof cold reported no decrease in pain during tion of group names.) On day 9, the right
a20-minute application, but some decrease ankles of groups 1OT and 2OT were treated
(habituation) after 5 days (6). The method- with the opposite temperature while the
ology in that study, however, did not in- left (opposite) ankles of groups 1OA and
volve clinical conditions. For instance, 2O A were treated with the group ' s original
during ice immersion subjects were di- temperature. On day 10, groups 1OT and
rected towards thinking about their pain, 2OT received the left ankle treatment at the
whereas during cryokinetics clinicians try selected temperature and groups 1OA and
to redirect patients ' attention from the pain. 2OA received the opposite temperature
Also, cold application was a single 21- treatment to the right ankle.
minute cold application rather than a full
Cryokinetic sessions consisted of five
cryokinetic treatment involving 4 to 6 cold bouts of cold immersion with exercise folapplications during each treatment session. lowing each. The first cold immersion
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jumping. The early days included the less
strenuous exercises, and, as the days passed,
the exercise became more strenuous.
DAYS
Pain was measured by the McGill
1-8
10
9
N
GROUP
Parn Questionnaire (8) and Borg's PerTemp/Extremity Temp/Extremity Temp/Extremity
ceived Pain Scale (2). The McGill Pain
e includes three parts: locaQuestionnair
1°C/Left
5°C/Right
1 0C/Right
9
ior
and duration. Location of
description,
tion,
10A**
5°C/Right
1 0C/Left
1 0C/Right
9
from two drawings of
determined
was
pain
20T*
5°C/Left
1 0C/Right
5°C/Right
9
(labeled "inside of
foot
and
leg
lower
the
20A**
1 0C/Right
5°C/Left
5°C/Right
11
foot" and "outside of foot"). Subjects
circled on the drawing the area correspond*0pposite temperature on day 9; opposite ankle on day 10
to their greatest pain.
ing
"Opposite ankle on day 9; opposite temperature on day 1 0
Description of pain involved subjects
that described what their
lasted 20 minutes; the remaining four were or 5°C. The water was stirred every 3 to 5 choosing words
pain felt like. The questionnaire contained
5 minutes each. Subjects wore toe caps minutes during immersion bouts.
Each exercise bout lasted 3 minutes. 20 sets of words with two to five words per
(1 1,14) during cold immersion, which was
total)1 . For instance, the
in one of two 50 gal hog troughs, large All subjects followed the same prescribed set (77 words
enough for 8 subjects to sit around. The exercise progression (Table 2). Exercises
troughs were partially filled with water. consisted of activerange of motion, stretch- 1 See page 220 of this issue for a copy of this portion of the
McGill Pain Questionnaire.
Ice was then added to cool the water to 1°C ing, walking, jogging, sprinting, hopping, and
Table 1 —Limb and Temperature Assignments for Subjects

Table 2.—Daily Exercise Progression for Simulated Cryokinetics, using Exercise as Described by Knight (7)
The number in parenthesis indicates time (minutes: seconds).

DAY 6 BOUTS

DAY 1 BOUTS

1st:
2nd:
3rd:
4th:
5th:

active ROM (3:00)
active ROM (1:00), standing on both feet (2:00)
standing on both feet shifting weight (3:00)
weight bearing (2:00), toe raises (2 x 15 times, apx 1 :00)
shifting weight (1:00), weight bearing (1 :00), toe raises (2x15, apx
1:00)

DAY 2 BOUTS

1st: heel cord stretch (1:00), walk small steps (2:00)
2nd: walk small steps (1 :30), walk medium steps (1:30)
3rd: walk medium steps (3:00)
4th: walk medium steps (1:00), walk large steps (2;00)
5th: walk large steps (3:00)
DAY 3 BOUTS

1st: heel cord stretch (1:00), walk large steps (2:00)
2nd: walk large steps (1:00), walk lazy S's (2:00)
3rd: walk lazy S's (1:30), walk lazy Z's (1 :30)
4th: walk smaller figure eights (2:00), walk sharper Z's (1:00)
5th: walk figure eights (1:00), walk sharp Z's, cutting (2:00)
DAY 4 BOUTS

1st: heel cord stretch (1:00), walk lazy S's (1:00), walk lazy Z's (1:00)
2nd: walk sharp Z's (1:00), walk small figure eights (2:00)
3rd: walk with faster pace straight (1:00), jogging straight (2:00)
4th: jogging straight (2:00), jogging with lazy S's (1 :00)
5th: jogging straight (1:00), jogging with lazy S's (2:00)
DAY 5 BOUTS

1st: heel cord stretch (1 :00), jogging straight (2:00)
2nd: jogging lazy S's (1:30), jogging lazy Z's (1:30)
3rd: jogging sharper Z's (2:00), jogging figure eights (1:00)
4th: jogging sharp Z's (1:00), jogging figure eights (2:00)
5th: jogging smaller figure eights (3:00)
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1st: heel cord stretch (1:00), jogging lazy S's (1:00), jogging lazy Z's
(1:00)
2nd: jogging sharp Z's (1 :30), jogging figure eights (1 :30)
3rd: jogging figure eights (2:00), sprinting 5-10 yards with slow start and
stop (1:00)
4th: sprinting 5-10 yards with slow starts and stops (2:00), jogging small
figure eights (1:00)
5th: sprinting 5- 1 0yards with slow starts and stops ( 1 :30) .medium speed
lazy S's (1:30)
DAY 7/9 BOUTS

1st: heel cord stretch (1:00), jogging lazy S's (0:30), jogging lazy Z's
(0:30), medium speed straight running (1:00)
2nd: sprinting 5-10 yards with slow starts and stops (3:00)
3rd: sprinting 5-10 yards with quicker starts and stops (3:00)
4th: sprinting 5-10 yards with quick starts and stops (3:00)
5th: hopping (0:30), defensive slide (1:00), hopping (0:30), defensive
slide (1:00)
DAY 8/10 BOUTS

1st: heel cord stretching (1:00), medium running straight ahead (2:00)
2nd: sprinting 5- 10yards with slow starts and stops (1:00), sprinting 5-10
yards with quick starts and stops (2:00)
3rd: hopping (0:30), defensive slide (1 :00), deep bending jumps (2x10,
apx :45), defensive slide (0:45)
4th: sprinting lazy S's (1:00), sprinting lazy Z's (1:00), sprinting with turns
(1:00)
5th: sprinting with cutting (1:00), defensive slide (1:00), sprinting with
cutting (1:00)
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words of category 16 were: "annoying,
troublesome, miserable, intense, unbearable." The instructions were "Some of the
words below may describe your pain. Circle
only those words that best describe it. Leave
out any category that is not suitable. Use
only a single word in each appropriate
category the one that applies best."
Description of painis scored two ways:
The total number of words chosen (NWC)
is counted and the numeric value of the
chosen words (each word of each category
has a numeric value) is summed to give a
numeric value to each session.
Duration of pain was measured, similar to description of pain except there were
only three categories of words, each with
three terms. Borg's scale measures perceived pain intensity and is based on a 10
point scale (0 = no pain, 10 = near maximal
pain). Subjects chose a number on the
scale that represented their perceived pain
intensity.
During an orientation session, prior to
testing, subjects became acquainted with
both pain scales by reading the scales and
asking and answering questions about
them.
Five treatments were given during each
of 2 consecutive weeks. Most were administered Monday through Friday, but subjects who missed a treatment during the
week made it up during the weekend. Subjects chose one of five time slots during the
day to receive treatments, but were required to come at the same time of day for
all treatments and testing throughout the
project. Six to ten subjects were treated
simultaneously during each of the time
slots.
During treatments, subjects were encouraged to read, study, or converse with
others in the lab about anything but the pain
they were feeling. With 2 minutes remaining in each cold application subjects were
asked to complete the questionnaires.
Means, standard deviations, and
Pearsonproductmomentcorrelationswere
computed and data were analyzed with
two-way and one-way ANOVAs, t-tests,
and Duncan post hoc tests using SPSSX on
a Vax computer. A Bonferoni correction
for multiple univariate tests required that
the alpha level be adjusted from .05 to .006.

Results
Perceived pain decreased between
days and bouts as measured by both McGill
and Borg Pain Scales (Table 3). Although
there was only a moderate correlation be226
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Table 3.—Perceived Pain Scores by Day and by Bout from both Borg and McGill Scales
(Means+Standard Deviations of scores from 38 subjects)
Immersion

Day

Borg Scale
4.1±2.2
1
2
3
4
5
6
7
8

4.3+2.2
4.3±2.6
3.9±2.4
2.9±1.9
3.0±2.4
3.0±2.2
2.7+2.2

4.2+2.0
3.9+1.9
3.5±2.4
3.2±1.8
2.4+1.7
2.1+1.8
1.9±1.6
1.9±1.7

4.7±2.1
3.6+2.1
3.2+2.4
2.8±1.8
2.0±1.7
2.0±2.1
1.7±1.7
1.8+1.9

4.4+2.7
3.6+2.3
3.8±2.9
2.6+2.1
1.9±1.8
1.9+1.8
1.4+1.7
1.5±1.7

4.6±3.1
3.7±2.7
3.3±3.0
2.1±1.9
1.7+1.8
1.5±1.7
1.3±1.8
1.3±1.8

LT
HT
OF

4.5±3.0
3.3+2.0
6.2+2.8

3.4+2.8
2.8±2.0
4.7±2.5

3.2+2.7
2.5±2.4
4.3+2.6

2.1+1.9
2.4+2.0
4.1+2.8

1.7±1.5
1.9±2.1
3.9±2.8

23.5±15.3
18.3±16.3
15.8±15.0
11.3±13.3
8.1±9.6
7.6±8.0
6.4+9.4
6.2±8.4

24.4±16.2
19.6±17.0
15.7±16.1
10.6±12.5
7.6+10.3
7.7+9.4
5.4+10.9
5.7+7.5

24.2±18.9
18.5±15.9
13.4+13.7
8.4±9.7
7.8±11.7
6.4±8.8
5.4±9.9
5.2±7.6

10.0+16.7
8.6±10.1
14.7+16.8

5.7+17.6
6.9±7.2
14.8+17.4

5.0±4.9
7.9±10.5
15.3±17.7

McGill Scale
24.3±13.4
1
21.7±15.2
2
18.6±15.4
3
14.8+13.5
4
9.4+9.8
5
6
7
8

10.0±10.8
8.8+12.3
9.4+12.2

23.6±14.6
9.7±15.6
15.3+13.7
12.0±14.2
7.9±8.3
8.2+9.7
7.8±10.1
6.2±9.1

LT
HT
OF

14.7+16.1
13.3+14.1
20.5+16.5

10.2±15.2
7.2±9.2
14.4+16.5

LT=Water temperature lowered from 5°C to 1°C
HT=Water temperature increased from 1°C to 5°C
OF=Opposite (left) ankle used
tween the Borg and McGill scores (r=.66),
the results of the ANOVA and post hoc
tests on the two sets of data were almost
identical. Therefore, unless otherwise indicated, the statistical analysis results reported hereafter are from the Borg data.
It appears that most of the changes in
pain occurred during the first 5 days (Fig
1). Pain was significantly greater on day
lthandays2through8(F(7,1512) = 41.6,
p<.001, Duncan < .05). There were also
significant differences between days 3
and 4 and between days 4 and 5 (Duncan
< .05). The differences between days 2
and 3 and between days 5 through 8 were
not significant. A response of "0 or nothing at all" on the Borg scale was very
common on days 5 through 8, indicating
no further habituation.
There was an overall bout-to-bout
decrease in pain (F(4,1895)=16.3,p<.001).
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Pain during bout one was significantly
greater than all other bouts on days 2
through 8 (Duncan < .05). On day 1 the
pain during bout one was not greater than
other bouts that day. There were pain
decreases from bouts one to five on days 2
through 8.
Subjects treated with 1°C water experienced greater pain than subjects treated
with 5°C water during habituation (t( 1898)
= 10.93, p<.001).
Location and Terms Chosen During
Habituation
Location of pain changed between
days, but not among bouts. The instep was
the most frequent location of pain for the
first 3 days. (Of a possible 190 choices
38 subjects x 5 bouts the instep was chosen 42-50 times/day.) No specific location
(21-43 choices/day), heel (31-36 choices/
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Fig 1.—Perceived pain intensity during the five bouts of the 10 days of simulated cryokinetics
Subjects were habituated for the first 8 days at either 1 °C or 5°C (data combined). On days 9 & 10
treatments were to the opposite left ankle (OA) or to the right ankle at the opposite temperature
(HT=higher temperature, habituated at 1°C then tested at 5°C; LT=lower temperature, habituated
at 5°C then tested at 1°C).
day), and arch (24-44 choices/day) were
also common choices for the first 3 days.
The frequency of no specific location
steadily increased from day 2 (21 choices)
to day 8 (108 choices). Other than no
specific location, choices were evenly distributed betweenmalleolus (7-26 choices),
heel (28-35 choices), arch (11-23 choices),
and instep (18-34 choices) on days 4 through
7.
The total number of pain descriptor
terms chosen (NWC) on the McGill Questionnaire decreased from day 1 to day 8.
On day 1 the number of no descriptors
chosen for McGill descriptor groups averaged from 60 to 80 choices/day, and by day
8 averaged from 100 to 170 choices/day
per group. Groups 18 and 19 of the McGill
Pain Questionnaire were exceptions. The
term "numb" was included in group 18 and
was a frequent choice throughout the testing, averaging 70 choices/day. Group 19
was composed of cool, cold, and freezing,
which were also frequently chosen throughout the experiment, averaging between 20
to 60 choices/day. Terms chosenfrequently
on the first 3 days were throbbing, shooting, sharp, burning, tingling, hurting, annoying, numb, freezing, and nagging. On
days 4 through 8, a small number of responses were distributed evenly between
descriptors while the majority chose no
response.
228
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Post Habituation Testing
During post habitation testing (days
9 and 10) pain elicited during immersion of
the opposite (left) limb at the same temperature and in the habituated (right) limb
during immersion at the opposite temperature was different than pain on days 1 and
8. Pain in the opposite limb was significantly greater than day 8 pain (F(2,567) =
80.3, p<.001, Duncan < .05). Pain in the
two limbs on their respective first day of
cold immersion (ie, day 1 for right, day 9 or
10 for left) was similar according to the
Borg scale but less in the left ankle according to the McGill Pain Questionnaire
(F(2,567) = 70.5,p<.001).
Pain in the opposite limb during bout
one was greater than during bouts two
through five (Duncan < .05), but there was
no difference between bouts two through
five (Duncan < .05). Pain in the opposite
limb during the first bout was also greater
than pain in the right limb during the first
bout on the first day (Duncan < .05).
Following habituation, application in
lower temperature water resulted in pain
similar to day 1 and greater pain than day 8
(F(2,467) = 61.6, jx.OOl, Duncan < .05).
Pain during bout one was greater than pain
during bouts four and five (Duncan < .05)
and greater than pain during bout one of
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day 1. Although the initial pain during the
temperature decrease was greater, pain
during bouts 2 through 5 decreased rapidly, indicating a more rapid habituation.
Following habituation, pain during
immersion in increased temperature was
significantly less than on day 1
(F(2,467)=69.9, p<.001, Duncan < .05),
but not different than day 8. Pain during
bouts were not different from one another
(Duncan < .05).
"No specific location" was the most
commonly chosen location of pain during
posthabituation tests (28-54 choices/day).
Heel, malleolus, and instep were common
choices for the treatment of the opposite
limb (heel 23 choices/day, malleolus 27
choices/day, instep 58 choices/day). Location was evenly dispersed between instep,
heel, and malleolus for treatment at the different temperatures (instep 14-24 choices/day,
heel 12-18 choices/day, malleolus lOchoices/
day). A slight correlation was noted between location of pain and McGill scores
(r=.28, p<.001) and location of pain and
Borg scores (r=.34, p<.001).
Following habituation, the NWC on
the McGill Pain Questionnaire increased
for the opposite limb pain and remained
constant for temperature changes. Commonly chosen terms for pain in the opposite limb were throbbing, shooting, sharp,
burning, tingling, hurting, sore, numb, and
freezing.

Discussion

Our data on normal subjects support
the clinical impression that pain decreases
with repeated cold applications during
cryokinetics (7) and adds to our understanding of habituation from previous studies involving short-term cold immersion
(6) and in other body parts (15). Clinicians
appear to be justified in telling patients that
their pain will decrease with repeated cold
applications, although we still must find
out what effect injury-induced pain has on
this process.
Ingersoll andMangus (6) reported little
habituation after 5 days of 21-minute ice
immersions. Their approach was more of
a basic science approach, while ours was
more clinically oriented. Specifically: 1)
their subjects received only single daily
applications over 5 days while our subjects
received five applications each day for 8
days; 2) their subjects were in isolation and
could not talk to anyone, while ours were in
groups and were encouraged to visit with
each other; 3) their subjects completed the
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The specificity of location of pain cessive cold immersions during
McGill Pain Questionnaire every 3 minutes, which may have drawn their attention decreased along with pain from day 1 to 8. cryokinetics.
The term "numbness" was as comto the pain while our subjects completed As pain decreased, more and more subjects
during bouts two through five as durmon
the questionnaire only once during each chose no specific site of pain. This adds to
one. This indicates that an initial
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ing
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pain are separate sensations
and
cold
that
of daily, 20-minute cold exposure. They satisfactory in keeping the toes warm and
noted that during the month pain related to comfortable during ice immersion. These (5,8).
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cold exposure began to decrease and fi- data confirm that impression; our subjects
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stand the discrepancy between subjects' ver- cation period. The tingling sensation may
KB. Human thermoregulatory responses to cold air are
altered by repeated cold water immersion. / Appl
be related to the rewarming between sucbal and written responses.
Physiol. 1986; 60: 1542-1548.
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Sensory Perception of the Foot and Ankle
Following Therapeutic Applications of
Heat and Cold
Christopher D. Ingersoll, PhD, ATC
Kenneth L. Knight, PhD, ATC
Mark A. Merrick, BS
ABSTRACT: Many athletes are treatedwith
hot and cold modalities prior to therapeutic
exercise, but the effects of these treatments
on sensory perception are not clear. The
purpose of this study was to examine the
effects of hot and cold treatments on sen
sory perception. We recruited 21 volunteer
subjects, who reported for testing on three
separate occasions. One of three treat
ments was applied to the left ankle andfoot
each day for 20 minutes: cold immersion,
hot immersion, or quiet sitting (control).
Three variables were measured following
treatment: topagnosis, two-point discrimi
nation, and one-legged balance. We as
signed treatments and the testing order
according to a Greco Latin square. Data
were analyzed using a multivariate analy
sis of variance (MANOVA). No significant
differences were detected for the three de
pendent measures, suggesting that thera
peutic applications of heat and cold do not
affect sensory perception. These findings
indicate that heat and cold applications can
be used prior to therapeutic exercise pro
grams without interfering with normal sen
sory perception as do other analgesic and
anesthetic agents. For example, the
hypalgesic effect of cold, which is essential
to cry okine tics, can be realizedwithoutfear
of altered sensory perception.

M

any athletes are treated with hot and
cold modalities prior to therapeutic
exercise, but the effects of these treatments
on sensory perception are not clear. If sensory perception is altered following therapeutic applications of heat or cold, it is
possible that the athlete will reinforce neuChris Ingersoll is an assistant professor, Ken
Knight a professor, and Mark Merrick a graduate
assistant in the Physical Education Department at
Indiana State University in Terre Haute, IN.

ral pathways that are not sport specific and
therefore counterproductive to progress in
the rehabilitation program. The purpose of
this study was to examine the effects of hot
and cold treatments on sensory perception.

Methods

Subjects
We obtained informed consent from
21 volunteer subjects who had no previous
ankle injuries. We recruited them from the
student body at Indiana State University in
Terre Haute, Lid.
Protocol
Subjects reported to the Sports Injury
Research Laboratory on three separate occasions. Each session commenced with
application of the treatment: cold immersion, hot immersion, or quiet sitting (control). Hot and cold treatments involved immersing the right foot and ankle above the
malleoli for 20 minutes per session. Water
temperature upon immersion was 1°C for
the cold treatment and 40°C for the hot
treatment. We made no attempt to maintain
water temperature throughout immersion.
Our reasoning was that we wanted to simulate a clinical protocol.
Following treatment, werecorded three
dependent measures: topagnosis, two-point
discrimination, and postural balance. We
made measurements on both the treated
foot and the contralateral foot.
We measured topagnosis by blindfolding the subject, touching the sole of his or her
foot with amarker, giving the subject amarker,
and asking him or her to use the marker to point
to thespotwherehe or she was touched (Fig 1).
Weused the distance betweenthemarks as the
measure for topagnosis.
We determined two-point discrimination by using thirteen styrofoam blocks that
were covered with athletic tape, with one or
Volume 27 •
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Fig 1 .—Topagnosis measurement

two thumbtack points protruding from the
surface of the block through the tape. Five
blocks had one tack and eight blocks had
two tacks. The tacks of the two-point blocks
wereplacedatO.5,1.0,1.5,2.0,2.5,3.0,3.5,
and4.0 cm apart. During testing, we pressed
the block against the sole of the foot and
asked the subject to determine if the block
had one or two pins (Fig 2). The pins did not
penetrate the skin. We attempted to apply

Kl

Fig 2.—Two-point discrimination measurement
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uniform pressure throughout testing. A sensitivity score (S) was calculated to determine two-point discrimination: S = (1C (1 CC) *)/(CC (1 - 1C)); 1C = incorrect responses, and CC = correct responses.
Postural balance was assessed using
a one-legged balance test (stork stand).
We instructed subjects to stand on one
foot with their hands on their hips and the
opposite foot tucked behind the knee of
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0.23 ±0.14
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Fig 4—Two-point discrimination sensitivity scores for cooling, heating, and no treatment
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1.1 ±0.79
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1.0 + 0.60
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o

0.7
0.60.50.4-

Fig 3— Balance measurement

0.3-

the supporting leg (Fig 3). The time the
subject maintained this posture was used
as the measure of balance. The test was
considered complete if the subjects: (1)
lifted their toes or heel off the ground, (2)
moved their arms away from their sides,
or (3) moved their unsupporting heel away
from the knee of the supporting leg.
Research Design and Statistical Analyses
The treatment and test orders were
arranged according to a Greco Latin
square. A repeated measures MANOVA
was used to determine if differences existed between linear combinations of the
dependent measures.

Results
There were no significant differences
(Wilk's Lambda (6,86) = 0.95, p = .89)
between the three therapeutic treatments
232
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0.20.1 •
0-

Control

Cold

Heat

Fig 5—Topagnosis distance scores for cooling, heating, and no treatment
for two-point discrimination (Fig 4),
topagnosis (Fig 5), or balance (Fig 6).

Discussion
Sensation can be divided into three
categories: superficial, deep, and combined.
Superficial sensation involves touch, pain,
temperature, and two-point discrimination.
Deep sensation is concerned with muscle
and joint position sense (proprioception),
deep muscle pain, and vibration sense.
Stereognosis (the recognition and naming
of familiar objects in the hand) and
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topagnosis involve both superficial and deep
sensory mechanisms (2). We evaluated each
sensory mechanism in our study: two-point
discrimination,representing superficial sensation; proprioception, representing deep
sensation; and topagnosis, representing
combined sensory mechanisms.
Because superficial and deep sensations
were not affected by cold or hot immersion,
use of the term anesthesia as an effect of
hot or cold modalities is inappropriate. There
is an exception, of course. Pain, which can be
a superficial or deep sensation, or both, is
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Fig 6—Balance scores for cooling, heating, and no treatment
influenced by hot and cold modalities. This touch receptors at the point of contact by the
decrease in pain has been called analgesia, two-point discrimination probe are stimualthough the term hypalgesia is probably a lated, while cooling the entire body part
more appropriate term (5).
stimulates numerous cold receptors over
Our findings are consistent with those of the surface area cooled and the touch recepLaRiviere & Ostemig (6), who found no dif- tors are only stimulated under the two-point
ference in ankle joint position sense with discrimination probes.
cooling. Their protocol differed from ours in
We conclude that the therapeutic apthat we used 1 °C ice immersion and they used plications of heat and cold used in this study
ice immersion at approximately 4°C. Also, do not affect sensory perception. Therefore,
their measure of sensory perception was dif- heat and cold applications to the foot and
ferent than ours. They used open kinetic chain ankle can be used prior to therapeutic exerjoint position sense, while we used closed cise programs without interfering with norkinetic chain proprioception (balance).
mal sensory perception as do other analgeCooling may affect proprioception in sic and anesthetic agents. For example, the
the same fashion as local anesthetics, which hypalgesic effect of cold, which is essential
do not alter proprioception (1,3,6). Since to cryokinetics, can be realized withoutfear
the entire leg was not cooled or heated, it is of altered sensory perception.
possible that at least a portion of the proprioceptive mechanisms controlling pos- References
ture were not affected. The source of pro- 1. Barrack RL, Skinner HB, Brunei ME, Haddad RJ.
Functional performance of the knee after
prioceptive input for posture maintenance
intraarticular anesthesia. Am J Sports Med. 1983;
may arise from afferent inputs from mechan11:258-261.
oreceptors in the ankles or the soles of the 2. Chusid JG. Correlative Neuroanatomy & Func
tional Neurology, 19th ed. Los Altos, Calif: Lange
feet, spindles in the leg muscles, or possibly
Medical Publications; 1985:222.
some other source-. This question has not 3. DeCarlo MS, Talbot RW. Evaluation of ankle joint
proprioception following injection of the anterior
been conclusively resolved (4). Certainly, a
talofibular ligament. / Orthop Sports Phys Ther.
portion of proprioceptive afferent signals
1986; 8:70-76.
were exposed to cooling or heating.
4.
Era P, Heikkinen E. Postural sway during standing
and unexpected disturbance of balance in random
While cooling or heating the body part
samples of men of different ages.JGerontol. 1985;
does not affect two-point discrimination,
40:287-295.
heating or cooling the caliper probes does 5. Ingersoll CD, Mangus BC. The sensations of cold
reexamined: a study using the McGill Pain Questionincrease two-point discrimination acuity on
naire. Athletic Training, JNATA. 1991; 26:240-245.
the forearm and palm which are at normal 6. LaRiviere JA.OstemigLR. The effect of iceimmersion on joint position sense. / Athletic Training.
skin temperatures (7). Altering probe tem1992; 27:136.
peratures appears to be unrelated to local 7. Stevens
JC. Temperature and two-point threshold.
cooling of an extremity. Only cold and
Somatosens Mot Res. 1989; 6:275-284.
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Nerve Injury in Athletes Caused by
Cryotherapy
Terry R. Malone, EdD, PT, ATC
David L. Engelhardt, ATC
John S. Kirkpatrick, MD
Frank H. Bassett, III, MD
ABSTRACT: Cryotherapy is a therapeutic
modality frequently used in the treatment
of athletic injuries. In very rare circum
stances, inappropriate use in some indi
viduals can lead to nerve injury resulting
in temporary or permanent disability of the
athlete. Six cases of cold-induced periph
eral nerve injury from 1988 to 1991 at the
Sports Medicine Center at Duke Univer
sity are reported. Although disability can
be severe and can render an athlete unable
to compete for several months, each of
these cases resolved spontaneously.
Whereas the application of this modality is
typically quite safe and beneficial, clini
cians must be aware of the location of
major peripheral nerves, the thickness of
the overlying subcutaneousfat, the method
of application (with inherent or additional
compression), the duration of tissue cool
ing, and the possible Cryotherapy sensibil
ity of some individuals.

T

he initial treatment of choice for
athletic injuries is almost always
some form of cryotherapy. Coaches, athletic trainers, and physicians treat a wide
variety of acute injuries with universally
Terry Malone is executive director of
sports medicine, associate professor of
physical therapy, and assistant professor
of surgery with the Division of
Orthopaedics at Duke University in
Durham, NC.
David Engelhardt is the head athletic
trainer at Duke University.
John Kirkpatrick is a resident in the
Department of Surgery, Division of
Orthopaedics at Duke University.
Frank Bassett is a professor of
orthopaedic surgery with the Department
of Surgery, Division of Orthopaedics at
Duke University.

good results (10). It appears that the vast
majority of individuals canbe treated safely
with cryotherapy modalities, because thousands of successful applications are performed in athletic training settings each
year throughout the world.
Although cryotherapy was initially
used empirically, the physiologic effects
of this treatment have been shown to be
beneficial (10). The most obvious physiologic effect is that of decreasing tissue
temperature. While superficial temperatures decrease extremely rapidly, deep
temperatures do not decrease as fast; but,
they do continue to decrease after the cold
modality is removed (9,16). It appears
that the decrease in tissue temperature is
intimately related to a circulatory response
(2,11). Although the circulatory response
is important, of primary importance may
be the decrease in metabolic activity seen
with tissue cooling (1,9,10,14). Local
effects also have been shown to effect
inflammation, spasticity, and the excitability of nerve endings, thus producing
an increased pain threshold (2,5,7-10).
Unfortunately, in very rare circumstances,
peripheral nerve injury can result from
improperly applied or excessively applied
cryotherapy (4,6,12).
In this paper, we present six cases of
peripheral nerve insult in athletes (mean
age = 22 yr ± 2 yr). The injuries of these
athletes were cryotherapy-induced and
were referred to the Duke University
Sports Medicine Center. It is interesting
to note that all were males actively participating in organized sports. Each had a
history of previous use of cryotherapy
without difficulty. Four of the subjects
were collegiate athletes, while the fifth
(two nerves) was a professional basketball player. The peripheral nerve injuries
included three peroneal nerves, two lateral femoral cutaneous nerves, and one
supraclavicular nerve.
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Case Reports
Case 1: A 22-year-old college football player injured his right knee during
practice. The athletic trainer evaluated
this individual and thought that the
neurovascular assessment was normal, but
that a second-degree sprain of the lateral
collateral ligament had occurred. A plastic ice bag (crushed ice in a gallon bag)
was applied and held in place on the
lateral aspect of the knee by an elastic
wrap. The athlete was removed from
practice and walked with crutches in a
partial weight bearing state. Approximately 30 minutes later, the ice bag was
removed, and a follow-up evaluation of
this athlete by the athletic trainer demonstrated a right peroneal palsy with decreased sensibility and motor weakness.
To evaluate the severity and neuromuscularresponse, an electromyography (EMG)
was performed at 4 weeks, which indicated axonotmesis (ie, nerve injury without severing the nerve). Six months
postinjury, this athlete had recovered sensation and motor function completely.
Cases 2 and 3: The day after a very
strenuous game in which he had played for
40 minutes, a 24-year-old professional basketball player underwent cryotherapy to
the lateral aspect of the left hip and the
lateral knee. These treatments involved
the application of a "crushed ice/water
bag" supported by elastic wraps for approximately 30 to 60 minutes. After the ice
bags were removed, numbness was noted
over the anterior lateral thigh and the dorsum of the foot. The athlete also noticed
his inability to control his foot (complete
footdrop). Clinical evaluation by the athletic trainer and the physician using a percussion test demonstrated acomplete peroneal nerve palsy at the level of the fibular
head, as well as decreased sensation of the
anterior lateral thigh and a sensory pattern
for the lateral femoral cutaneous nerve.
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This athlete was unable to participate in the
remainder of the professional season, but
did continue to improve. At 6 months, he
essentially had complete resolution of
symptoms. He played the next season
without problems.
Case 4: A 21-year-old collegiate
sprinter complained of pain over the anterior superior iliac spine after a track meet.
The following week (2 days postinjury) he
applied aplastic bag filled with crushed ice
to the area for 15 to 20 minutes once daily
for 5 days. The bag was "hand held" in
place during treatment. On Friday, he
began to note numbness over the lateral
aspect of the thigh. Evaluation by the team
physician revealed decreased sensation
over the distribution of the lateral femoral
cutaneous nerve and a positive percussion
test. Werecommended discontinuing cryotherapy. Symptoms completely resolved 4
days later.
Case 5: A 20-year-old defensive back
reported an area of decreased sensation
and paraesthesia over the anterior aspect of
the left shoulder. He had been ice massaging the shoulder for 10 minutes three times
daily for the past 3 days, because of generalized soreness; but, he denied any major
injury or trauma in the recent past. He
noted the decreased sensation following
cryotherapy the previous weekend. Examination demonstrated a decreased sensation to pinprick in the area extending
from the clavicle outward to the anterior
deltoid. He also had a positive Tinel's sign
over the base of the neck, which indicated
a compromised supraclavicular nerve. The
athlete demonstrated complete normal neurologic findings at a follow-up exam approximately 2 to 3 weeks following the
cessation of cryotherapy.
Case 6: A21-year-old college football
player injured thelateral aspect of his lower
leg/knee and received cryotherapy through
the application of an ice pack and an elastic
wrap for 30 minutes while in a long sitting
position. After that time, the patient noted
numbness over the dorsum of his foot. On
examination by the team physician, the
athlete revealed decreased sensation over
the dorsum of the foot and minor decreased
function of the great toe extensor and the
evertors of the foot (4/5 good rather than
normal grade). One hour later, his symptoms were resolved completely.
The application of ice with varying
levels of compression led to neurologic
compromise in the described subjects. The
duration of treatment was from 15 or 20 to
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60 minutes. The duration of disability
ranged from less than 1 hour to greater than
6 months; yet fortunately, all patients did
experience complete recovery.
These patients represent individuals
seen in our training room or seen by physicians at our Sports Medicine Clinic on a
referral basis from 1988 to 1991. As a
referral center, we treat many patients for
whom the general use of cryotherapy is
extremely safe. These six cases are representative of rare injuries.

Discussion
Several authors have delineated the
mechanism of injury to peripheral nerves
by cold application (3,13). Sunderland
(15) summarized the work of many in his
text and concluded the following:
1. Motor functi ons are affected first
and to a greater degree than sensory functions. This may be related to fiber size.
2. Different sensory modalities are
not affected equally or simultaneously.
3. If necrosis does not develop, rapid
restoration of function is seen as warming
occurs. It is interesting to note that, generally, sensory functions arenormalized prior
to motor functions.
4. There is tremendous variation in
the resistance of individuals' peripheral
nerves to injury from cryotherapy.
5. It appears that injury does not
result unless the peripheral nerve is cooled
below 10°C.
6. Cryotherapy can disturb function at temperatures above freezing. Total
motor/sensory loss can occur between 0°
and 5° C.
It is important to note that some of
Sunderland's conclusions were developed
as a result of dissected nerves being subjected to direct cold treatment using
noncompressive liquid or gas techniques.
This allows the collection of direct and
nonconfounded data, but also minimizes
the true effects of clinical application of
cryotherapy. Direct exposure of nerves
does not occur in the clinic, as multiple
overlying tissues intervene and respond
during the application of cryotherapy. Thus,
although the aforementioned studies outline indirect effects, we must be aware that
additional insulative factors are present in
the clinic.
All of the patients in this series were
relatively thin with very little subcutaneous fat. The majority of athletes, however,
probably have a level of subcutaneous fat
that adequately insulates peripheral nerves
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from cold injury. It is interesting to note
that we are aware of only one female crosscountry runner reported to have nerve injury, as reported in a conversation with
Randy Kegerreis and Laura Kegereis (October 1991). Thus, it is our opinion that the
insulating effect of skin and subcutaneous
fat, as well as the circulatory response to
the application of cold, minimizes the opportunity for damage in the vast maj ority of
athletes.
The experimental data (3,9,13) reported by others outline and explain the
clinical findings revealed by the patients in
our series. It is interesting to note that
although time did not appear to be a primary factor in the experimental studies, it
may be a more important factor in clinical
use, particularly when it is combined with
compression. The longer the cold is applied, the greater the opportunity for cooling the nerve below the critical threshold.
Experimental studies (3,13,15) have
described axonotmesis to the damaged
nerves. Electromyographic examination
in the peroneal nerve injury was consistent
with axonotmesis (Case 1) and the clinical
presentation of the severe injuries in our
series.

Clinical Relevance
The inappropriate, unmonitored application of cryotherapy to acute injuries
may cause disabling neuropathies in select
individuals. Fortunately, it appears that the
majority of patients obtain full recovery,
but the disability may be transient (less
than 3 days) or prolonged (up to 6 months).
We recommend that cryotherapy be restricted to relatively short time frames (approximately 20 minutes) in areas of the
body where peripheral nerves may be somewhat superficial, and that extreme care be
used in the application of compression
with the use of this modality in those patients who might be more susceptible or
reactive to cryotherapy (ie, application of
ice in an athlete who is thin and where
attenuation of the effects of cryotherapy
may develop).
Although it is obvious that compression can be applied by an elastic bandage,
it also is important to remember that pressure from the cold modality by the weight
of the affected body part or a heavy ice bag
may produce unwanted compressive forces.
Many questions remain regarding the
combination of cryotherapy and compression. Fortunately, patients can be assured
that this condition is temporary, but interim

care may require the restriction of activities that would place the patient at risk (ie,
ankle injury from weak peroneal muscles,
abnormal responses, etc). This article is
not an attempt to discourage the use of
cryotherapy, but rather to encourage the
athletic trainer to be more attuned to cases
in which the application may require additional care.
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answer the test questions. Mark your answer by circling the correct letter. Then fill
in your name, address, and other informa-

tion and mail with $ 15 for processing to the
address on the next page. FOR CREDIT,
the form must reach Indiana State Uni
versity by November 30,1992.
A passing score is 70%. We will
notify the NATA Board of Certification of
all persons who score 70% or better, and
the NATA will enter .5 CEU credit on
those persons' records. Participation is
confidential.

Answers to Spring CEU Credit Quiz
Volume 27, Number 1
1. e
2. e

3. e
4. d

5. d
6. e

7. b 9. a
8. e 10. d

Answers to Summer CEU Credit Quiz
Volume 27, Number 2
1. b
2. e

3. a
4. c

5. e
6. d

7. b 9. e
8. e 10. e

This CEU Credit Quiz contains questions drawn from the following articles:
Denegar/Perrin:
Isabell, et al:
Ingersoll/Mangus:
Carman/Knight:
Ingersoll, et al:
Malone, et al:
Mancuso/Knight:
Paris:
Nitske, et al:
Hackman, at al:
Keating/Mason:

Effects of transcutaneous electrical nerve stimulation, cold, and a combination treatment on pain, ...
The effects of ice massage, ice massage with exercise, and exercise on the prevention and treatment
Habituation to the perception of the qualities of cold-induced pain
Habituation to cold-pain during repeated cryoJdnetic sessions
Sensory perception of the foot and ankle following therapeutic applications of heat and cold
Nerve injury in athletes caused by cryotherapy
Effects of prior physical activity on skin surface temperature response to the ankle during and after .
The effects of the Swede-0, New Cross, and McD avid ankle braces and adhesive ankle taping on ...
Weight cycling practices and long-term health conditions in a sample offormer wrestlers and other .
The athletic trainer's role in modifying nutritional behaviors ofadolesent athletes: putting theory ...
A simple splint for wrestler's ear

Circle the correct answer.
1. In the study on DOMS and the effect
of transcutaneous electrical nerve
stimulation and cold, elbow extension
ROM increased greater in:
a. subjects receiving the sham
treatment,
b. subjects receiving cold as part of
the treatment.
c. subjects receiving TENS only,
d. subjects who did not receive
stretching,
e. all of the above
2. The hypothesis that former wrestlers
have increased risk of obesity and
chronic disease is supported by the
study on weight cycling practices,
a. True
b. False
3. In the study on ankle skin temperature
response:
a. prevention of the build-up of a
thermal gradient on the skin was
accomplished by shaking the ice
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b.
c.
d.
e.

pack every 5 minutes throughout
application,
the subjects exercised on a
treadmill at randomly calculated
speeds.
elevated skin temperature lasted
less than 5 minutes following
exercise,
atmospheric temperature was given
no consideration in the experiment.
none of the above

4. In their treatment of wrestler's ear,
Keating and Mason:
a. aspirated the hematoma with a
small needle first,
b. molded the elastomeric material
into the ear.
c. applied a compression wrap,
d. instructed the patient that the pad
could be removed briefly during
bathing and shampooing after the
first 24 hours,
e. all of the above
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5. Which of the following is not an
indication of peripheral nerve damage
due to cryotherapy?
a. increased sensibility
b. motor weakness/decreased function
c. palsy
d. numbness
e. all are indications
6. The findings of the study on ankle
braces included the following:
a. The residual support ankle braces
provide during and after prolonged
activities is conclusively documented.
b. Some commercial ankle braces
may be used as an ankle support
alternative to tape in selected
activities.
c. Braced ankles outperformed taped
ankles in extended periods in all
activities,
d. all of the above
e. none of the above

7. Habituation to the perception of the
qualities of cold-induced pain:
a. is considered a function of the CNS
in which a threshold is altered to an
unchanging peripheral input,
b. is not dependent on the mind,
c. is irreversible,
d. does not involve the diminution of
normal response or sensation,
e. bandd
8. The authors in one of the articles
studied the effects of ice massage on
the treatment of delayed onset muscle
soreness. One of the conclusions that
they reached was that the use of ice
massage on delayed onset muscle
soreness:
a. may be contraindicated.
b. does not significantly reduce
symptoms by itself, but does so
significantly when combined with
exercise,
c. is far more beneficial than exercise
alone.
d. both b and c
e. none of the above
9. Heat and cold applications used prior
to therapeutic exercise programs have
been shown to:
a. interfere with normal sensory
perception.

b. have the same effect on sensory
perception as other analgesic and
anesthetic agents.
c. do not affect sensory perception.
d. alter the hypalgesic effect of cold.
e. none of the above
10. Which of the following factors
influence nutrition in young people?
a. sports where weight is a disadvantage
b. psychosocial changes
c. search for independence and
identity
d. concern for appearance
e. all of the above
11. Habituation to cold-pain during
repeated cryokinetic treatments:
a. is primarily psychological,
b. occurs most commonly at day 4.
c. has been shown to be specific to
body part and temperature,
d. has little physiological basis,
e. all of the above
12. Peripheral nerve injury due to
cryotherapy:
a. is rare.
b. can result in permanent disability,
c. would never resolve itself,
d. all of the above
e. a and b only

13. Limitations of the study on weightcycling practices among wrestlers and
other athletes include:
a. The problem of long-term effects
of dehydration associated with
rapid weight loss was not addressed.
b. Long-term health risks associated
with more drastic weight loss
methods chosen by younger adult
wrestlers in the study could not be
fully addressed.
c. The potential for harm in weight
cycling practices among adolescents who are growing at a rapid
rate needs further study,
d. all of the above
e. a and c only
14. Ways the athletic trainer can influence or change dietary behavior
might include:
a. peer modeling,
b. promoting self-efficacy by
enhancing perception of choice
and control.
c. cooperative support networks.
d. all of the above
e. a and b only
15. Ways to evaluate nerve damage
include:
a. percussion test
b. electromyographic exam
c. pinprick
d. a positive Tinel's sign
e. all of the above
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Effects of Prior Physical Activity on Skin
Surface Temperature Response of the
Ankle During and After a 30-minute
Ice Pack Application
David L. Mancuso, MA, ATC
Kenneth L. Knight, PhD, ATC
ABSTRACT: The effects of various dura
tions of treadmill running on ankle skin
temperature response during and follow
ing ice application were investigated. We
measured the ankle skin surface tempera
ture of12 male subjects with a telethermister
(YSI Model 44) during each of three condi
tions: control and two exercise conditions
that involved treadmill runningfor 15 or 30
minutes, followed by a 30-minute icepack
application and90 minutes rewarming. The
control condition involved no exercise prior
to ice pack application. Ankle skin tem
perature increased significantly during 15
and 30 minutes of exercise, although the
temperature difference between the two
conditions was not statistically significant.
Mean skin cooling temperatures were
slightly, though not significantly, higher
following exercise than following no exer
cise. The rate of cooling, however, was
unaffected by prior exercise. Mean skin
temperatures during rewarming were sig
nificantly higher following the exercise
conditions, but the rate of rewarming was
unchanged by exercise. Mean rewarming
temperatures were higher in the 30-minute
exercise condition than in the 15-minute
exercise condition. Longer ice applica
tions or shorter reapplications may be nec
essary following exercise of at least 15
minutes, butfurther investigation is neces
sary to substantiate this supposition.
David Mancuso is an athletic trainer
at Valley Hospital Sports Institute in
Ridgewood, NJ.
KennethKnight is a professor ofphysi
cal education at Indiana State University
and director of the Sports Injury Research
Laboratory at Indiana State University in
Terre Haute, IN.
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here are many indications for using
cryotherapy in sports medicine, including the immediate care and rehabilitation of acute injuries (4,10,12). Cryotherapy
has become the established posttrauma
modality (3,10). It is believed that ice
applied to acute musculoskeletal injury
reduces tissue metabolism and resulting
secondary hypoxic injury thus recovery
time is reduced (10).
Many opinions exist concerning the
most efficient cold application procedures
for immediate care of acute injuries (14).
Some clarification has resulted from research on the effects of cold application in
acute injury care (9,14,16); however, this
research has been conducted on sedentary
subjects. In athletic competition, most
injuries occur during exercise. In a study
on the effects of various ice application
times on ankle skin surface temperature
responses, Mlynarczyk (13) suggested that
prior exercise might affect the rate of temperature change during cold application.
The purpose of this study was to determine if prior physical activity affected the
skin surface temperature response of the
ankle during and folio wing a 30-minute ice
pack application.

Methodology
We employed a repeated measures
design with 12 volunteer male subjects
(age=23.1 ± 1.4 yr, height=68.9 ± 3.3 in,
weight=157.0 ± 18.9 Ib, predicted VO2
maximum=51.0 ±7.9 ml/kg x min). We
studied three conditions: control no exercise, 15 minutes exercise, and 30 minutes exercise. Each subject completed all
three conditions 24 to 48 hours apart. We
determined the order in which subjects
completed the three conditions by two 3x3
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balanced Latin Squares to which subjects
were randomly assigned. Heart rate and
work load during a submaximal stress test
using Astrand's (2) bicycle ergometer protocol predicted their fitness levels. We
accepted only subjects with average-tohigh fitness levels (VO2max 44ml/kg x
min).
During the control session, we required subjects to rest supine on a bed for
15 minutes preexercise. Subjects' knees
were extended and their feet elevated approximately 6 inches above the bed on
treatment pillows, while wepositioned temperature probes (Yellow Springs Instrument (YSI) 402) over the anterior talofibular
ligament of each ankle. We marked the
location of the probe placement with a felt
tip marker so that subsequent probe placements were consistent. A crushed ice pack
(2.5 Ib of crushed ice hi a 1.5 gal plastic
bag) was secured to the ankle by a 6 ft by
6 in elastic wrap, applied in a figure-ofeight manner. We positioned the ice pack
over thelateral aspect of the ankle, covering
the area extending from the Achilles' tendon over thelateral malleolus to the anterior
tibialis, and, distally, from approximately 6
to 8 inches above the lateral malleolus to the
midtarsals (13). To prevent the build-up of
a thermal gradient on the skin, we shook the
ice pack by hand every 5 minutes throughout the application (16).
We applied the ice pack for 30 minutes and then removed it. Wereappliedthe
elastic bandage to the ankle and repositioned the ankle in the elevated position.
Postapplication lasted 90 minutes.
The exercise conditions were identical to the control condition except that 15
or 30 minutes exercise and 5 minutes
postexercise periods were interspersed
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between rest and ice pack application. For
exercise, the subjects ran on a motor-driven
treadmill (Quinton 24-72) at an intensity
between 60% to 80% of their predicted
maximum oxygen uptake. Exercise intensities for both exercise sessions were accomplished by adjusting the speed of the
treadmill. We calculated the appropriate
treadmill speed using the following formula (1):
speed (m/min) = % VO2 max - 3.5
.2
We measured ankle skin surface temperature every 2.5 minutes with a YSI12Channel Telithermister (#44TD), while
atmospheric temperatures were recorded
at 10-minute intervals throughout the three
experimental sessions.

Results
Mean experimental and contralateral
ankle skin temperatures for each condition
are presented in Tables 1 and 2.
The final preexercise temperature
measurement was usedfor statistical analysis. There was no significant difference in
experimental (F(2,11 )= 1.0, p=.40) and contralateral (F(2,ll)=0.5, p=.60) ankle temperatures between conditions at the beginning of the experimental sessions.
Experimental ankle skin temperature
increased 2.0° and 2.3°C during the 15 and
30 minutes of exercise, respectively. Contralateral ankle skin temperature increased
1.7° and 1.9°C during 15 and 30 minutes of
exercise, respectively. A comparison of
final preexercise and initial postexercise
temperatures was made with paired t-tests.
These increases were significant (p=.013)
for all four situations. Skin temperature
was not increased significantly more during 30 minutes of exercise than during 15
minutes of exercise (t(ll)=l.3, p=.21). The
effect of exercise in elevating skin temperature remained for 110 minutes (30minute ice application and 80-minute
postapplication) following exercise as evidenced by the contralateral ankle.
Ice Application Temperatures
Times of 2.5,5,10,20,and30minutes
during ice application were used for statistical analysis. Mean overall experimental
ankle temperatures were slightly higher
(F(2,24)=2.2, p<.14), although not significantly, in the 15 min exercise and 30 min
exercise conditions than in the no exercise
condition during ice application. Six rates
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Table 1 —Mean Experimental Ankle Skin Temperature (°C, Mean ± S.D.)
Exercise
Time (Min)
Preexercise
-15
-10
-5
0
Overall

None
29.8 ±1.4
29.6 ±2.3
29.8 ±1.4
29.7 ±1.4
29.7 ±1.3

Postexercise
-5
0
Overall

15 min

30 min

30.3 ±1.5
30.4 ±1.3
30.3 ±1.2
30.4 ±1.4
30.3 ±1.3

30.5 ±1.3
30.6 ±1.8
30.7 ±1.9
30.6 ±1.8
30.6 ±1.7

32.4 ±1.1
32.0 ±1.3
32.3 ±1.1

32.9 ±1.0
32.8 ±0.9
32.8 ±1.0

Ice Application
1
5
10
15
20
25
30
Overall

23.1 ±3.9
16.4 ±4.9
12.5 ±4.7
10.2±4.1
9.3 ±4.0
8.5 ±3.7
7.9 ±3.6
12.2±6.1

26.0 ±3.5
17.0±5.1
14.3 ±4.7
12.7±4.6
11.2 + 4.4
10.0 ±4.0
8.5 ±3.2
13.9 ±6.4

26.7 ±2.7
17.9 ±3.5
14.3 ±3.2
13.3±3.1
12.1 ±2.9
10.8 + 3.1
10.3 + 3.6
14.7±5.6

Postapplication
1
5
10
15
20
25
30
35
40
45
50
55
60
65
70
75
80
85
90
Overall

14.1 ±3.0
16.2±2.8
18.1 ±2.8
19.4 ±2.7
20.5 ±2.9
21.4±3.1
22.2 ±3.2
22.8 ±3.3
23.4 ±3.5
23.8 ±3.5
24.4 ±3.7
24.9 ±4.0
25.2 ±4.1
25.4 ±4.0
25.7 ±4.0
25.9 ±4.1
26.2 ±4.1
26.4 ±4.2
26.5 ±4.0
22.8 ±4.8

14.1 ±3.4
17.1 ±3.3
19.9±3.1
21 .8 ±3.3
23.2 ±3.5
24.3 ±3.5
25.2 ±3.5
26.1+3.5
26.8 ±3.4
27.5 ±3.5
28.0 ±3.5
28.4 ±3.5
28.7 ±3.4
28.9 ±3.3
29.1 ±3.3
29.3 ±3.2
29.5 ±3.2
29.6 ±3.3
29.7 ±3.2
25.7 ±5.3

16.2±3.1
19.7±3.3
22.5 ±3.2
24.4 ±3.0
25.7 ±2.8
26.7 ±2.7
27.5 + 2.7
28.2 ±2.5
28.7 ±2.3
29.0 ±2.2
29.4 ±2.0
29.7 ±1.9
30.0 ±1.7
30.3 ±1.6
30.5 ±1.6
30.7 ±1.6
30.8 ±1.5
30.8 ±1.5
30.9 ±1.5
27.6 ±4.4

of change in temperature during ice application were calculated for each condition
(Table 2); they were the first minute, the
first 10 minutes, the first 20 minutes, the
first 30 minutes, the second ten minutes,
and the third ten minutes of ice application.
No significant difference was found between conditions (F(2,ll)=0.1, p<.91).
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Post Ice Application Temperatures
Times of 1.5,10,20,30,40,50,60,70,
80, and 90 minutes post ice application
were used for statistical analysis. Mean
overall experimental ankle skin temperatures were significantly different between
conditions duringrewarming (F(2,24)=8.0;
p=.003). Contrasts revealed significant
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Table 2—Mean Contralateral Skin Temperature (°C, Mean ± S.D.)
Exercise
Time (Min)

None

15min

30min

Preexercise
-15
0
Overall

29.7 ±1.4
29.5 ±1.7

30.0 ±1.3
30.0 ±1.3
30.0 ±1.3

30.3 ±2.0
30.3 ±2.0
30.0 ±2.0

31.7±1.2
31.7±1.3
31.7 + 1.2

32.2 ±1.4
31.9 + 1.3
32.1 ±1.3

29.6 ±1.5

Postexercise
-5
0
Overall

Period of Ice Application to Opposite (Experimental) Leg
1
10
20
30

29.2 ±1.3
29.2±1.5
29.2±1.4
29.3±1.6

31.8 ±0.9
31.5±1.3
31.4±1.4
31.5±1.4

Overall

29.2 ±1.4

31.6 ±1.3

Period of Postapplication to Opposite (Experimental) Leg

1

29.3 ±1.5
29.5 ±1.9
29.2 ±1.9
28.9 ±1.8
28.8 ±1.8
28.9 ±1.8
28.9 ±2.1
28.7 ±2.2
28.6 ±2.1
28.6 + 2.0
28.9 ±1.9

10
20
30
40
50
60
70
80
90

Overall

31.5 + 1.2
31.5±1.6
31.4±1.5
31.3±1.6
31.4±1.9
31.4±1.9
31.2±1.8
30.7 ±2.0
30.1 ±1.6
29.9 ±1.7
31.1±1.7

32.4 ±1.1
32.1 ±1.0
31.9±1.1
31.9±1.2
32.1 ±1.1

31.7±1.3
31.7±0.9
31.8±1.0
31.3±1.3
31.1 ±1.5
30.8 ±1.5
30.6 + 1.4
30.4 ±1.2
30.2 + 1.2
30.2 ±1.2
31.0±1.3

Table 3—Rate of Change in Skin Temperature During
Ice Application and Postapplication (°C/min ± S.D.)
Exercise
Time
Interval
Ice Application
First min
First 10 min
First 20 min
Second 10 min
Third 10 min

None

15min

SOmin

6.6 ±4.5
1.7±0.6
1.0 ±0.2
0.3 ±0.3
0.1 ±0.1

6.1 ±3.4
1.7±0.6
1.0 ±0.2
0.3 ±0.2
0.3 ±0.2

6.2 ±2.7
1.9±0.3
1.0 ±0.2
0.2 ±0.2
0.2 ±0.2

4.1 ±1.3
1.7 ±0.5
0.8 ±0.2
0.2 ±0.1
0.1 ±0.1
0.1 ±0.1
0.1 ±0.1

3.7 ±0.2
1.7 ±0.2
0.9 ±0.1
0.2 ±0.1
0.1 ±0.1
0.1 ±0.1
0.1 ±0.1

4.0 ±1.3
1.9 ±0.4
0.9 ±0.9
0.2 ±0.1
0.1 ±0.1
0.1 ±0.1
0.1 ±0.1

Postapplication
First min
First 5 min
First 15 min
Second 15 min
Third 15 min
Fourth 15 min
Final 15 min
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differences between the no exercise and
the 15 min exercise (t(ll)=2.0, p=.039),
the no exercise and the 30 min exercise
(t(H)=4.0, p=.001), and the 15 min exer
cise and 30 min exercise (t(ll)=2.0,
p=.056) conditions. The rate of change of
temperature during postapplication was not
significantly different between conditions
(F(2,ll)=0.2, p=.86) (Table 3).
Atmospheric temperatures averaged
24.9 ±0.6,24.8 ± 0.5, and 25.0 ± 0.5 during
the conditions.

Discussion

The increase in skin temperature dur
ing exercise substantiates the results of
previous studies (6,15). Edwards et al (6)
reported an increase of 1.0°C in average
skin temperature during a 30-minute bi
cycle ride at 40% to 60% VO2 maximum
(at an atmospheric temperature of 28°C).
In the present study, local skin temperature
(experimental ankle) increased 2.1° and
2.3°C during 15 and 30 minutes, respec
tively, of treadmill running, at 60% to 80%
VO2 maximum. The difference in skin
temperature response is probably the result
of the higher intensity of exercise used in
our study.
One author (15) reported average skin
temperatures increased slightly for 5 min
utes postexercise (30 minutes treadmill
running at 70% VO2 maximum) and re
mained above preexercise for 20 minutes.
In our study, skin temperature did not con
tinue to increase once exercise had ended.
Also, in the present study, the exercise
effect on skin temperature remained for
1 10 minutes. The difference in the linger
ing effect of exercise on skin temperature
between the two studies may be caused by
methodology differences. Saltin et al (15)
measured average skin temperature includ
ing torso sites, while we measured only
one local site (the ankle).
Cooling Temperatures
The results of our study are in agree
ment with the literature that shows that
there is a rapid decrease in skin tempera
ture followed by a slower and steady de
cline with cold application (5,14,16). Ex
ercise 5 minutes prior to ice application did
not change this trend in skin temperature
response.
The results of our study appear to be in
disagreement,however,withMlynarczyk's
(13) observation of one subject, who vio
lated her protocol and exercised prior to
one treatment condition (20-minute ice pack
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application). Mlynarczyk (18) observed
that the skin temperature of this subject
fluctuated and then increased during ice
application. At 12.5,15, and 20 minutes of
ice application, the ankle skin temperature
was 10°, 14.2°, and 17.0°C, respectively.
In the present study, prior exercise did not
cause the ankle skin temperature to in
crease or fluctuate. Ankle skin tempera
ture during the 15 min exercise and 30 min
exercise conditions rapidly decreased ini
tially and then steadily declined for the
remainder of ice application. At times of
12.5,15, and 20 minutes of ice application
(30-minute ice application), ankle skin tem
peratures were 13.1°, 12.7°, and 11.2°C,
respectively, for the 15 min exercise condi
tion and 14.1°, 13.3°, and 12.1°C, respec
tively, for the 30 min exercise condition.
The difference in ankle skin tempera
ture response between Mlynarczyk's one
subject and the present study may be the
result of differences in time between exer
cise and ice application. In Mlynarczyk's
study, there was a 30- to 60-minute delay
before the ice pack was applied. To further
support this explanati on, a similar response
to Mlynarczyk's one subject occurred in
one subject in our study. During the first
12.5 minutes of ice application, his skin
temperature dropped to 16.5°C (from the
preapplication temperature of 31.0°C).
Temperatures then fluctuated between
17.0° and 18.0°Cforthenext lOminutesof
ice application and then increased to 20.5 °C
during the final 5 minutes of ice applica
tion. This trend of fluctuation and minimal
decrease in skin temperature during ice
application was not evident in any other
subject or condition. Upon questioning the
subject, we found that he had walked 15
minutes (approximately seven-tenths of a
mile) 1 hour prior to the nonexercise con
dition. The abnormality in cooling tem
peratures may have been caused by activ
ity 1 hour prior to the no exercise condi
tion. This observation, along with the
observation of Mlynarczyk's one subject,
suggests the possibility of a delayed effect
of exercise on skin surface temperature
response to ice application. It may be that
a delayed effect was more influential on
skin temperature response than the imme
diate effect. This delayed effect needs to
be further studied.
Mean skin temperatures during cool
ing were slightly, though not significantly
(F(2,l 1)=2.2, p<.14), higher following ex
ercise than following no exercise. Any
difference in cooling temperature is most
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temperatures were 2.4°, 1.5°, and 1.2°C
higher than those reported by Mlynarczyk
(13) for the same time periods
postapplication (no exercise condition).
This can be partly explained by the greater
of skin temperature with ice
reductions
Exercise effects aside, mean skin tem
in the literature (13,16)
applicationreported
perature in the present study did not de
Consequently,
(seecoolingtemperatures).
crease as much as previous studies (13,16).
These authors reported similar skin tem mean skin temperatures began and re
perature reductions of 28.0°C (13) and mained higher during postapplication in
28.7°C (16), respectively, during a 30- the present study. However, the exercise
minute ice pack application to the ankle. effect on skin temperatures also appears to
Another author (5) reported a decrease of have played arole in this difference. In the
26.6°C following a 10-minute ice massage 15 min exercise condition, skin tempera
to the gastrocnemius muscle. Our study tures were 5.4°, 5.0°, and 4.3°C higher than
showed only a21.9° decrease in ankle skin the temperatures reported in the literature
temperature during the 30-minute ice pack (13) for the same postapplication time pe
riods. In the 30 min exercise condition, the
application (no exercise condition).
Variance in atmospheric temperatures temperature differences were 7.7°, 6.3°,
between studies was not a factor. Mean and 5.5°C, respectively, for the same time
overall atmospheric temperatures were periods. This exercise effect on mean
24.0° ± 0.9°, 24.3° ± 0.4°, and 24.9° ± rewarming temperatures may require a
0.5°C, respectively, in the three studies. change in ice application protocol.
Varying temperatures of the ice pack among
studies also does not seem possible. All Ice Application Protocol for Acute
three studies were from the same labora Injury Care
Mlynarczyk (13) provided an excel
tory using the same ice machine.
lent review of the literature concerning
cold application intervals for acute inju
Rewarming of Skin Temperature
ries. There is a great inconsistency in how
Following Cold Application
Research concerning rewarming of long and how frequently ice should be
skin temperature following ice application applied in the acute stage of injury. Varia
has reported a rapid rise followed by a tions included continual and intermittent
slo wer, more gradual increase towards pre- ice application. Recommended ice appli
ice application temperatures (8,14,17). Our cations ranged from a "time-on" period of
results suggest that prior exercise does not 5 to 12 minutes for 24 to 48 hours (7) to a
change this trend. One author (13) calcu "time-on" period of 15 to 30 minutes (14),
lated rates of rewarming following a 30- to applying ice as often as possible for 24 to
minute ice pack application to the ankle of 48 hours (11). Besides the discrepancy in
.55°, .13°, and .04°C/min during the first, suggested ice application durations, most
second, and third 30-minute intervals, re authors failed to provide rationale for the
spectively, of postapplication. Our particular time intervals of application.
rewarming rates for the no exercise condi Perhaps duration of acute care procedures
tion were .47°, .09°, and .04°C/minute, should be determined by the severity of the
respectively, for the same time intervals; in injury; ie, acute care procedures can be
the 15 min exercise condition, rates were terminated earlier for a mild injury than for
.56, .08, and .03°C/minute, respectively, a severe injury (10).
for the same time intervals; in the 30 min
A study to determine the effects of
exercise condition rates .57°, .08°, .03°C, five different cold application lengths (10,
respectively, for the same time intervals.
20, 30, 45, and 60 minutes) on the rate of
Our rates of rewarming were similar cooling and the rate of rewarming the ankle
to those reported in the literature (13). revealed that ankle temperatures were sig
However, mean rewarming temperatures nificantly warmer (p<.05) at 30,60, and 90
were considerably higher in the present minutes postapplication in the 20-minute
study than mean rewarming temperatures ice application than the 30-, 45-, and 60reported in the literature (13). Mlynarczyk minute applications (13). The 30-minute
reported skin temperatures of 19.8°, 23.7°, application was not significantly different
and 25.5°C at 30, 60, and 90 minutes, from either the 45- or 60-minute conditions
respectively, postapplication (following a at 30-, 90-, or 180-minute postapplication
30-minute ice pack application). Our skin time. This study led to the suggestion of a
likely attributed to higher initial (pre ice)
temperatures causedby prior exercise. This
appears to be true considering that the rate
of cooling was unchanged with exercise
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"time-on" of 30 minutes and 90 minutes
"time off (10,13).
Optimal tissue temperature for reduc
ing cellular metabolism, thus reducing sec
ondary hypoxic injury, has not been estab
lished. Thus, it is difficult to suggest the
optimal ice application protocol for acute
injury care. Mlynarczyk (13) offered some
assistance by recommending a protocol
based on Moore's (14) suggestion of 25°C
as the critical temperature for maintaining
tissue function. Below this temperature,
Moore claims tissues can be maintained in
the absence of blood. Thus Mlynarczyk
(13) used 25°C as the "target" temperature
for injured tissues. Based on the results of
her study, Mlynarczyk (13) recommended
reapplying an ice pack for 30 minutes within
104 minutes for acute injuries. Based on
the results of this study and using the same
criteria as Mlynarczyk, an ice pack should
be reapplied for 30 minutes within 85, 60,
and 48 minutes following 0, 15, and 30
minutes of exercise, respectively. The
adjustments in ice application durations
are needed because of the effects of prior
exercise on rewarming temperatures. Skin
temperature following ice application
reached 25° sooner for the 15 min and 30
min exercise conditions than for the
nonexercise (control) condition.
Remember that the suggested proto
col is arbitrary. Above all, it appears that

longer ice applications may be necessary
when acute injury follows exercise than
when acute injury does not follow exer
cise. This distinction cannot be made from
the results of this study because the effects
of reapplication of ice on skin temperature
were not investigated.

5.
6.

7.
8.

Contralateral Ankle Skin Temperature
Although the experimental and contralateral ankles were under the same con
ditions during preexercise andpostexercise,
contralateral ankle temperatures were con
sistently cooler. These differences ranged
from 0.1° to 0.4°C during preexercise and
from 0.4° to 0.7°C during postexercise.
The accuracy and readability of the YSI
temperature probe used to measure skin
temperature is 0.5° + 0.2°C, respectively
(as reported by the manufacturer) (18).
The differences in temperature between
the experimental and contralateral ankles
are within measurement error.

14.

References

15.

1.
2.
3.
4.

American College of Sports Medicine. Guidelines
for Graded Exercise Testing and Prescription. 3rd
ed. Philadelphia, Pa: Lea and Febinger, 1985.
Astrand I. Aerobic work capacity in men and
women with special reference to age. Acta Physiol
Scand. 1960; 49(Suppl 160):l-92.
BehnkeRS. Cryotherapyandvasodilation. Athletic
Training, JNATA. 1973; 8:106, 133-137.
BehnkeRS. Coldtherapy. AthleticTraining,JNATA.
1974; 9:178-179.

9.

10.
11.
12.
13.

16.

17.
18.

From preseason
evaluations to
year-end
injury reports,
Sports Ware
Injury Tracking
Software and
your computer
will take the
sweat out of
record keeping.

Bugaz R. The cooling, analgesic, and rewarming
effects of ice massage on localized skin. Phys Ther.
1975:55:11-19.
Edwards RJ, Harrison MH, Mills FJ. Blood volume
and protein responses to skin cooling and rewarming
during cycling exercises. EurJApplPhysiol. 1983;
50:195-206.
Hocutt JE. Cryotherapy. Am Fam Phys. 1981;
23:141-144.
Knight KL,AquinoJ, Johannes SM, Urban CD. A
re-examination of Lewis' cold-induced vasodilation in the finger and the ankle. Athletic Training,
JNATA. 1980; 15:248-250.
Knight KL, Elam JF. Rewarming of the ankle,
finger, and forearm after cryotherapy: further in
vestigation of Lewis' cold-induced vasodilation. /
Can Ath Ther Assoc. 1981; 8:17-18.
Knight KL. Cryotherapy: Theory, Technique and
Physiology. Chattanooga, Term: Chattanooga Cor
poration; 1985:26.
McCluskey GM, Blackburn TA, Lewis T. A treat
ment for ankle sprains. Am J Sports Med. 1976;
4:158-161.
McMaster WL, Liddle S, Waugh TR. Laboratory
evaluation of various cold therapy modalities. Am
J Sports Med. 1978; 6:291-294.
Mlynarczyk JM. Temperature changes in the ankle
during and after icepack application of 10,20,30,
45, and 60 minutes. Terre Haute, Ind: Indiana State
University; 1985. Thesis.
Moore RJ, Nicolette RL, BehnkeRS. The therapeu
tic use of cold (cryotherapy) in the care of athletic
injuries. AthleticTraining, JNATA. 1967; 2:6-13.
Saltin B, Gagge AP, Stolwijk. Body temperatures
and sweating during thermal transients caused by
exercise. J Appl Physiol. 1970; 28:318-327.
Urban CD. Insulating effects of elastic wraps used
during the application of ice, compression, and
elevation to the lateral aspect of the ankle. Terre
Haute, Ind: Indiana State University; 1980. Thesis.
Waylonis GW. The physiologic effects of ice mas
sage. Arch Phys Med Rehab. 1967; 48:37-42.
YSI Temperature Instrument. Yellow Springs, Ohio:
Yellow Springs Instrument Company; July 1977.

•
•
•
•
•
•
•
•
•

Coach Report
Activity Report
Travel Report
Statistic Report
Word Processor
Phone Book
Mouse Compatible
Pop-up Windows
Text Notes

• Price: $495.00 IBM
• Price: $545.00 MAC
For more information
call 617-894-7751
or write Computer
Sports Medicine, Inc.
135 Beaver St.
Waltham, MA02154.

Volume 27 •

Numbers

SPORTSWARE™
is a trademark of Computer
mputer
Sports Medicine, Inc.

^B

• 1992 • Journal of Athletic Training

249

1992 Student Writing Contest Winner

Iliotibial Band Friction Syndrome as
Exhibited in Athletes
Carrie Ann Lucas, EMT
ABSTRACT: Iliotibial band (TTB) friction
syndrome is an overuse injury common in
runners, cyclists, weight lifters, skiers, and
soccer players. It is characterized by pain
over the lateral femoral epicondyle caused
by excessive friction between the TTB and
the lateral femoral epicondyle.
TTBfriction syndrome can be prevented
by using correct mechanics and training
practices. Avoiding such errors, such as a
swift change inplay ing surfaces or running
excessive distances, canprevent this condi
tion. Orthotics to correct mechanical prob
lems also can prevent this injury. Stretch
ing is not only a good treatment, it also is a
good prophylaxis. Rest and the application
of therapeutic modalities resolve most cases
of FTB friction syndrome, but, in persistent
cases, surgical intervention may be consid
ered.

I

liotibial band (ITB) friction syndrome
often is resolved by conservative treat
ment, but if symptoms persist in spite of the
treatment, surgical intervention should be
considered (8-10,12,13). ITB friction syn
drome was first described by Renne (17) in
1975, and by Orava (16) in 1978, and it has
been the subject of many studies since that
time. ITB friction syndrome is commonly
found in middle- and long-distance runners
and also in those athletes whose sports re
quire repetitive knee flexion.
The commonality of ITB friction syn
drome was shown by Clement et al (1),
who reported ITB friction syndrome as the
sixth most common overuse injury in run
ners (4.3 %). James et al (4) found that ITB
Carrie Ann Lucas is a sports medicine, his
tory, and secondary education major at Whitworth
College in Spokane, WA.
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friction syndrome comprised 5% of inju
ries to runners and Orava (16) found it to
comprise 6.4%. Although most common
in runners, it has been found in skiers,
cyclists, weight lifters, and soccer athletes
(1,4,5,10,16,17).

Anatomy

Distally, the ITB is in a position in front of
the coronal axis of the knee and helps
maintain knee extension.
While walking or running, the ITB
plays a different role. In the swing phase,
the proximal ITB and tensor fascia latae
are anterior to the greater trochanter, thereby
helping maintain hip flexion. Throughout
the stance and push-off phases, the proxi
mal ITB is pulled over the greater trochan
ter as the hip extends. Distally, the ITB is
pulled over the lateral femoral epicondyle
as the knee is flexed past 30°. This helps
maintain knee flexion (5).
Weight bearing increases the compressive/frictional forces over the greater
trochanter and lateral femoral epicondyle.
When increased forces are combined with
genu valgum, excessive foot pronation, or
a leg-length discrepancy, increased fric
tion occurs (5).

The iliotibial tract originates on the
proximal iliac crest. It is a band of fibrous
tissue that emerges from the tensor fascia
latae and gluteal fascia and inserts in the
lateral tubercle of the tibia (tubercle of
Gerby) and lateral proximal fibular head
(7,15,19). It is connected longitudinally to
the linea aspea, the lateral septum, and the
gluteusmaximus and minimus (7,19). The
ITB thickens distally and is connected to
the lateral border of the patella (7,19).
The ITB may be described as having
fourlayers: the superficial, middle, deep,
and capsulo-osseous layers (19). The
superficial layer extends from the termi Clinical Features
ITB friction syndrome is an overuse
nation of the linea aspea to the insertion
on the tibia, with the middle layer just condition caused by excessive friction
below the superficial layer. The deep between the ITB and the lateral femoral
layer extends from the lateral supercondyle epicondyle (8,13,14,16-18). This results
area of the femur in a coronal plane to the in either bursitis over the lateral femoral
tibia in a sagittal plane. The capsulo- epicondyle and/or inflammation of the ITB
osseous layer serves as a retaining wall and periosteum (6,9,11,14,16).
medially and allows the bony origin to
extend down to the lateral capsule and Symptoms and Signs
laterally and posteriorly attaches on the
ITB friction syndrome is character
head of the fibula with the insertion of the ized by pain and point tenderness over the
biceps femoris (19).
lateral femoral epicondyle about 2 to 3 cm
above the lateral joint line (8,9,14,16-18)
Biomechanics
Sometimes pain is not localized and is
In a static standing position, the ITB described as radiating or descending to the
is held in place by several muscles (5). insertion of the ITB, but is maximal over
Proximally, the ITB is in a position poste the lateral femoral epicondyle (6,11-14,16).
rior to the coronal axis of the hip at the Generally, discomfort only affects sports
greater trochanter and helps maintain hip activity, but sometimes occurs during
extension. The gluteus maximus and ten walking (16). Pain is aggravated by repeti
sor fascia latae maintain this position. tive flexion of the knee and is relieved by
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walkingstiff-legged(6,7,12-14,17). Run
ning downhill (6,8,9,12,13) and onbanked
surfaces (8,9,11,14) aggravates the pain,
which is most intense atheel strike (9,14,16).
Crepitus or pitting edema sometimes are
found over the lateral femoral epicondyle
during knee flexion (12,16,17). Snapping
over this area also may be felt during knee
flexion (16).

Predisposing Factors

There are a number of conditions that
predispose an athlete to ITB friction syn
drome. The most common is maltraining
(6,8,12,14,18). Too swift of a change in
running surfaces (from pavement to dirt or
vice versa), increased distance, or the type
of running (more hills) will cause exces
sive stress on the lateral aspect of the knee.
ITB friction syndrome is manifested when
the patient's training program is altered;
therefore, a careful history will help with
the evaluation of this condition (6).
Predisposing factors include struc
tural abnormalities. One factor is a tight
ITB (8,9), as evidenced by Ober's test.
Other predisposing factors aregenu valgum
and forefoot pronation (8,9,12,18). Leglength discrepancies and prominent lat
eral femoral epicondyles have been noted
in athletes with ITB friction syndrome
(8,9). All of these conditions place the
ITB in closer proximity to the lateral femoral
epicondyle, which creates a greater possi
bility for friction to occur.
Special Tests
There are three special tests for ITB
friction syndrome: Ober's, Renne's, and
Noble's. Ober's test was created by Frank
Ober in 1936 to test ITB tightness in diag
nosing low back pain and sciatica (15). To
perform the test, have the athlete lie on the
unaffected side with the knees flexed suf
ficiently to eliminate lumbar lordosis. Flex
the athlete's affected knee to 90°, hold it
tightly with one hand, and stabilize the
pelvis with the other hand. Extend the hip
until the knee is in line with the body and
abduct the leg. After the athlete relaxes
and the leg is dropped, the leg will stay in
an abducted position if the test is positive,
and the leg will drop to the thigh if the test
is negative (2,3,14,15).
Renne's test was developed in 1975
to test for ITB friction syndrome. To begin
this test, the athlete should stand on the
affected leg. Then, have the athlete squat
until the knee is in 30° to 40° flexion. As
the leg is flexed, pain will be increased

over the lateral femoral epicondyle, creat
ing a positive result (6,8,14,17).
Noble's test was developed by Clive
Noble to test for ITB friction syndrome.
To begin, have the athlete lie supine. Flex
the affected knee to 90° and apply direct
hand pressure to the lateral femoral
epicondyle. Extend the leg and, as the
knee is extended, pain will be elicited at
about 30° flexion if the test is positive
(6,8,11,13,14).

Treatment
James et al (6) stated that total rest is
the best treatment for ITS friction syn
drome, but unfortunately that is the last
treatment many runners choose to accept.
Treatment first involves correcting any
predisposing factors (6,8,9,11,13,18). If
the athlete has training errors, these errors
must be corrected. Treatment also may
include orthotics to correct pronation, ex
cessive rotation, and leg-length discrep
ancy. Stretching is needed for tight ITBs
using any of the many ITB stretches
(8,13,14,18). Rest and the use of oral antiinflammatories are crucial for relief of
symptoms (8,11-13,16,18). The use of
ice, heat, ultrasound, and electrical stimu
lation are used to reduce inflammation and
steroid injections are advocated in persis
tent cases (8,9,11-13,16,18).
Treatment Program
In order to determine a treatment pro
gram for the athlete, the severity of the
inflammationmust be graded. Lindenburg
et al (9) outline a grading system for ITB
friction syndrome. Grade 1° is when pain
starts after the run, but it does not affect
performance. Grade 2° is when pain oc
curs during the workout, but does not
affect performance. Grade 3° is when pain
occurs during a run and it does affect
performance, and Grade 4° is when pain
prevents a workout. After grading the
severity of inflammation, a treatment pro
gram can be initiated.
Lebsack et al (8) describe a compre
hensive treatment program for all stages
of ITB inflammation. First is the immedi
ate phase when pain and inflammation are
to be controlled and any poor training
habits or structural abnormalities are cor
rected. This requires a reduction of activ
ity and the administration of oral antiinflammatories. Modalities such as ice,
heat, ultrasound, and electrical stimula
tion are applied. Stretching exercises also
are used to combat ITB tightness.
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There are several stretching techniques
that can be adopted. The Ober technique
(Fig 1), crossover stretch (Fig 2), standing
wall lean (Fig 3), standing lateral fascia!
stretch with trunk rotation (Fig 4), stand
ing wall lean and crossover stretch (Fig 5),
and modified Ober technique (Fig 6) are
all used to increase ITB flexibility. These
all are static stretches that should be used
regularly (2,5,8).
There are two more phases of treat
ment of ITB friction syndrome: the shortterm phase and the long-term phase (8).

Fig 1 .—Ober technique - The athlete lies on the
unaffected side and the knee is adducted.

Fig 2.—Crossover stretch - The athlete's af
fected leg is adducted over the unaffected leg.

Fig 3—Standing wall lean - The affected leg is
closest to the wall.
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Fig 4.—Standing lateral fascial stretch - The
athlete crosses the affected leg behind the unaf
fected leg.

Fig 5.—Crossover standing wall lean - With the
unaffected leg closest to the wall, it is crossed in
front of the affected leg.

Fig 6.—Modified Ober technique - The athlete
lies supine and the affected leg is crossed over
the unaffected leg. The knee is adducted and the
ankle is abducted.
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The short-term phase of treatment begins
if symptoms are not resolved within 10
days. Previous treatment should be con
tinued with the possible addition of steroid
injections (given at 2-week intervals) and
further restriction of activity (6,8,9,12,17).
If deconditioning is a concern, the athlete
may participate in other activities such as
swimming, if it does not continue to ag
gravate the symptoms (12). In clinical
observation, even activities such as swim
ming and biking exacerbate this condi
tion. If the athlete swims without using the
legs, and using a pull-buoy, swimming
may be done pain-free. The athlete also
may be able to bicycle pain-free by immo
bilizing the affected leg while on a station
ary bicycle.
The long-term phase begins after pain
and inflammation are resolved (8), when
the athlete returns to activity. During this
stage, it is important to prevent reoccur
rence of symptoms (8,14). A gradual
return to activity with stretching before
and after workout is essential to success
ful return to activity (8). If training errors
have not been corrected or inflammation
reduced, return to activity will not be suc
cessful.
Surgical Intervention
If an athlete does not respond to con
servative treatment, surgical intervention
must be considered. Martens et al (10)
suggests that conserv ative treatment should
be maintained for an average of 9 months
before consideration of surgical interven
tion. Noble (12,13) bases his decision for
surgical intervention on the fact that at 30°
flexion, the posterior fibers of the ITB are
tighter against the lateral femoral epicondyle
than are the more anterior fibers. The
surgical procedure consists of making a 2
cm incision in the posterior fibers of the
lateral femoral epicondyle while the knee
is in 30° flexion (6,8,9,12). This is to
release the pressure of the posterior fibers
on the lateral femoral epicondyle and elimi
nate the friction associated with the pres
sure. The leg is then placed in a posterior
knee splint for 1 week, after which weightbearing is allowed (10). After the sutures
are removed, the athlete can start activity
again (6,8,9,12).
In summary, ITB friction syndrome
can be prevented by using correct me
chanics and training practices. Avoiding
such errors, such as a swift change in
playing surfaces or running excessive dis
tances, can prevent this condition and pos
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sible surgical intervention. Orthotics to
correct mechanical problems also can pre
vent this injury. Stretching is not only a
good treatment, it is also a good prophy
laxis. Rest and the application of thera
peutic modalities resolve most cases of
ITB friction syndrome, but, in persistent
cases, surgical intervention may be con
sidered.

Acknowledgements

Appreciation is expressed to Russell
Richardson, MS, ATC, head athletic trainer;
Gwyneth Short, MS, ATC, assistant ath
letic trainer; and Dr. Linda Hunt, all at
Whitworth College, for their support and
advice. I also thank the student athletic
trainers at Whitworth College for their
assistance in preparing the illustrations for
this article.

References

1. Clement D, Taunton J, Smart G, McNicol K. A
survey of overuse running injuries. PhysSportsmed.
May 1981;9:47-58.
2. Gose J, Schweizer P. Iliotibial band tightness. /
Orthop Sports Phys Ther. April 1989; 10:399-407.
3. Hoppenfeld S. Physical Examination of the Spine
and Extremities. Norfolk, Conn: Appleton CenturyCrofts; 1976: 167,183.
4. JamesS.BatesB.OstemigL. Injuries to runners. Am
J Sports Med. 1978; 6: 40-50.
5. James S, Brubaker C. Running mechanics. JAMA.
1972; 221: 1014-1016.
6. Jones D, James S. Overuse injuries in the lower
extremity: shin splint, iliotibial band friction syn
drome, and exertional compartment syndromes. Clin
Sports Med. 1987; 6: 273-291.
7. Kaplan E. The iliotibial tract. / Bone Joint Surg.
1958; 40-A: 817-832.
8. LebsackD, GieckJ.SalibaE. Iliotibial band friction
syndrome. Athletic Training, JNATA. 1990; 25:
356-361.
9. Lindenberg G, Pinshaw R, Noakes T. Iliotibial band
friction syndrome in runners. PhysSportsmed. May
1984; 12: 118-130.
10. Martens M.LibbrechtP.Burssens A. Surgical treat
ment of the iliotibial band friction syndrome. Am J
Sports Med. 1989; 17: 651-654.
11. Mattalino A, Deese M, Campbell E. Office evalua
tion and treatment of lower extremity injuries in the
runner. Clin Sports Med. 1989; 8: 461-475.
12. Noble C. Iliotibial band friction syndrome. Am J
Sports Med. 1980; 8: 232-234.
13. Noble C. The treatment of iliotibial band friction
syndrome. Br J Sports Med. 1979; 13: 51-55.
14. Noble H, Hajek M, Porter M. Diagnosis and treat
ment of iliotibial band tightness in runners. Phys
Sportsmed. April 1982; 10: 67-74.
15. OberF. The role of the iliotibial band and fascia lata
as a factor in the causation of low-back disabilities
and sciatica. J Bone Joint Surg. 1936; 18:105-110.
16. Orava S. Iliotibial tract friction syndrome in ath
letes—an uncommon exertion syndrome on the lat
eral side of the knee. BrJSportsMed. 1978; 12:6973.
17. Renne J. The iliotibial band friction syndrome. /
Bone Joint Surg. 1975; 57-A: 1110-1111.
18. Sutker A, Jackson D, Pagliano J. Iliotibial band
syndrome in distance runners. Phys Sportsmed.
October 1981; 9: 69-73.
19. Terry G, Hughston J, Norwood L. The anatomy of
the iliopatellar band and iliotibial tract. Am J Sports
Med. 1986; 14: 39-45.

The Effects of the Swede-O, New
Cross, and McDavid Ankle Braces and
Adhesive Ankle Taping on Speed, Balance,
Agility, and Vertical Jump
David L. Paris, PhD, ATC, CAT(C)
ABSTRACT: Scores from motor perfor
mance tests were compared using subjects
with taped and untaped ankles. Previous
studies have shown that taped ankle sup
port may be detrimental in vertical and
standing broadjumping performance. Con
flicting data have been published on the
effects ofcommercial ankle braces on vari
ous motor tasks. The performances of 18
elite soccer players in selected tests of
speed, balance, agility, and vertical jump
ing were compared under conditions of
untaped, nonelastic adhesive taped, Swede0-braced, New Cross-braced, and
McDavid-braced ankles. Vertical jump
performance was significantly reduced
when subjects wore New Cross braces.
There were no significant differences in
tests of speed, balance, and agility among
any of the support conditions. Until now,
nonelastic adhesive tape has been the pre
ferred method of prophylactic ankle sup
port. I conclude that certain commercial
ankle braces may be used as a support
alternative during selected activities.

ity after exercise (3,6,8,17,21,23,27), while
others have demonstrated significant sup
port retention (9,15,16,20,29).
Numerous studies (1,5,14,19,22,28,
30) have compared the effects of ankle
strapping conditions (eg, untaped,
nonelastic taped, elastic taped, combina
tion elastic-nonelastic taped, Louisana
wrapped) on various motor performance
tasks. No significant differences werefound
in performances of speed (22,28), balance
(14,22), agility (19,22,28,30), and vertical
and long jumping (22,30) among any of the
experimental treatments in these studies.
Some researchers have stated that ankle
taping did not significantly affect the ankle
plantar flexion torque production (1,5,7);
however, earlier authors reported that ankle
taping significantly decreased vertical
(13,18) and standing broad jumping ability
(19).
Several comparisons of commercial
or experimentally-adapted ankle braces to
nonelastic adhesive tape under various
experimental conditions have produced
confounding results (3,9-11,21,25). One
study in which ankle stabilizers of varying
or many years it has been common stiffnesses were fitted directly into shoes
practice for athletic trainers to use showed decreased performance over an
prophylactic ankle tape. Many studies have obstacle course (measured by time) as ankle
evaluated the effectiveness of tape under and subtalar movement restriction increased
various experimental conditions, but the (24). Another study using a laboratory in
results have not produced a concensus of strument to apply inversion torque to a
opinion. Several researchers have shown polyurethane foot form to which the re
that tape loses much of its supportive qual- spective supportive devices were attached,
found that after 20 minutes of movement,
the two most restrictive braces lost 4.5%
David Paris is associate professor and 8.5% of ankle support, compared to a
and sports medicine coordinator in the 21% loss of support with adhesive-taped
Department of Exercise Science at ankles (3). Tape provided a 25% greater
Concordia University in Montreal, Que pretest inversion range of motion restric
bec, Canada.
tion than any of the braces, but, after move
ment, there was no difference in residual
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support among the two most effectivebraces
and tape (3).
A more recent study showed that the
Swede-O brace limited passive plantarflexion range of motion significantly more
than any other device when tested after 4
minutes of jogging and walking (7). Also,
the Swede-O brace and the tape significantlyrestrictedpassivedorsiflexionrange
of motion when compared to two other
braces and unsupported ankles (7). Con
versely, a passive measure of ankle ranges
of motion pre- and post-activity showed no
significant ankle or subtalar joint support
from either tape (zinc oxide and elastic) or
elastic ankle guards (Ace and Future) after
1 hour of playing squash (21).
Significantly slower base running
times during softball practice were reported
while wearing one particular ankle brace
as compared to another (8). Others con
cluded that both tape and ankle guards
were effective in retaining ankle immobili
zation and that neither affected lower ex
tremity functioning while running (10).
The purpose of this study was to deter
mine if differences exist in selected tests of
speed, balance, agility, and vertical jump
when performed while using a variety of
experimental conditions, eg, untaped (con
trol), nonelastic taped, and braced ankles.

Methodology

Twenty-five male soccerplayers, who
had been identified through the Canadian
National and Quebec Provincial Soccer
Associations as elite players, were ran
domly selected from a pool of approxi
mately 75 players from the Montreal Re
gional High Performance Centre. Although
some players ' ankles had been injured pre
viously, no residual effects were prevalent
at study time as confirmed by the attending
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athletic trainer. During the study, seven
players withdrew because of injuries in
curred while training with their club teams
or for personal reasons. The remaining 18
players (age = 17.6± 1.7 yr, ht = 69.4+4.4
in, wt = 155.2 ± 9.8 Ib) served as subjects.
All subjects had experienced having their
ankles taped, and 2 weeks prior to the study
they were given the ankle braces to wear
and become accustomed to.
The four selected performance tests as
described by Johnson andNelson(12) were:
(1) the 50-yard sprint, (2) the Nelson Test
of static and dynamic balance, (3) the
SEMO Agility Test, and (4) the Sargent
Chalk Jump Test. All tests were adminis
tered at an indoor athletic complex on a
synthetic surface. Testers remained at the
same stations throughout the study in order
to control the effects of individual vari
ances in data recording.
Speed over adistance of 50 yards from
a standing start was recorded to the nearest
.01 second with a hand-held stopwatch.
The Nelson Test, used to measure both
static and dynamic balance, consisted of a
series of stepping blocks, upon which the
subject was asked to maintain one-footed
balance for 5 seconds, and a 12-foot bal
ance beam, situated 7 inches above the
floor and over which the subject had to
cross both in a heel-to-toe fashion and by
sidestepping.
The SEMO Agility Test, which incor
porates lateral, backward, and forward run
ning, was used to measure agility perfor
mance to the nearest 0.1 second. The
Sargent Chalk Jump Test measured the
distance between the subject's highest
reach on a wall from a standing position
and the wall mark made at the highest point
of the jump. Measurement difference to the
nearest 1A inch was calculated as the vertical
jump data.
Each subject was tested on speed,
balance, agility, and vertical jump in ran
dom order. All tests were performed under
each of the five ankle support conditions.
The order in which the supports were worn
was determined by random selection also.
The subjects completed the battery of ac
tivities under one ankle condition only on
the first day. A period of 7 days preceded
each subsequent testing session for each of
the four remaining experimental condi
tions. The athletic trainer supervised a 10minute warm-up of jogging and stretching
prior to each day's testing.
Under the control condition, each
subject performed the four tests without his
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ankles being taped or braced. For the taped
condition, the subjects shaved their ankles
to 6 inches above the malleoli, and a coat
ing of tape adherent then was sprayed on
the skin to minimize slippage. Antifriction
heel and lace pads with skin lubricant and
underwrap then were applied prior to the
nonelastic adhesive athletic tape. A modi
fication of the Gibney closed basketweave
as shown by Amheim (2) was used. Proxi
mal and distal anchor strips were attached
to the underwrap, but were allowed to
overlap directly onto the shaved skin to
prevent slippage. Two extra strips of tape
(hah0 stirrups) were added to afford the rear
footmoresupportinvalgus(calcanealeversion). All ankles were taped bilaterally by
the same athletic trainer to control the
effects of individual variations.
Braces used were the McDavid A101
ankle brace (McDavid Knee Guard, Inc,
Claredon Hills, 111), New Cross #120 ankle
brace (New Cross International Limited,
Scarborough, Ontario, Canada), and
Swede-O ankle brace (Swede-O-Universal, North Branch, Minn) (Fig 1). Subjects
put on the braces and tightened them ac
cording to the instructions of the athletic
trainer.
Each motor performance test was ana
lyzed with the SAS statistical package
General Linear Model (GLM) one-way
analysis of variance with repeated mea
sures (26). Five planned posthoc compari
sons (Scheffe" tests) were used to identify
thelocation of significant differences among
the group means.

Results

There were no significant differences
among conditions in the results of speed
(F(l,4)=.71,p=.59), balance (F(l,4)=
.52,p=.73), and agility (F(l,4)=.61,p=.66).
However, there were differences found
between vertical jump conditions
(F(l,4)=3.99,p=.01); New Cross-braced
ankles showed less difference than untaped
ankles (Scheffe' p=.054). It is imperative to
note a similar, yet insignificant difference
in vertical jump performance between
untaped ankles and McDavid-braced ankles
(p=.49) (Table 1).

Discussion

Although slower times with ankle
braces have been recorded while base
running during softball practice (8), the
present data support the findings of other
studies that reported no significant differ
ences in speed, balance, and agility when
ankles were taped (14,19,22,28,30). As
there were no significant differences in
performance tests of speed, balance, and
agility in this study—with any ankle sup
port devices or with unsupported ankles—
it would be wrong to conclude that braces
and tape are either helpful or detrimental
in these performance settings. Therefore,
the amount of support offered by an ankle
brace in these activities may be the deter
mining factor of choice.
Over a six-year period, Rovere et al
(25) tabulated ankle injuries of athletes
with taped and braced ankles while wear
ing combinations of high-top and low-top

Fig 1—McDavid (left), New Cross (center), and Swede-0 ankle braces

• 1992 • Journal of Athletic Training

Table 1—Results of Athletic Performance Tests (N=18; Mean and Standard Deviation)
Untaped

Taped

Swede-0
Brace

New Cross
Brace

McDavid
Brace

Speed (sec)

6.60 + 0.31

6.59 ±0.28

6.62 ±0.29

6.70 ±0.30

6.66 ±0.36

Balance (sec)

74.49 ±7.45

76.82 ±8.50

76.39 ±9.30

74.24 ±7.73

76.04 ±9.60

Agility (sec)

11. 69 ±0.84

11. 53 ±0.68

11. 47 ±0.53

11. 64 ±0.71

11. 61 ±0.49

Jump (in)

23.50 + 2.29

22.94 ±1.84

22.60 ±2.38

22.22 ±2.34*

22.36 ±2.02

Significantly different (p > .05) from untaped condition (control)
shoes. They reported that, overall, fewer
injuries occurred while wearing low-top
shoes in combination with lace-up ankle
braces.
The present study revealed a signifi
cant decrease (5.4%) in vertical jump per
formance between untaped and New
Cross-braced ankles. A decrease in this
activity, although insignificant, also was
noted among untaped and McDavidbraced (4.9%), Swede-O-braced (3.8%),
and taped (2.4%) ankles. Burks et al (4)
also reported decreased performances
(3.4% to 4.6%) in the vertical jump while
wearing tape, or either of two types of
ankle braces (Swede-O and Kallassy)
when compared to unsupported ankles.
Similar percentage decreases in the stand
ing broad jump performances were ob
served with the Swede-O brace and in the
shuttle run with the Kallassy brace (4).
Further, two older studies on jump perfor
mance yielded decreased vertical (13,18)
and standing broad jump (18) scores with
taped ankles compared to untaped ankles.
It also is interesting to note that Gehlsen et
al (7) recorded significantly lower
plantarflexion torque at slow and moder
ate speeds with taped and braced ankles
when compared to unsupported ankles.
Is the small percentage decrease in ath
letic performance when wearing ankle pro
phylactic devices warranted in orderto achieve
increased ankle joint protection (4)? Table 1
shows the mean differences in vertical jump
ing among two of the braces (Swede-O and
McDavid) and the untaped ankles as 0.9
and 1.14 inches respectively. These differ
ences were statistically insignificant. How
ever, the argument for the need to maintain
maximal performance capabilities may be
supported by the examples of the soccer
goalie who needs the extra measure to fin

gertip a shot over the crossbar, or a basket
ball playerfaced withatipoff.However, ankle
injuries are the most frequent injuries occur
ring in sports (2), and,fromtheathletictrainer's
point of view, allpreventivemeasuresmustbe
taken.
The findings of this study suggest that
some commercial ankle braces may be
used as ankle support alternatives to tape in
selected activities. However, future re
search on ankle prophylaxes should focus
on their effects on vertical jump perfor
mance over extended activity periods. The
residual support that braces provide during
and after prolonged activities also should
be investigated.
Subjects' performances in speed, bal
ance, and agility were not significantly
affected by wearing tape or braces when
compared to wearing no ankle support.
Similarly, no significant differences in ver
tical jump performance were found be
tween taped and braced ankles. Therefore,
budgetary considerations may be the criti

cal factor when selecting certain ankle
braces to replace nonelastic adhesive tape.
Many teams have limited budgets for
medical supplies. This concern was impor
tant as early as the mid-1970s (19). Other
researchers (11,25) have noted the costeffectiveness of using braces instead of
tape. Table 2 represents the expenditure
when purchasing tape and braces for the 25week season of a college basketball team.
The players would be active 6 out of 7 days
per week, including games and practices.
With a top quality IV^-inch zinc oxide
athletic tape at an approximate cost of
$2.00 (Canadian) per roll, an average of
two thirds of a roll would be used to tape
one ankle in the modified Gibney closed
basketweave. With adjunct supplies such
as tape adherent, underwrap, heel and lace
pads, and skin lubricant, the total cost of
taping one ankle was projected at $1.45
(Canadian). When braces are substituted
for tape, a net saving of 63.2% can be made
during a basketball season.

Table 2. —Tape and Ankle Brace Cost Comparisons During a
25-week Basketball Season (prices in Canadian Funds)
A.

Tape cost per player
Participation: 6 days/week
150 days total participation x 2 ankles
= 300 protected ankles/season
300 ankles @$ 1.45

$435.00

B.

Brace cost per player
4 braces/season
(Based on two pairs per season)
4 braces @ $40.00

$160.00

C.

Savings (A - B) / per player
12-player roster savings
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$275.00 (63.2%)
$3300.00
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Savings can also be estimated for a
soccer player who plays and practices three
times per week (61.6%) for an all year (48
week) indoor-outdoor season, and for a
football player active 6 days per week
during a 10-week season (54.0%). The
latter would purchase one pair of braces for
a short season. The soccer player's costs
for braces would be liberal as the figures
are based on the purchase of two pairs of
braces per year. If only one pair was used
for a complete season, the savings would
increase for both soccer (80.8%) and bas
ketball (81.6%), with the latter team bud
get savings for a 12-man roster increasing
from $3300 to $4260.
I conclude that some commercial
ankle braces may be used as an alternative
to adhesive tape, and that athletic trainers
might want to consider them in light of
potential savings.
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Weight Cycling Practices and Long-term
Health Conditions in a Sample of Former
Wrestlers and Other Collegiate Athletes
Susan A. Nitzke, PhD, RD
S. Jane Voichick, PhD
Diane Olson, RD
ABSTRACT: Weight cycling (repeated epi
sodes of weight loss and regain) has been
shown to reduce the resting metabolic rate
in some chronic dieters. Concerns have
been raised that wrestlers' repeated pat
terns of weight loss and gain may reduce
metabolic rates and increase long-term
health risks. We conducted this study to
assess previous weight loss practices, cur
rent body weight, and incidence of chronic
disease in a sample of male athletes who
earned athletic letters in intercollegiate
sports at the University ofWisconsin-Madison between 1950 and 1988. Survey ques
tionnaires were mailed to 79 ex-wrestlers
and 153 nonwrestling athletes, with re
sponses from 60 wrestlers (76%) and 104
nonwrestlers (68%). We found no signifi
cant differences in weight gained after
graduation (10.2 pounds for wrestlers and
8.6 pounds for nonwrestling athletes), cur
rent exercise practices, incidence of
chronic disease, prevalence ofobesity, and
current dieting rates in this sample offormer
college athletes. Collegiate wrestlers
gained an average of16pounds during the
off-season. Most wrestlers reported that
they lost between 3 and 11 pounds per
match and that they used a combination of
five or more weight loss techniques. Most
frequently reported techniques included
increasing exercise, restrictingfood, exer
cising in a hot environment, using a steam
room or sauna, restricting fluids, and ex
ercising in a rubber or plastic suit. Fewer
Susan Nitzke is an associate profes
sor with the University ofWisconsin-Madison in Madison, WI.
Jane Voichick is a professor with the
University of Wisconsin-Madison.
Diane Olson is a graduate student at
the University of Wisconsin-Madison.

wrestlers than nonwrestlers reported that
they smoked tobacco. The health effects of
changes in proportions of fat-free body
mass after weight cycling were not ad
dressed in this survey. The hypothesis that
numerous cycles of weight loss and regain
among wrestlers may result in long-term
weight gain and/or increased risk ofchronic
disease was not supported by the results of
this survey.

R

epeated episodes of weight loss and
regain (weight cycling) have been
associated with reduced resting metabolic
rate (RMR), altered patterns of body fat
distribution, and increased rates of weight
gain (3,7,13). These changes may be harm
ful because they have been associated with
increased risk of chronic diseases such as
coronary heart disease (11). Previous
weight cycling practices of former college
wrestlers may lead to increased rates of
obesity, high blood pressure, and coronary
heart disease that are higher than those of
former athletes from other collegiate sports.
This descriptive study was conducted to
assess the weight loss practices and current
prevalence of chronic disease associated
with weight cycling and obesity in a sample
of former collegiate wrestlers and other
collegiate athletes.
Weight cycling has been a common
practice among high school and collegiate
wrestlers (1,9,10,15,16,19,20,22). While
such practices have been associated with
reduced RMR in adolescent athletes (17),
there has been little, if any, systematic
study of the long-term health implications
of these practices. Brownell et al (5) re
viewed the metabolic and health effects of
weight loss practices of athletes, including
wrestlers, and predicted that wrestlers may
experience enhanced food efficiency and
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possibly increased susceptibility to obe
sity in later life. They recommended stud
ies of weight changes in wrestlers to verify
those predictions. Gunderson and Mclntosh (8) found a greater incidence of selfreported obesity and indicators of chronic
disease in a sample of ex-collegiate wres
tlers. In contrast, Melby et al (12) com
pared RMR between 12 weight cycling
collegiate wrestlers and 13 weight stable
wrestlers before, during, and after a 6month wrestling season and reported that
participation in numerous cycles of weight
loss and regain over the course of several
months did not lower RMR.

Methods

We mailed questionnaires to 232
former athletes from the University of
Wisconsin at Madison. The sample con
sisted of all of the 79 ex-athletes who: (1)
earned letters in wrestling, (2) graduated
between 1950 and 1988, and (3) had ad
dresses listed in a current sports alumni
directory (listed alphabetically by year of
graduation). Our control group consisted
of 153 former athletes. Each time a former
wrestler was identified for our sample, we
selected controls by picking the next two
athletes who graduated in the same year
and earned the same number of letters in
nonwrestling sports.
We sent a follow-up letter to nonresponders to encourage .their participation in
this study. Sixty wrestlers (76%) and 92
nonwrestlers (60%) returned useable surveys.
The nonwrestlers in our sample included ath
letes who earned letters in football (n=19),
basketbau(n=10),crew(n=10),baseball(n=9),
track (n=8), swimming (n=6), golf (n=6), gym
nastics (n=4), hockey (n=3), fencing (n=3),
tennis (n=2), cross-country (n=2), soccer (n=2),
and combinations of football with track, golf,
or crew (n=8).
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We compared groups to identify dif
ferences in weight, body mass index (BMI),
and smoking status via standard t-tests
(14). All other comparisons were done
with chi-square statistics.
We used each athlete's self-reported
height and weight to calculate body mass
index (BMI, also known as Quetelet index,
measured as kg/m2) and categorized ath
letes as underweight, appropriate, over
weight, or obese (less than 19.5,19.5 to 24.4,
24.5 to 29.4, and greater than 29.4 kg/m2,
respectively). Body mass index is com
monly used as an indicator of body fatness
because the correlation of BMI with body
fat, as determined by direct measures of
body density, is between 0.7 and 0.8 (4).
We also assignedrankings according to the
estimated severity of wrestlers' weightless
techniques. A rank of 1 was assigned to
weight loss methods that are normally rec
ommended by nutrition experts, a rank of 2
indicates that the technique may contribute
to dehydration, and 3 indicates a technique
for which the likely consequences aremore
drastic, such as acute dehydration.
It may be unreasonable to expect de
tectable changes in chronic health condi
tions among younger athletes who have
had only 3 to 20 years elapse since the end
of the collegiate competitions. Therefore,
we split our sample into younger (younger
than 40 years) and older (40 years or older)
groups to analyze the prevalence of chronic
disease.

Wrestlers'
mean weights

Nonwrestlers1
mean weights

Probability

25.4
26.9

25.1
26.2

0.204
0.523

Weight at graduation
Weight in 1990

78.4 kg
83.0kg

85.8 kg
89.7kg

0.003
0.007

Mean weight gained
since graduation

4.49kg

3.75kg

0.58

BMI at graduation
BMI in 1990

Table 2—Proportions of Athletes Who Were Rated in
Various Weight Categories According to Body Mass Index
n

Body Weights
Wrestlers weighed less than
nonwrestlers at the time of graduationfrom
college and at the time of the survey (Table
1). However, body mass index values were
similar for wrestlers and nonwrestlers at
both times and there was no difference
between wrestlers and nonwrestlers in the
amount of weight that had been gained
since graduation.
There were no differences between
sports in the proportions who were under
weight, appropriate weight, overweight, or
obese at the time of graduation (^(3) =
3.83, p = 0.28) or at the time of the survey
(X1(2) = 1.86, p = 0.40) (Table 2). Both
wrestlers and nonwrestlers had experienced
significant upward shifts in the proportions
who were in the overweight or obese cat
egories (X2(6) = 26.57, p = 0.001 for wres
tlers and ^(6) = 42.76, p = 0.001 for
nonwrestlers). There was no difference in
the proportions of wrestlers and
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Wrestlers
percent

Nonwrestlers
percent
n

During wrestling season
Underweight
Appropriate weight
Overweight
Obese

5
45
6
3

8.5
76.3
10.2

At graduation
Underweight
Appropriate weight
Overweight
Obese

1
24
32
3

1.7
40.0
53.3
5.0

5
40
37
9

5.5
44.0
40.7
9.9

0
14
36
10

0
23.3
60.0

0
29
52
10

0
31.9
57.1
11.0

In 1990

Results
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Table 1—Mean Body Mass Index (BMI) Values and Body Weights of
Wrestlers and Nonwrestlers

Underweight
Appropriate weight
Overweight
Obese

5.1

16.7

'Data on weight during sport seasons were not collected for nonwrestlers in this survey.
nonwrestlers who reported a problem in
maintaining their weight at the time of the
survey (32% of wrestlers and 28% of
nonwrestiers;X2(l)=0.19,p=0.67).When
asked if they had a weight problem in
college, 29% of wrestlers vs 8% of
nonwrestlers said they had experienced
weightproblems(X2(l)=11.39,p=0.001).
Current Weight Control Practices
There was no difference between the
proportions of wrestlers and nonwrestlers
who were dieting at the time of the survey
(10% and 20%, respectively; ^(1) = 2.59,
p = 0.11). Of those who were dieting, there
were no detectable differences in the diet
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ing methods used (^(12) = 10.94, p =
0.53). The type of diet most frequently
mentioned by both groups was a low-cho
lesterol diet (reported by two wrestlers and
four nonwrestlers in response to an openended question).
Other Lifestyle Practices
Fewer wrestlers than non wrestlers had
ever been cigarette smokers (15% and29%,
respectively; X^l)=4.29, p = 0.04). How
ever, the number of years of smoking did
not differ for wrestlers and nonwrestlers
who reported that they had been smokers
(14.3 years for wrestlers and 13.1 years for
nonwrestlers, (t(34) = 0.29, p = 0.77)).
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Exercising on a regular basis (at least 30
minutes, three times per week) was re
ported by 77% of wrestlers and 72% of
nonwrestlers (X^l) = 0.32, p = 0.57), and
there were no significant differences in the
number of athletes who listed aerobic forms
of exercise in their regular routines (62%
and 51%, respectively; ^(1) = 2.58, p =
0.11).

Table 3—Wrestlers' Weight Loss Techniques
Severity
Index*

Technique

Restricting food intake
Increasing exercise
Restricting fluids
Spitting
Taking saliva stimulants
Exercising in hot environment
Exercising in rubber suit
Sitting in a steam room
Taking laxatives
Vomiting
Other (unspecified)
None

1
1
2
2
2
3
3
3
3
3
1
0

Ranked First
Users
& 60s 1970s & 80s
1950s
80s
&
1970s
1950s & 60s
grads
grads
grads
grads

25
24
19
10
7

30
31
28
3
1
31
28
27
0
1
0
1

15
5
3
0
0
1
0
1
0
0
0
0

8
8
3
0
0
8
4
1
0
0

Wrestlers' Weight Loss Practices
20
Over half of the wrestlers in this study
5
lost
always"
"almost
had
they
indicated
21
weight in order to make weight for wres
2
tling matches. The most frequently re
0
ported amount of weight lost per match
0
was 9 to 11 pounds (4.1-5 kg). When asked
1
for their largest weight loss in 1 week to
"make weight" for a match, wrestlers re
*Weight loss techniques with higher severity ratings are more likely to cause severe
ported losing a mean of 13.2 pounds (6.0
kg) with a range of 4 to 30 pounds (1.8
dehydration.
13.6 kg). There was a significant differ
ence of 16 pounds (7.3 kg) between the
wrestlers' mean weight during the wres did so. Also, of graduates from 1950 to athletes had developed health problems
tling season and the usual weight during 1969, 26% reported reducing food intake OP(4) = 12.62, p = 0.01 for wrestlers; ]P(4)
the off-season (t(l) = 9.04, p = 0.0001). as their #1 ranked technique, while only = 33.60,p<0.001 fornonwresflers). When
Forty-eight percent of wrestlers indicated 12% who graduated between 1970 and looking only at athletes who were 40 and
older, more nonwrestlers (68%) than wres
that their highest off-season weights had 1988 did so.
(42%) had developed health problems
tlers
occurred during the summers.
= 5.23, p = 0.02). In addition, more
(;P(1)
Problems
Health
Wrestlers were considered to be yo
older nonwrestlers (49%) than the
the
of
differences
significant
no
were
There
yo dieters if they reported losing weight for
(23%) had developed heart
wrestlers
older
of
number
the
in
0.10)
=
p
9.35,
=
(X2(5)
matches.
more than half of their
angina, heart at
(hypertension,
problems
and
wrestlers
by
reported
problems
health
weight
losing
Nonwrestlers who reported
high
cholesterol,
high
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differences in chronic disease prevalence
between younger wrestlers and younger
nonwrestlers.

Discussion

Long-term memory of body weight is
a reliable measure of previous weight (6).
The magnitude of weight lost during cy
cling in our study (mode = 4.1 - 5 kg) is
consistent with other reports of wrestlers'
practices to lose weight. In two studies of
college-age wrestlers, mean losses of 4.8
kg from preseason to midseason (12) and
3.4 kg from midseason to postseason (18)
were reported. More severe losses were
reported among 14 weight cycling high
school wrestlers who lost between 5.9 and
6.8 kg in a week.
Wrestlers' practices to lose weight
have been a subject of concern for the
American College of Sports Medicine (1)
and the American Medical Association
(2). However, the hypothesis that former
wrestlers have increased risk of obesity
and chronic disease is not supported by the
results of this study. When compared to
former athletes from other sports, wrestlers
in this sample had no more prevalence of
self-reported obesity and weight control
problems. Heart disease was less preva
lent in wrestlers 40 years and older, than
other athletes of the same age. Former
wrestlers were less likely, however, than
other athletes to have smoked tobacco, and
smoking rates may be important in evalu
ating the practical significance of associa
tions between wrestlers' weight loss prac
tices and chronic disease rates.
Wrestlers who use rapid weight loss
techniques may experience severe dehy
dration leading to a decrease in the volume
of fluid being filtered by the kidneys (13).
Wrestlers in this study reported no more
problems with kidney disease than
nonwrestlers, butfurtherresearch is needed
to specifically address the possible longterm consequences of dehydration in wres
tlers.
Studies that use more precise indica
tors of body composition, RMR, renal func
tion, and chronic disease risk factors such

as blood cholesterol levels and arterial
blockage would more clearly identify the
long-term health effects of weight cycling
in wrestlers. In our study, athletes from
sports other than wrestling were not asked
about weight gains or losses during the
athletic season. It is likely that athletes
from certain sports such as football and
rowing would have experienced some de
liberate or concomitant changes in body
weight during periods of competition.
Further research is needed to make com
parisons among sports for such variations
in body weight among athletes from differ
ent sports.
In this sample of former athletes, wres
tlers who graduated in 1970 or later were
more likely to have used drastic weight
reduction methods than the wrestlers who
graduated in the 1950s and 1960s. It is
possible that the more severe weight cy
cling practices of former wrestlers in this
sample were too recent to produce a detect
able pattern of long-term health risks in a
sample this size. Similarly, our study did
not address the potential for harm in weight
cycling practices among adolescent ath
letes who may be more susceptible be
cause they are growing at arapidrate. Such
determinations are beyond the scope of
this study, but may warrant investigation in
future research. There is no evidence in
this study to suggest that athletic trainers
need to discontinue reasonable and pru
dent weight loss recommendations for
young adult wrestlers.
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The Athletic Trainer's Role in Modifying
Nutritional Behaviors of Adolescent
Athletes: Putting Theory into Practice
Robert M. Hackman, PhD
Jane E. Katra, MS
Susan M. Geertsen, MS, ATC
ABSTRACT: Nutritionalpractices influence
athletic performance and recovery from
injury. The athletic trainer is ideally posi
tioned to effect dietary changes with ado
lescent athletes—a group at high-risk for
nutritional imbalances. Research shows
that young adults generally do not change
dietary practices when given factual nutri
tion and health information. This article
provides a variety ofbehavior change strat
egies, based on models derivedfrom health
education and health psychology, which
are likely to influence dietary choices. Pro
moting self-efficacy by enhancing percep
tion of choice and control, peer modeling,
cooperative support networks, goal-setting
techniques, and behavioral self-monitor
ing may provide the motivational frame
work necessary to enhance dietary compli
ance. Dietary behavior change techniques
are a valuable part of an athletic trainer's
resources.

this article provides a theoretical basis and
practical suggestions for incorporating nutritioneducationanddietary behavior change
into a comprehensive training program.

Nutrition Issues for Athletes and
Athletic Trainers

Making dietary choices consistent with
optimal physical and mental performance
is an integral part of an athlete's training
program. The impact of nutrition on ath
letic performance is significant during ado
lescence, because physiological and bio
chemical systems have not yet fully ma
tured and the need for exogenous support of
growing tissue is greater than in adulthood.
Unfortunately, most young athletes regu
larly make poor nutritional choices. Ath
letic trainers can provide young athletes
with the needed evidence of enhanced per
formance and recovery from injury that is
attainable through a well-chosen nutritional
program. They also can motivate them to
incorporate good nutrition into their overall
ncouraging high school athletes to eat training program.
well is a challenge for athletic trainers,
Adolescent athletes may risk their nu
because improvements of dietary behavior trition and health status due to poor dietary
really are the only means to enhance nutri practices, inadequate nutrition knowledge,
tional status. Athletic trainers know the frequent intake of inappropriate dietary
value of optimal nutrition in sports perfor supplements, and a propensity to follow
mance and rehabilitation, and may wish to dietary fads (12, 24). At the high school
add new skills to help athletes change their level, the typical male athlete eats a great
dietary behaviors. After briefly reviewing deal of food while many female athletes eat
the context of nutrition for young athletes, too little. Even when sufficient calories are
consumed, diets may be marginally defi
Robert Hackman is an associate pro cient in micronutrients such as iron (27),
fessor of nutrition at the University of magnesium (11), and zinc (16), which are
essential to perform optimally in sport or to
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mass in football (1). The female athlete
whose caloric intake is below her caloric
expenditure is typically suffering from
the social pressures that promote women
to diet and exercise compulsively in an
attempt to conform to an unrealistic stan
dard of slenderness (10). Coaches may
exacerbate this dieting pressure by urging
young women and men to achieve a target
body weight inconsistent with normal
growth and development, which ignores
their genetically endowed body type. An
additional factor that may enhance an
adolescent's drive toward thinness is the
perceived benefit of competing in a sport
where weight may be a disadvantage (eg,
distance running, gymnastics, swimming,
diving, wrestling, cheer-leading). The
combination of high physical demands
and dietary restrictions places many fe
male and male athletes at great risk of
nutritional deficiencies and the possibil
ity of developing an eating disorder (10).
An athlete's beliefs about his or her
body can also motivate his or her behavior.
A positive body image can build self-es
teem and help an athlete achieve goals
consistent with optimal sports performance
and a healthy lifestyle. On the other hand,
body image dissatisfaction or a negative
body image can lead to serf-destructive
behaviors (20). Body image is an intense
emotional issue with many high school
athletes, especially girls. How they see
themselves and how they think others see
them profoundly influence their nutritional
choices.
Adolescents are at nutritional risk be
cause of both physiological and psychosocial influences (30). Dramatic increases
in physical growth and development create
a high demand for vitamins, minerals, pro
tein, and energy. Psychosocial changes
such as the search for independence and

identity, concern for appearance, and active
lifestyles can have a strong impact on nutri
ent intake. Highly nutritious meals and
snacks may be secondary considerations,
because teenagers tend to base their food
choices on convenience, taste, affordability,
time, and peer influence (8, 19, 22, 23)
rather than on exercise and recovery needs.
Nutritional choices of high school ath
letes may be affected by a concern for body
image (10). Adolescents at this age often
feel a need to maintain a particular social
image, which could translate nutritionally
into the foods they eat in front of their peers
(12). Many may believe it is inappropriate
or embarrassing to eat carrot sticks or pears
in the presence of friends and teammates.
Athletes may perceive that eating a bag of
chips or cookies could bring much more
popularity than eating salads or fresh fruit.
One way athletic trainers can help male
athletes find a healthful balance in the foods
they eat is to promote the act of sharing
snacks. Sharing a submarine sandwich cut
into one- or two-inch individual servings, a
bunch of grapes or other popular fruit, or a
bag of bagels, are all possible health- and
performance-enhancing behaviors that ath
letic trainers can promote. Young male
athletes can discover that they are able to
eat healthfully, be popular, and maintain a
strong image all at the same time.
Many adolescent athletes have been
informed about good health and nutrition
practices from teachers, nurses, and coaches
(2,30), as well as from numerous articles in
reputable popular magazines (29,30). How
ever, knowledge alone is rarely sufficient to
promote behavior change, and a discrep
ancy between teenagers' health knowledge
and their behaviorhas been frequently noted
(6,21,26). Although adolescents may be
generally well-informed about good health
practices, this knowledge often is poorly
translated into their daily lives (30). Rather
than focusing nutrition education programs
solely on food facts and knowledge, educa
tors and athletic trainers must address the
additional factors of attitudes and values to
help create the desired outcome of motiva
tion and dietary behavior change (7).
People change their health behaviors
when they perceive a reason for the change
or when they know that the change will
make a positive difference in their lives (9,
15). Among the potential benefits resulting
from optimal food choices are an increase
in the level of athletic performance, a de
crease in healing time after injury, a greater
assurance of optimal physical development,

an increase in the athlete's self-concept,
and the establishment of long-term eating
patterns that will likely contribute to robust
health later in life.

Self-Efficacy

A theoretical rationale for identifying
goals, outcomes, or expectations is based
on self-efficacy theory (15). Self-efficacy
is a situation-specific form of self-confi
dence, or the belief that one is competent
and can do whatever needs to be done in a
specific situation (14). This sense of "I can
do" refers to a personal judgment of how
well one can organize and implement pat
terns of behavior in situations that may
contain certain novel, unpredictable, or
stressful elements (3). Bandura (5) has
suggested four sources of self-efficacy at
tainment for behavior change, which form a
model, in part, for the ideas presented in this
paper. Self-efficacy can be achieved through
the following four methods:
1. Guided practice of the desired behav
ior (enactive attainment through skill
mastery)
2. Vicarious experiences of success (mod
eling of peers, athletic trainers, and
significant others, and reflecting on
past successes)
3. Social persuasion (bulletin boards,
sharing of ideas and menus, rewards,
involvement of the family and coaches
in the social support network, and tes
timonials of success), and
4. Ability to monitor physiological
changes (increase positive behavioral
cues, decrease negative cues, activerole-playing of desired behavior in dif
ficult situations, goal-setting, and be
havioral self-monitoring)
Social learning theory, used inrelation
to self-efficacy, suggests that a person's
learning and social experiences, coupled
with his or her values and expectations,
influence behavior (1,4,31). Social learn
ing theorists contend that adolescents will
model behavior according to three things:
(1) the reactions they receive from others,
(2) the behavior of those adults with whom
they are in close contact, and (3) the behav
ior they view on TV and in movies (31).
Adolescents particularly are more likely to
model what they see, rather than what they
hear people say. Therefore, seeing other
important people, such as parents, coaches,
teammates, and athletic trainers eating well
and talking about the value of nutrition and
sports performance is likely to influence the
young athlete (25).
Volume 27 •
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Enhancing Perception of Choice
and Control

A perceived sense of control may be
one of the most important elements influ
encing an adolescent's food choices. Per
ception of control, or the belief that one can
exercise personal choice (21), creates a
sense of competence, usefulness, and pur
pose. At their critical stage of psychologi
cal development, adolescents begin to ex
perience a sense of freedom and personal
selection regarding lifestyle choices (18).
By enhancing a perception of control, the
athletic trainer assists in the athlete's per
sonal development. Linking perception of
control with health-promoting dietary
choices is a skill that may be viewed as part
of the athletic trainer's equipment. En
hanced perception of choice and control
can be achieved through a positive context
of nutrition education, peer modeling, ad
vice by role models, the observation of
behaviors of significant others, marketing
and advertising messages, goal-setting, and
the voicing of a commitment.

A Positive Context for Nutrition
Education

Nutrition education that employs a
positive context to promote healthful eat
ing is likely to be more useful than a pro
gram that uses a fear-based warning ap
proach (24). People react to positive mes
sages much better than to negative ones.
An athletic trainer has a better chance of
influencing an athlete's nutritional behav
ior by emphasizing the relationship be
tween optimal nutrition and the athlete's
performance and recovery, rather than by
instilling guilt and fear with warnings about
what to avoid (19). Continually promot
ing "what to do" and diminishing dialogue
about "what not to do" will help young
athletes learn an optimistic approach to
nutrition (28). Emphasizing immediate or
short-term benefits also is more likely to be
effective than simply linking the nutrition
message with some distant view that one
will "feel better."
Increasing perception of choice also
will help ensure success. An adolescent
who is told what nutritional changes to
make will not respond as well as an athlete
who is given anumber of options that would
result in positive change. Encouraging
young athletes to choose their own dietary
goals and practices increases their sense of
ownership and responsibility for their di
etary choices. The athletic trainer will have
greater success if the athlete is presented
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with a number of nutritional options, all of
which would be beneficial, rather than pre
scribing one specific dietary change. For
example, the athletic trainer could identify
three options, such as increasing complex
carbohydrate intake, consuming more vita
min C-rich fruits and vegetables, or drinking
morewater. Then,lettheathletechoosewhich
of the three goals to concentrate on first

interactions of people who can influence
adolescent athletes' food choices on a daily
basis. Coaches, parents, and other family
members are important components of the
student's support network and can be ac
tively encouraged to participate in a sys
temic effort.

A Cooperative Systems Approach

In addition to modeling health-pro
moting eating behavior and influencing the
nutritional practices of key opinion-leader
teammates, the athletic trainer can incorpo
rate the athletes' coaches and parents into
nutrition education programs. A coopera
tive systems approach, as shown in Figure
1, is one way to illustrate the dynamic
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Marketing Nutrition to Athletes

Marketing and advertising messages
appear to have a strong influence on teen
agers' nutritional behaviors (8, 9). Ado-

ATHLETIC
TRAINER

Peer Modeling

Peer modeling is another effective
method of enhancing perception of choice
and control. Students are more responsive
to the influence of peers who share similar
values and interests than to the influence of
students with dissimilar values (13). In the
high school setting, athletes often eat what
their peers eat. If the athletic trainer can
influence the "leaders" on the team to eat
more nutritionally, other athletes are more
likely to follow the example being set.
The advice and behavior of others—
such as personal friends and authority fig
ures such as coaches, teachers, parents,
older siblings, and accomplished athletes—
are significant factors influencing people
to make favorable dietary behavior changes
(9). The behavioral intention model (1)
suggests that people's perceptions of the
attitudes of "important others," toward a
given behavior or set of behaviors, are
important influences of their own behav
ior. Perceptions can be derived from the
observation of actions and the acquisition
of knowledge from influential persons. In
most cases the athletic trainer is a friend as
well as an authority figure, and has a regu
lar influence on athletes. To function as an
effective role model, the athletic trainer
must be knowledgeable and feel comfort
able with presenting nutrition information
to athletes. In addition, the athletic trainer
must practice the desired behaviors that he
or she hopes will be adopted by the athletes
(23). In a more figurative manner, athletic
trainers and health educators are encour
aged to follow the words of Gandhi: "We
must be the change we wish to see in the
world."

behaviors stimulates social support and selfefficacy in the young athlete.

COACH

ADOLESCENT
- STUDENTATHLETE

PEERS

PARENTS

Fig 1 —A cooperative systems approach that can influence dietary choices of adolescent athletes
The systems approach can be con
sciously encouraged by athletic trainers in
a variety of ways. The athletic trainer is in
a unique position to invite the parents and
coaches to attend sports nutrition work
shops with athletes. Coaches, parents, and
other family members may be encouraged
to participate in joint nutrition goal-setting
activities. Discussion among parents, ath
letes, and coaches concerning how they
may support the athlete in attaining his or
her nutrition goals can be facilitated at
school meetings or potiuck dinners that are
sponsored by the athletic trainer, coach, or
principal.
Awards can be offered by the athletic
trainer to family and team members who
submitrecipes,suchasforthe"tasty-carboquick-meal-of-the-week" competition orfor
the "low-fat, fruit-based dessert" contest, or
even to each team member who meets his or
her nutrition goals. Credit can be given to
athletes who try a new carbohydrate snack
or substitute carbohydrates in place of highfat foods. Public sharing of ideas and pro
motion of efforts to try new foods or eating
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lescents model the behaviors of "star ath
letes," and advertisers capitalize on this
notion by hiring sports heros to sell ath
letic shoes, breakfast cereals, soft drinks,
and a multitude of other products. Ath
letic trainers can use marketing strategies
in similar ways. For example, a bulletin
board in the training room that displays
motivating nutritional messages, along
with pictures of well-known athletes, can
provide an excellent educational format.
The athletic trainer can provide a "nutri
tion message of the week," which athletes
will see on the bulletin board, along with
pictures of star athletes, when they come
to the training room.
A factor analysis of messages that stu
dents found motivating toward changes in
nutritional behaviors has been conducted
(24). The findings may be useful when
designing bulletin boards. The most pow
erful messages for students were:
1. Watermelon, peaches, pineapple,
apples.... You can add lots of variety
to whatyou eat by choosing REFRESH
ING FRUIT.

2.
3.

4.
5.

6.
7.
8.
9.

10.
11.

Fruit makes such a delicious dessert. It
does not leave you with that heavy,
stuffed feeling.
Fruit makes a refreshing dessert. A
bowl of plain sliced peaches and ba
nanas has only about 75 calories and is
so enjoyable.
You can eat a LOT of fruit before the
calories amount to much, because fruit
is so low in calories.
Choose an apple, an orange, or a ba
nana for your sack lunch dessert. Fruit
provides 50-150 calories, compared to
350 calories in two oatmeal cookies.
Do you get in a rut when you eat? Add
interest by choosing a crisp, refreshing
VEGETABLE SALAD often.
Drink water with your meals instead of
punch, unless you need extra calories.
What to drink? Water is an excellent
as a no-calorie beverage.
Compare a banana (about 130 calo
ries) to a piece of cake (about 300
calories). Choose the dessert that fits
YOUR calorie budget.
Fruit juice — such a refreshing AND
nutritious drink!
Fruits and vegetables are important —
eat four or more each day.

Goal Setting

Setting goals is one of the most effec
tive methods that athletic trainers can em
ploy to help young athletes eat well. The
most important element of goal setting is
the focus on desired behaviors rather than
on the problem. A simple five-step method
of setting goals includes these elements:
1. Establish a positive, quantifiable goal.
2. Identify behaviors to achieve the goal.
3. Identify support person(s).
4. Establish an initial action plan.
5. Identify reward.
Behavioral goals generally are rec
ommended over outcome goals, because a
person has control over his or her behavior.
For example, an athlete generally has con
trol over eating a daily low-fat diet consist
ing of six to ten servings of carbohydrates,
four servings of vegetables, four servings
of fruits, two servings of lean protein, two
to three servings of calcium-rich foods,
and eight glasses of water. In contrast, the
athlete may not have control over whether
his or her body loses ten pounds of fat or
gains ten pounds of muscle, since the
amount and rate of gain in lean body mass
is subject to genetic and developmental
limits, regardless of diet. Therefore, goals
that focus on changes in body composition

1. My one week nutritional goal is:

2. Five or more ways I will achieve my
goal are:

3. Whom will I ask to help me?
What will I ask of this person?

4. My first step, in the next two days,
will be to:

5. At the end of the week, I will re ward
myself by:

Fig 2.—A sample goal-setting sheet to help
encourage positive dietary behavior change
generally are not recommended. Athletes
are outcome-oriented, so athletic trainers
can link behavioral goals with outcomes
and still encourage the focus on behaviors.
To operationalize the goal-setting method,
a sample worksheet is provided in Figure 2.
Goals are most effective when set in a
positive, measurable context. The athlete
must be able to measure and record targeted
behaviors. The use of positive statements
helps to create a series of internal images
and memories, which assist in achieving
the goal. When presented with a negative
goal-setting statement, the athlete's mind
may create images inconsistent with the
desired behavior change. For example, if a
teenager is told not to think about eating
chocolate cake, his or her mind recalls
chocolate cake and has difficulty moving
past this image. An alternate approach
would have the athlete focus on the energy
benefits of eating at least five servings of
pasta each week and setting that as a goal.
The mind easily forms images of mounds of
spaghetti noodles served with low-fat to
mato marinara sauce.
Quantifying goals into behavioral terms
is essential to provide structure and refine
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ment toward the dietary changes. After
appropriately identifying a goal, the athlete
is asked to identify specific actions that will
be taken to achieve the goal. Strategies
might include buying the necessary foods,
packing snacks for use before and after a
workout, or writing the goal on a card and
placing the card in one's locker, notebook,
or on the bathroom mirror.
The third step towards successful goal
attainment is to identify a support person—
thus establishing a social support network.
In addition, the athlete must be able to
communicate clearly what specific actions
he or she would like their support person to
take. A teammate, friend, or athletic trainer
may be an ideal support person to provide a
listening ear, a supportive face, and words
of encouragement.
Identifying an action to be taken dur
ing the first 3 days of the goal period is the
next step. Breaking large behavioral goals
into smaller tasks maximizes achievable
outcomes. Secondly, the success of a first
step, however small, establishes a positive
mode and reinforces the athlete to continue
toward the larger goal.
The fifth step in the goal-setting pro
cess is to identify a reward. Rewards are
important because they reinforce the series
of actions and attitudes that resulted in
reaching the athlete's goals. Rewards are
most effective when consistent with the
behavioral goal. For example, a chocolate
sundae is not the best reward for eating
three servings of vegetables each day. Re
wards can include the purchase of non-food
items such as books, anew piece of clothing
or music, bedroom accessories, tickets to
sports or entertainment events, or activities
such as outings, video- or movie-watching,
picnics, social events, or games.
The sample goal-setting sheet in Fig
ure 2 incorporates a 1-week time frame.
Longer times, such as 2,3, or 4 weeks also
can be used effectively, particularly after
the athlete and athletic trainer have estab
lished familiarity with the process. Goals
spanning more than 4 weeks are generally
less effective than short-term goals, be
cause focus and motivation tend to wane as
time passes. Goal attainment is enhanced
when goals are both written and verbalized
to individuals in the athlete's social support
network.

Behavioral Self-Monitoring

A dietary checksheet is auseful tool to
promote healthy food choices in a positive,
intentional context. A written or graphic
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NUTRITION BINGO

H

& Heiicn promotion Associates inc., 19B8

Fig 3—Sample "Nutrition Bingo" behavioral goal record sheet (above) and weekly checklist (facing page)

list of food categories can be presented for
each day, with a targeted number of serv
ings from each category being the athlete's
goal. For example, a "Nutrition Bingo"
system, shown in Figure 3, has been suc
cessfully employed to help direct people
toward dietary goals (17). The weekly
sheet displays graphic images of foods rep
resenting categories such as whole grains,
fruits, vegetables, water, dairy products,
and lean meats/dried beans with a sug
gested number of daily servings. An ath
letic trainer coulddevise a similar checksheet
and distribute copies directly to athletes, or
provide the sheets to coaches for use with a
team. When the checksheet is carried with
the athlete, it serves as a reminder and
motivator regarding foods to be eaten. When
posted on the refrigerator, the sheet can also
serve as a focal point for family discussion,
social support, and meal planning for the
athlete.
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Readiness

Adolescent athletes must be ready be
fore they can take the necessary steps to
change their dietary practices. Readiness is
"the possession of behaviors, attitudes,
skills, andconcomitantresourcesthatmake
it possible for individuals to incorporate a
new health behavior into a permanent
lifestyle (15)." A readiness model shows a
progression from knowledge gathering and
understanding to complete adoption of the
new behavior as part of a lifestyle.
Athletic trainers can apply nutrition
education principles and research to influ
ence adolescent athletes to make healthy
dietary choices. Athletic trainers can edu
cate athletes about nutritional training meth
ods that promote a positive serf-concept as
well as enhance performance, aid in recov
ery from injuries, and contribute to overall
health. A primary goal of athletes is to
participate in their sport in the best physical
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and mental condition possible. By adding
dietary behavior changeto the many therapy
treatments used, athletic trainers will be
helping athletes to reach their personal and
athletic goals.
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NUTRITION BINGO
DAIRY:

One cup lowfat milk or yogurt,
1 1 /2 oz. cheese, or one 300 mg
calcium supplement. Four servings
a day recommended.

VITAMIN CRICH FOODS:

One piece or 1 12 cup Juice of
grapefruit or tangerine; 1 12 cup
melon, strawberries or other berries;
or 1 whole green pepper or tomato.
One serving a day recommended.

LEAFY
GREENS:

One cup raw or 1 12 cup cooked
or kale, chard, spinach, broccoli, or
brussels sprouts; or one cup romalne,
or red or green leaf lettuce. One
serving a day recommended

DARK MEATS
& DRIED
BEANS:

Three oz. of lean beef, pork, or dark
meat from chicken or turkey; or
1 cup cooked beans like pinto beans,
black-eyed peas, split peas, or lentils.
Two servings a day recommended.

WATER:

One cup water or herb tea. six
servings a day recommended.

FRUITS &
VEGETABLES:

one cup raw or 1 12 cup cooked of
any additional fruits or vegetables.
Two servings a day recommended.

WHOLE
GRAINS:

One slice whole-grain bread; 1/2
cup oatmeal, brown rice or other
cooked grains; or 3/4 cup ready-to-eat
whole-grain cereal. Four servings a day
recommended.

TO DO LIST
For my goal this week, I will:

I can answer yes to all of these questions about my
goal:
I_| 1. Does It say exactly what I will do?
I

| 2. Do I have direct control over it?

I

I 3. could a friend see me doing It?

I

I 4. Can I tell when I've accomplished it?

I_I 5. Does It say what I will do rather than what I won't do?
I I 6. is it easy to do?
The steps I will take to reach my goal are:
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CASE STUDY

Maisonneuve Fracture Dislocation
oftheAnkle
F. H. Savoie, III, MD
Michael M. Wilkinson, MS, ATC
Andy Bryan, MEd, ATC
Gene R. Barrett, MD
Walter R. Shelton, MD
J.O. Manning, MD
ABSTRACT: Ligamentous injuries of the
ankle are usually benign and may be man
aged satisfactorily by nonoperative mea
sures. This is not true, however, of the
Maisonneuve variant. In this paper we
present a case report of a high school
athlete who sustained a Maisonneuve frac
ture dislocation of the ankle. The diagnosis
was missed initially, because of an incom
plete examination. The subsequent physi
cal and radiographic examination revealed
the proper diagnosis. Guidelines for the
evaluation and appropriate treatment are
discussed.

O

ne of the most common injuries
sustained by athletes involves apartial tear of the ligaments of the ankle,
commonly termed an ankle sprain (5).
This type of injury usually involves one or
two of the lateral ankle ligaments. Such an
injury is usually satisfactorily managed by
simple taping, adhesive strapping with
stronger support materials, or bracing. In
more severe cases, a brief period of cast
ing may be required to facilitate healing.
A more severe ankle injury involves
a fracture about the ankle and is more
All of the authors are associated with
the Mississippi Sports Medicine and
Orthopaedic Center in Jackson, MS. Felix
Savoie, Gene Barrett, Walter Shelton, and
J.O. Manning are orthopedic surgeons.
Michael Wilkinson and Andy Bryan are ath
letic trainers.
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easily diagnosed by the associated pain,
swelling, and crepitus (5). The same high
energy forces that produce a fracture may
occasionally result in complete tearing of
the ligaments of the ankle and loss of the
stabilizing structures of the ankle mortise
(3). The absence of local crepitus, usu
ally seen in ankle fractures, makes the
diagnosis of these complete ligamentous
injuries difficult. If disruption of the ankle
mortise occurs, surgical stabilization may
be required ( 1,2,4). It is the responsibility
of the evaluating athletic trainer and the
team physician to diagnose these injuries
and render appropriate care. We would
like to present a case report of such an
injury.

Case Report

An 18-year-old male athlete sustained
an ankle injury during a football game. He
had no previous history of injuries to this
ankle. Following the injury he had to be
assisted off the field and could not con
tinue playing. On the bench, the athlete
explained that his foot had been planted,
and when his body twisted, he felt a pop.
He said it seemed as though his foot stayed
behind (indicative of a planted foot). He
complained of severe pain around the en
tire ankle. On the sideline, physical ex
amination revealed tenderness around the
medial and lateral malleoli. There was
minimal swelling and the ligamentous struc
tures were thought to be stable. Because of
the severe pain, he was referred to the
emergency room for radiographic evalua
tion. X-rays of the ankle were reviewed
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Fig 1—Initial ankle radiographs demonstrating
some widening of the ankle mortise

and were felt to be consistent with a simple,
Grade I, ankle sprain (Fig 1). A prefabri
cated splint was applied to the ankle. The
patient was told to use crutches and apply
ice to the ankle. He was given a written
note allowing him to return to play the next
day and was sent home.
The patient returned to school 4 days
following the injury, complaining of se
vere pain and swelling. His coach re
ferred him to the team athletic trainer for
evaluation and management. After ex
amination, the athletic trainer referred the
patient for orthopaedic consultation.

Orthopaedic evaluation revealed a
diffusely swollen ankle. There was ten
derness over the deltoid ligament medi
ally, all of the lateral ligamentous struc
tures, andproximally along the syndesmosis
and interosseous membrane. In addition,
there was crepitus to palpation over the
proximal fibula. Radiographs of the ankle

A conceptual view
of external fotatson

Fig 3.—The radiograph reveals the proximal
fibula fracture associated with a Maisonneuve
fracture dislocation of the ankle.

Fig 2.—The radiograph obtained 72 hours post
injury reveals displacement of the ankle mortise
and a distinct lateral shift of the talus.
revealed a distinct shift of the talus and
disruption of the ankle mortise (Fig 2).
Radiographs of the entire tibia and fibula
revealed widening of the ankle mortise
and the proximal fracture of the fibula,
pathognomonic of a Maisonneuve frac
ture dislocation of the ankle (Fig 3).
Surgical repair of the ankle ligaments
and stabilization of the mortise with a
syndesmotic screw restored normal congruency and function of the ankle (Fig 4).
Recovery was uneventful and the patient
returned to normal athletic activities within
4 months of the injury.

Discussion
Maisonneuve, in 1840, was the first
to recognize the role of external rotation
in the production of injuries to the ankle
(Fig 5) (3). Although he described most
of the more common injuries to the ankle
as well, it is the dissociation of the ankle
mortise, with or without the proximal
fibular fracture, that bears his name (5).
The internal rotation of the leg on the
fixed foot (external foot rotation on a
fixed leg) results in tearing of the deltoid

Fig 4.—Surgical repair of the ligaments and
stabilization of the ankle mortise with a 3.5 mm
cancellous screw clearly restores the normal
anatomical congruity of the ankle mortise.
ligament, anterior and posterior tibiofibular
ligaments, and the syndesmotic ligaments
(3,5). The force then continues up the
interosseous membrane to exit through
the proximal tibiofibular joint or through
the shaft of the proximal fibula (3,5).
It is essential that the injury be recog
nized in the acute phase as the late sequelae
of nonoperative management includes

Volume 27 •

Numbers

Fig 5.—The injury results from an internal rota
tion of the leg on a planted foot. This results in
sequential tearing of the ligaments and progres
sion of the force along the interosseous mem
brane to exit proximally in the leg.
degenerative arthritis and pain, leading to
a dysfunctional ankle (5). Key findings
may include medial ankle tenderness, a
ballottable fibula, and proximal fibular
tenderness (1,2,4). Each of these should
be evaluated in every ankle sprain. Manual
stress testing, radiographs of the entire
lower leg, and stress radiographs may be
helpful in making the diagnosis (5).
Once syndesmotic stabilization is ac
complished, an uneventful recovery is
typical for this injury (1,2,4,5). Immobi
lization is employed for 1 to 3 weeks,
followed by rehabilitation of the
periarticular musculature. Weight bear
ing is delayed for 6 to 8 weeks, until
syndesmotic screw removal.
A Maisonneuve fracture-dislocation
of the ankle should be considered in all
ankle sprains. Simple manual tests and
radiographs aid in diagnosis, allowing for
appropriate treatment and satisfactory
recovery.
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TIP FROM THE FIELD

Ankle Positioning in Ankle Taping of
Swimmers
Timothy Carver, MA, ATC/LAT

W

hen taping an ankle, most athletic
trainers place the ankle in a 90°
neutral position while applying the ath
letic tape (2,3,5,7-9). This position (Fig 1)
is chosen because it is functional in rela
tion to weight-bearing activities. How
ever, an ankle position of 90° is not the
functional position in competitive swim
ming. For proper swimming technique
the ankle should be in full plantar flexion
(1,4,6), which results in a more effective
kick (4).

applying a tape adherent. Begin taping by
placing two anchor strips on the leg (Fig
3) followed by three stirrup-style strips
(Fig 4), which are positioned closer to the
heel of the ankle than when taping in the
neutral position. Then place an anchor
strip (Fig 5) over the top edge of the
stirrups to secure these strips. Continue
with a figure-8 strip (Fig 6) that also is
moved slightly posterior to keep the tape
off the head of the fifth metatarsal. Next
add a lateral (Fig 7) and then a medial heel

Fig 1 —Lateral view of ankle in the traditional 90°
(neutral) taping position

Fig 2—Lateral view of ankle in the full plantar
flexion taping position (Dot on foot is over the
head of the fifth metatarsal.)

Although swimming is not a weightbearing activity, stress is applied to the
ankle by the water as the swimmer kicks.
A competitive swimmer recovering from
a sprained ankle may be unable to kick
with the same force because of ankle
tenderness. The ankle can be taped for
support in order to make the athlete feel
more comfortable while kicking.
When taping for competitive swim
ming, it is best to position the ankle in full
plantar flexion (Fig 2). The ankle is pre
pared by removing the hair and liberally

lock strip (Fig 8); also moved posterior
and angled to avoid the head of the fifth
metatarsal. Finish with anchor strips that
begin at the heel and continue in an over
lapping manner until the top of the stirrup
strips are covered and place one anchor
strip around the midfoot (Fig 9).
Tape the swimmer in close proximity
to the pool—preferably at water's edge—
because normal walking is difficult with
the ankle taped in the plantar-flexed posi
tion. Because of the water, the tape loos
ens much quicker than dry ankle taping.
Therefore, some swimmers need to have
their ankle taped three or four times dur
ing the course of a swim meet. To solve
this problem I recently began using grey
utility (duct) tape on swimmers, as sug
gested in a conversation with William

Timothy Carver is head athletic trainer
and an instructor in the Department ofAth
letics and Physical Education at Oberlin
College in Oberlin, OH.
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Fig 3—Lateral view of ankle with two anchor
strips

Fig 4.—Lateral view of ankle with three stirrup
strips (Edges of the tape are outlined.)

Fig 5.—Lateral view of ankle with anchor strip
securing edge of stirrup strips

Prentice of the University of North Caro
lina (September 1991). This type of tape
seems to be truly waterproof and nor
mally will last an entire swim meet with
only a slight decrease in effectiveness.
The four swimmers whom I have
taped in the full plantar-flexed position

But we are all two-sided. True, the halves of the human body aren't carbon copies. A
body's arms and legs do not perfectly match each other, either in shape or strength.
What if you need to work with more weight on your left leg to strengthen it and, at the
same time, less weight on your right to rehabilitate the knee? The revolutionary Zuess
2000 is your machine. With its breakthrough dual-weight system, it delivers an
amazing range of toning and crunching presses, extensions, benchwork — while being
able to focus exercises on each limb at a totally individualized pace. Your body
experiences a powerhouse, tailored-to-you workout. The Zuess 2000's versatility,
effectiveness and remarkably compact size will give your athletes the option of taking
sides: left or right or both.

Pat. Pending

Molding Tomorrow's Fitness Mythology Today

RJ Designs, Garland, Texas
and Yandry Machine Products *Est. 1978
For More Information: (214) 487-7021

Fig 6—Lateral view of ankle with a figure-8 strip
applied (Arrows indicate the direction of tape.)

Fig 7.—Lateral view of ankle with a lateral heel
lock strip applied

Fig 8—Medial view of ankle with a medial heel
lock strip applied

Fig 9—Lateral view of completed plantar-flexed
position ankle taping

report a greater satisfaction with the pro
cedure, than with the traditional 90° ankle
taping position. And, these swimmers did
not experience any feeling of loss of sta
bility while swimming with their ankles
taped in the plantar-flexed position. Irecommend that athletic trainers consider
taping their swimmers' ankles in the full
plantar-flexion position for added sup
port and comfort.
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smooth resistance.
* Hydraulic cylinders
guaranteed for 5 yrs.
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dorsiflexion eversion.
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TIP FROM THE FIELD

A Simple Splint for Wrestler's Ear
Thomas M. Keating, MD
John Mason, ATC

W

restler's ear, an acute hematoma of
the external ear (1,2), is commonly
associated with wrestlers and other ath
letes who engage in contact sports (3). It
may occur even when protective ear guards
are being used. The syndrome is frequently
difficult to treat adequately because of
patient noncompliance (1,3). The neces
sary postaspiration compression dressing
is time-consuming to apply, often impos
sible to replace accurately, and frequently
is an embarrassment to the patient. Com
monly, its use is discontinued early; there
fore, recurrence of the hematoma results.
We, and others (2,4,5,7,8), have ex
perimented with various techniques for
making a compression splint of the ear.
Casual discussion with Alien Montoye,
DOS, in 1987, led us to try a dental elastomeric impression material. The molded
impression can be easily removed for bath
ing and readily and accurately reapplied
by the patient, resulting in a high degree of
compliance with the treatment program.
In many cases, with care, the splint has
been used safely by athletes who return to
athletics within a few days.
Beginning in March 1987, we treated
a consecutive series of 23 patients without
complication, with an average return to
full activity of 3 days. There was only one
recurrence and it responded successfully
to repeat treatment.
A dental elastomeric impression material,ColtenePresident(Feldwiesenstrasse
20; CH-9450 Altstatten/Svizzera) putty,
was used because it has a very high viscos
ity and can be obtained in various degrees
of viscosity. The working time is approxiThomas Keating is a team physician at
Central Michigan University in Mt. Pleas
ant, MI.
John Mason is head athletic trainer at
Central Michigan University.

mately 5 to 6 minutes at normal body
temperature. It is relatively inexpensive,
keeps well under refrigeration, and is con
venient to use. There is no significant
exothermic reaction as it sets up.
The product is provided as a yellow
base material and a white catalyst (Fig 1),
and will keep virtually indefinitely when
refrigerated. Thematerials aremixedin equal
parts (Fig 2) and kneaded with the fingertips
until the color is uniform (Fig 3).

Fig 1 —Yellow base material and white catalyst
material

The material is approved for use in
the mouth for making impressions of the
teeth, and has been safely used in dentistry
for many years (6). The time of contact
with the mucous membranes is limited for
making dental impressions. The time of
skin contact for treatment of the wrestler' s
ear will be greater, but the ease of removal
facilitates careful follow-up and inspec
tion. We have noted no skin problems
associated with its use, although there
may be the possibility of a contact allergy.
Our technique begins with aspirating
the hematoma with a small needle under
sterile conditions. Then, compression is
maintained with a sterile gauze over the
area while the material is prepared. The
elastomeric material is then molded onto
the ear (Fig 4) forming an accurate impres
sion (Fig 5), taking care to keep the exter
nal auditory canal open. After the material
has set (5 to 6 minutes), it is removed and
trimmed as necessary and then replaced in

Fig 2.—Equal parts of each material

Fig 4.—The material is molded onto the ear.

Fig 3.—Using the finger tips, the base and
catalyst are mixed.

Fig 5—The material forms an accurate impres
sion.
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HEART RATE MONITORS
POLAR Heart Rate Monitors allow every
trainer and student to become educated in
the principles of biofeedback and fitness in
a very motivational way. .. Progress is easy
to track with continuous concrete heart
rate data under any exercise level no mat
ter what the outset of a student, a POLAR
Heart Rate Monitor is the most valuable
exercise feedback tool available for all
your fitness education needs.

Fig 6—The mold and padding

Start Today...
Purchase
'Training
Lactate
Pulserate"
book by
Dr. Peter Janssen
Fig 7—The compression wrap

Fitness education professionals around the
world like Beth Kirkpatrick hove
developed their programs using the
POLAR VANTAGE XL and Interface
system which allows you to download,
save, and graphically display up-to 33
hours of exercise performance data on a
PC to perform detailed analysis and ad
justments to training programs.
The
motivational and educational values of this
system are endless...

the ear. We place a pad of foam or cotton balls behind the auricle
(Fig 6) and apply a compression wrap (Fig 7).
We instruct the patient to maintain compression for the next
5 days. After 24 hours we allow the patient to remove the pad
briefly during bathing and shampooing. Within a few days of
injury, the patient can return to wrestling activity with normal ear
protection over the mold.

References
1.
2.
3.
4.
5.

POLAR CIC, Inc.
99 Seov/e\v Blvd.
Pf. Washington, NY 11050

(5]6) 484-2400

FORA
STRONGER
HEART

6.
7.
8.

274

Volume 27 •

Number 3

Benedum VJ. Ohrverletzungen an Athleten auf Darstellungen des Altertums und
ihre Beziehung zur medizinischen Literatur der Zeit. Gesnerus. 1968;25:11-28.
Eade GG. Preventing cauliflower ear. Northwest Med. February 1964;63:99.
Giffen CS. The wrestler's ear (acute auricular hematoma). Arch Otolaryngol.
1985;3:161-164.
Kelleher JC, Sullivan JG, Baibak GJ, Dean RK. The wrestler's ear. Plast
ReconstrSurg. 1967;40:541-546.
King JA. Silicone rubbermolds as an adjunct in the treatment of hematomas of
the ears. Sports Med. 1985;2:13-14.
Phillips RW. Skinner's Science of Dental Materials. Philadelphia, Pa: WB
Saunders Company; 1973:136-156.
Savage R, Bevivino J, Mustafa E. Treatment of acute otohematoma with
compression sutures. Ann Emerg Med. 1981;10:641-642.
Stuteville OH, Janda C, Pandya NJ: Treating the injured ear to prevent a
"cauliflower ear." Plast Reconstr Surg. 1969;44:310-312.

• 1992 • Journal of Athletic Training

mum
ilium
iiiiiiii
tiiiiiii
iiiiiin
iiiiiiii
iiiiiin
iiiiiiii
iiiiiin
iiiiiin
iiiiiiii
iiiiiin
IIIIIIH
IIIIIHI
IIIIIIH
IIIIIHI
IIIIIIH

SPORT ALL

TM

BACK

SUPPORT

PATENT PENDING

Unlike other back supports that
claim to be unique,
the Saunders S'port All
REALLY IS!
The S'port All, developed by noted Physical
Therapist Duane Saunders, is designed to
prevent and treat lower back pain. Because
it combines an adjustable back support
with an elastic athletic short, it won't ride
up during vigorous activity. This means the
S'port All provides continual, non-restrictive
support and protection where it is needed
most ~ at the base of the spine where 90%
of back problems occur. The S'port All
also lifts 25% of the weight off the back.

S
• !
Illll"

,,111.
illlH «•»»-

S'port All Sporters

)—Support
Support-

Most Back Supports

90% of all back Injuries
occur at the base of
the spine.
Most back supports
ride up leaving the
base of the spine
unsupported.
Only the Saunders
S'port All provides
back support where
Saunders S'port All It Is needed.

Therapists and trainers such as Dick Martin
of the Minnesota Twins, Herm Schneider
of the Chicago White Sox, Mark Pfeil of
the Milwaukee Bucks, Tony Harris of the
Philadelphia 76ers, Lindsy McLean of the
San Francisco 49ers, Greg Johnson, former
PGA Tour trainer and many health care
professionals use the Saunders S'port All
to treat and prevent back injuries to their
players. They realize that a back support
is only effective if it remains in place during
vigorous activity.

The S'port All is available in S(28-30), M (32-34),
L (36-38), X-L (40-42) and XX-L (44-46),

black or white, with or without fly and retails
for $89.99. The professional price is $59.95
with quantity discounts. Plus shipping and handling.

SIPPETS
A Saunders Group Company
7750 West 78th Street
Minneapolis, MN 55439

"The message I want to get out is that the S'port All back
support is for everyone, not just the professional athlete. We
have many satisfied wearers from all walks of life - truck
drivers, factory workers, accountants, clerks—anyone with a
back problem should try it. It works for prevention too!"
H. Duane Saunders, M.S., P.T.

In Australia Call: ProTherapy Products
(03)819-0254

Worn by Payne Stewart 1991 U.S. Open Champion

Made in the USA

800-654-8357 612-944-1656

Current Literature
Low Back
Bellah RD, Summerville DA, Treves ST,
Micheli LJ. Low-back pain in adolescent
athletes: detection of stress injury to the
pars interarticularis with SPECT. Radiol
ogy. August 1991; 180: 509-512.
Deusinger RH. Biomechanical consider
ations for clinical application in athletes
with low back pain. Clin Sports Med.
1989; 8: 703-715.

Weiker GG. Evaluation and treatment of
common spine and trunk problems. Clin
Sports Med. 1989; 8: 399-417.
Weir MR, Smith DS. Stress reaction of
the pars interarticularis leading to
spondylolysis. A cause of adolescent low
back pain. / Adolesc Health Care. Nov
1989; 10: 573-577.

Foot

Jorgensen U, Winge S. Injuries in badmin
ton. Sports Med. July 1990; 10: 59-64.
Lepore L. Francobandiera C, Maffulli N.
Fracture of the os tibiale externum in a
decathlete. JFootSurg. July - August 1990;
29: 366-368.
Maffulli N, Lepore L, Francobandiera C.
Traumatic lesions of some accessory bones
of the foot in sports activity. J Am Podiatr
MedAssoc. February 1990; 80:86-90.
Maier T, Pietrocarlo T. The foot and foot
wear. Nurs ClinNorthAm. March 1991; 26:
223-231.

Dyment PG. Athletic injuries. Pediatr
Rev. April 1989; 10: 291-299.

Axe MJ. Limb-threatening injuries in sport.
Clin Sports Med. 1989; 8:101-109.

Harvey J, Tanner S. Low back pain in
young athletes. A practical approach. Sports
Med. December 1991; 12: 394-406.

Bates BT. Comment on 'The Influence of
Running Velocity and Midsole Hardness on
External Impact Forces in Heal-Toe-Running.' JBiomech. 1989; 22:963-965.

Marshall P. The rehabilitation of overuse
foot injuries in athletes and dancers. Clin
Podiatr MedSurg.My 1989; 6: 639-655.

Cavanagh PR. J.B. Wolffe memorial lecture.
Biomechanics: a bridge builder among the
sport sciences. Med Sci Sports Exerc. 1990;
22:546-557.

Mattalino AJ, Deese JM Jr, Campbell ED Jr.
Office evaluation and treatment of lower
extremity injuries in the runner. Clin Sports
Med. July 1989; 8:461-475.

Davis AW, Alexander U. Problematic frac
tures and dislocations in the foot and ankle of
athletes. Clin Sports Med. 1990; 9:163-181.

McNerney JE. Sports-medicine consider
ations of lesser metatarsalgia. ClinPodiatr
MedSurg. October 1990; 7: 645-687.

Duddy RK, Duggan RJ, Visser HJ, Brooks
JS, Klamet TG. Diagnosis, treatment, and
rehabilitation of injuries to the lower leg and
foot. Clin Sports Med. 1989; 8: 861-876.

Miller CD, Paulos LE, Parker RD, Fishell
M. The ballet technique shoe: a prelimi
nary study of eleven differently modified
ballet technique shoes using force and
pressure plates. FootAnkle. October 1990;
11:97-100.

Kraus DR, Shapiro D. The symptomatic
lumbar spine in the athlete. Clin Sports
Med. 1989; 8: 59-69.
Mann DC, Keene JS, Drummond DS.
Unusual causes of back pain in athletes. /
Spinal Disord. September 1991; 4: 337343.
Snyder-Mackler L. Rehabilitation of the
athlete with low back dysfunction. Clin
Sports Med. 1989; 8: 717-729.
SwardL. The thoracolumbar spine in young
elite athletes. Current conception of the
effects of physical training. Sports Med.
1992; 12: 357-364.
Sward L, Hellstrom M, Jacobsson B,
Nyman R, Peterson L. Acute injury of the
vertebral ring apophysis and intervertebral disc in adolescent gymnasts. Spine.
February 1990; 15: 144-148.
Tertti M, Paajanen H, KujalaUM, Alanen
A, Salmi TT, Kormano M. Disc degen
eration in young gymnasts. A magnetic
resonance imaging study. Am J Sports
Med. 1990; 18: 206-208.
Watkins RG, Dillin WH. Lumbar spine
injury in the athlete. Clin Sports Med.
1990; 9: 419^48.

276

Volume 27 •

Numbers

Ekstrand J, Nigg BM. Surface-related inju
ries in soccer. Sports Med. Jul 1989; 8: 5662.
Fritz RL, Perrin DH. Cold exposure injuries:
prevention and treatment. Clin Sports Med.
1989; 8:111-128.
Garrick JG, RequaRK. The epidemiology of
foot and ankle injuries in sports. ClinPodiatr
MedSurg.My 1989; 6: 629-637.
Gillham NR, Villar RN. Postero-lateral
subluxation ofthe superior tibio-fibularjoint.
BrJ Sports Med. September 1989; 23: 195196.
Harbin G, Durst L, Harbin D. Evaluation of
oculomotorresponseinrelationship to sports
performance. Med Sci Sports Exerc. 1989;
21: 258-262.

• 1992 • Journal of Athletic Training

Montgomery LC, Nelson FR, Norton JP,
Deuster PA. Orthopedic history and ex
amination in the etiology of overuse inju
ries. Med Sci Sports Exerc. 1989; 21:237243.
Myburgh KH, Hutchins J, Fattaar AB,
Hough SF, Noakes TD. Low bone density
is an etiologic factor for stress fractures in
athletes./l««/tttemM<?d.Novemberl990;
113:754-759.
Nichols AW. Achilles' tendinitis in run
ning athletes. J Am Board Fam Pract. July
- September 1989; 2: 196-203.

Nigg BM. The validity and relevance of
tests used for the assessment of sports
surfaces. Med Sci Sports Exerc. 1990; 22:
131-139.
O'Neill DB, Micheli LJ. Tarsal coalition.
A followup of adolescent athletes. Am J
Sports Med. 1989; 17: 544-549.
Orava S, Leppilahti J, Karpakka J. Opera
tive treatment of typical overuse injuries
in sport. Ann Chir GynaecoL 1991; 80:
208-211.
Rettig AC, Shelbourne KD, Wilckens J.
The surgical treatment of symptomatic
nonunions of the proximal (metaphyseal)
fifth metatarsal in athletes. Am J Sports
Med. 1992; 210: 50-54.
Robbins SE, Gouw GJ. Athletic footwear:
unsafe due to perceptual illusions. Med
Sci Sports Exerc. 1991; 23: 217-224.
Robbins SE, Gouw GJ, Hanna AM. Run
ning-related injury prevention through in
nate impact-moderating behavior. Med Sci
Sports Exerc. 1989; 21: 130-139.

Steele JR. Biomechanical factors affect
ing performance in netball. Implications
for improving performance and injury re
duction. Sports Med. August 1990; 10:88102.
Wilkerson GB. Comparative biomechanical effects of the standard method of ankle
taping and a taping method designed to
enhance subtalar stability. Am J Sports
Med. 1991; 19: 588-595.

Phonophoresis
Benson HA, McElnay JC, Harland R,
Hadgraft J. Influence of ultrasound on the
percutaneous absorption of nicotinate es
ters. Pharm Res. February 1991; 8: 204209.
Cameron MH, MonroeLG. Relative trans
mission of ultrasound by media custom
arily used for phonophoresis. Phys Ther.
February 1992; 72: 142-148.
Ciccone CD, Leggin BG, Callamaro JJ.
Effects of ultrasound and trolamine salicylate phonophoresis on delayed-onset

muscle soreness. Phys Ther. 1991; 71:
666-675; discussion 675-678.
Morrissey MC. Reflex inhibition of thigh
muscles in knee injury. Causes and treat
ment. Sports Med. April 1989; 7: 263276.
Oziomek RS, Perrin DH, Herold DA,
Denegar CR. Effect of phonophoresis on
serum salicylate levels. Med Sci Sports
Exerc. 1991; 23: 397-401.
Pottenger FJ, Karalfa BL. Utilization of
hydrocortisone phonophoresis in United
States Army Physical Therapy Clinics.
MilitMed. Jul 1989; 154: 355-358.
Singh J, Roberts MS. Transdermal deliv
ery of drugs by iontophoresis: a review.
Drug DesDeliv. January 1989; 4: 1-12.
Tyle P, Agrawala P. Drug delivery by
phonophoresis. Pharm Res. May 1989; 6:
355-361.
Williams AR. Phonophoresis: an in vivo
evaluation using three topical anaesthetic
preparations. Ultrasonics. May 1990; 28:
137-141.

Your Library Could Be Providing the
Journal ofAthletic Training toYour Students.
Thejournal ofAthletic Training
offers the largest single source of
Yes, I would
athletic training literature available.
Ask your library to return this order
Enclosed is
form and payment to:
Journal ofAthletic Training
2952 Stemmons Freeway
Name:.
Dallas, TX 75247
Tide:
J. CxCx
Address:
Schedule U.S. Foreign
City/State/Zip:.
lyr. $32
$40
Telephone:_
2yrs. $50
$66
3yrs. $66
$90
Total Enclosed: $

Volume 27 •

Numbers

like to subscribe

• 1992 • Journal of Athletic Training

277

NATA RESEARCH AND EDUCATION FOUNDATION
CALL FOR ABSTRACTS

1993 National Athletic Trainers' Association Annual Meeting - Kansas City, Missouri • June 1993
. [Deadline for submission: January 15,1993]
INSTRUCTIONS FOR SUBMISSION OF ABSTRACTS AND PROCESS FOR REVIEW OF ALL SUBMISSIONS

Please read all instructions before preparing the abstract. Individuals may submit more than one abstract, but no individual
may present more than one paper. All abstracts will undergo blind review.
INSTRUCTIONS FOR SUBMITTING AN ABSTRACT:

1. Abstracts are to be typed or word processed using a LETTER QUALITY printer with no smaller than elite
(12 cpi) or 10-point typeface. Do not use a dot-matrix printer.
2. Type the title of the paper or project in all CAPITAL letters on the left margin on the abstract form
provided.
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 periods), followed by a comma;
continue with the other authors (if any), ending with a colon.
4. Indicate the institution where the research or case report was conducted on the same line following the
author(s) names.
5. Double space and begin typing the text of the abstract flush left in a single paragraph with no indenta
tions. Do not justify the right margin.
6. Mail the original, two photocopies of the original, and 10 blind copies showing no information about the
authors, institution, or grant information to: Dr. Russell Cagle, NATA-REF Free Communications,
Department of Athletics, Willamette University, Salem, Oregon 97301.
7. Abstracts postmarked after January 15,1993 will not be accepted.
8. Abstracts that do not meet the submission criteria listed above will not be reviewed.
SPECIFIC CONTENT REQUIREMENTS:

CASE REPORTS. A new category of abstracts for 1993 is Case Reports, which are presentations of
unique individual athletic injury cases of general interest to our membership. These abstracts must be
coauthored by an athletic trainer and a team or attending physician. More than one athletic trainer and
physician may be included as authors. Abstracts in this category must include the following information:
1. Personal data (age, gender, race, sport or occupation)
2. Chief complaint (physical signs and symptoms)
3. Differential diagnosis (array of possible conditions or injuries)
4. Laboratory test results, diagnostic imaging, physical examination results
5. Clinical course (diagnosis, treatment, surgical technique, rehabilitation program, outcome)
6. Deviation from the expected (description of what makes this case unique)
FREE COMMUNICATION ABSTRACTS. Abstracts in this category must include: the purpose of the study
or hypothesis, a description of the subjects, the experimental methods and materials, the type(s) of data
analysis, results of the study, and conclusion(s). Authors are asked to indicate a preference for oral or
poster presentation of their abstract. Authors of free communications are required to categorize their
abstract into one of the following five specific areas of research funded by the NATA Research and Educa
tion Foundation:
•
•
•

•

•

278

Basic Science - includes controlled laboratory studies in the subdisciplines of exercise
physiology, biomechanics, and motor behavior, among others, which relate to athletic training
and sports medicine.
>
Clinical Studies - includes assessment of the validity, reliability, and efficacy of clinical proce
dures, 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 generally
include assessment of student learning, teaching effectiveness (didactic and clinical), educa
tional materials, and curricular development.
Sports Injury Epidemiology - includes studies of patterns of injury among athletes. These
studies will generally encompass large-scale data collection and analysis. Surveys and ques
tionnaires may be classified in this catagory, but are more likely to come under the Observa
tional/Informational Studies category.
Observational/Informational Studies - includes studies involving surveys, questionnaires,
and descriptive programs, among others, that relate to athletic training and sports medicine.

Volume 27 •

Number 3

• -,1992 • Journal of Athletic Training

NATA RESEARCH AND EDUCATION FOUNDATION
CALL FOR ABSTRACTS

1993 National Athletic Trainers' Association Annual Meeting • Kansas City, Missouri • June 1993
[Deadline for submission: January 15,1993]
MAILING ADDRESS OF PRESENTING AUTHOR (Please type; provide full name rather than initials.)
Name
Address
City __

State

Telephone

.Zip

NATA Membership Number

Abstract type (check • one only):

O Case Report

Free Communication

For Case Reports, collaborating physician's signature: ___________________________
(See accompanying instructions.)
For Free Communication Abstracts:
1. Indicate the most appropriate CATEGORY for the presentation (check • one only):
O Basic Science
O Clinical Studies
O Educational Research
O Sports Injury Epidemiology
O Observational/Informational Studies
2. Indicate presentation preference (check • one only; choice does not influence acceptance):
O Poster
O Oral
CJ Indifferent

Mail this ORIGINAL, two copies of the original, and 10 blind photocopies showing no information about authors'
institutions,
or grant information (see accompanying instructions) by JANUARY 15, 1993, to:

Dr. Russell Cagle, ATC
NATA-REF Free Communications
Department of Athletics
Willamette University
Salem, OR 97301

Volume 27 •

Number 3

• 1992 • Journal of Athletic Training

279

Abstracts
Glint Thompson, MS, ATC
Bednarczyk JH, Hershler C, Cooper
DG. Development and clinical evalua
tion of a computerized limb volume
measurement system (CLEMS). Arch
PhysMedRehabil. 1992;73:60-73.

Hawes MR, Nachbauer W, Sovak D,
Nigg BM. Footprint parameters as a
measure of arch height. Foot & Ankle.
January 1992;13:22-26.
The authors challenged the use of
footprint measures to estimate arch height
of the foot by measuring the arch height of
115 male subjects using a modified
Mitutoyo digital caliper. The results were
correlated with measurements of dark's
arch angle, the footprint index of Irwin,
the arch index of Cavanagh and Rogers,
the arch length index, and the truncated
arch index. It was found that footprint
parameters are invalid as a basis for pre
diction of categorization of arch height.
Clint Thompson, MS, ATC
Northeast Missouri State University
Kirksville, MO

Edema of the limbs often is a prob
lem in the rehabilitation of athletes. Edematous tissue is poorly oxygenated, heals
slowly, and often becomes the site of
infection. Treatments for edema have
been poorly supported by research, be
cause of the lack of a valid, reliable,
noninvasive, and clinically useful mea
surement of fluid accumulation. Water
displacement, regarded as the "gold stan
dard" in volume measurement, is slow,
difficult to use with some patients, and
requires that the limb be maintained in a
dependent position. The tape measure
method relies on a model of the leg as a
truncated cone and is difficult to place Amendola A. Controversies in diagno
with tension evenly distributed on the sis and management of syndesmosis
edematous limb. The computerized limb injuries of the ankle. Foot & Ankle.
volume measurement system (CLEMS) January 1992;13:44-50.
While the most common presenta
is a recently developed method to evalu
ate edema. Data streams, generated from tion of syndesmosis disruption occurs in
a hand-held stylus and fed to the com conjunction with ankle fractures, the eti
puter, are processed by the software (digi ology and treatment of syndesmotic sprain,
tized and encoded). The graphics portion with and without diastasis, is addressed
of the software generates asimulated image in this article. Biomechanical analysis of
of the leg. The tracing process is rapid ankle stability as influenced by the del(less than 10 minutes) and can be done toidligament, the interosseous membrane,
with the patient in any comfortable posi and the fibula is discussed. Fixation of
tion. The volumes generated by CLEMS syndesmosis injuries is considered, along
were compared to volumes determined with the necessity of removing the fixa
by water displacement and by tape mea tion prior to resuming normal activities.
surement. Measurements of five subjects Radiographic examination involving mor
with no known vascular disease were taken tise positioning concluded that the width
proximal to the fibular head. From these of the clear space, on anterior-posterior
measurements, CLEMS appeared to be as (AP) and mortise views, was the most
accurate and reliable as the water dis reliable parameter for detecting
placement method. There was a low cor syndesmotic widening. Operative con
relation between the tape measure method siderations, including type of fixation and
and both water displ acement and CLEMS. a time frame for removing the fixation,
This tool allows study of lower limb vol also are discussed.
ume and can easily be used in the clinical
Clint Thompson, MS, ATC
setting.
Northeast Missouri State University
Scott Nier, Coordinator
Kirksville, MO
The Valley Hospital Sports Institute
Ridgewood, NJ
Hall GL,HetzlerRK,PerrinD, Weltman
A. Relationship of timed sit-up tests to
isokinetic abdominal strength. Res Q
Exerc Sport. 1992;63:80-84.
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One method commonly used in de
termining an individual's fitness level is
the timed sit-up test. Sit-up tests are used
because of the relationship between ab
dominal strength and the incidence of low
back pain. Most of these tests use time as
a factor to determine abdominal strength
and endurance. However, the research in
this area lacks the validation of timed situp tests and abdominal muscular strength.
The purpose of this study was to test the
validity of three timed sit-up tests to mea
sures of isokinetic abdominal strength.
The three sit-up tests used were the KrauseWeber (straight leg), the Robertson curlup (crunch), and the AAHPERD (knees
bent). The results showed that a poor
relationship exists between isokinetic mea
sures of abdominal strength and timed situp scores. Their data suggests that timed
sit-up tests are not a valid measure for
estimating abdominal strength. However,
a major delimitation of this study is that
the researchers compared isokinetic ab
dominal muscular strength to isotonic ab
dominal muscular endurance in the timed
sit-up tests. Further investigation is needed
in order to understand the relationship
between timed sit-up tests and abdominal
muscular strength and endurance.
Scott Doberstein MS, ATC/R
Millikin University
Decatur, IL
Staab JS, Agnew JW, Siconolfi SF.
Metabolic and performance responses
to uphill and downhill running in dis
tance runners. Med Sci Sports Exerc.
1992;24:124-127.
Distance runners often participate in
races with courses that include hills. A
common observation is that a runner's
performance is slower on hilly courses
than flat courses even when the start and
finish lines are the same elevation (mean
ing the amount of uphill and downhill
running is equal). Research has proven
that the metabolic demands are higher for
running uphill than for running downhill.
However, the physiological mechanism
that limits performance on hilly courses
in unknown. The purpose of this study
was to examine some of the physiological
reasons for slower performances on hilly

courses and how pace varies on uphills
and downhills with energy expenditure.
Eleven male distance runners ran three
simulated races on a treadmill. The re
sults of this study showed that running
pace had an inverse relationship with hill
grade percent, which is a physiological
attempt to maintain a constant energy
expenditure. On uphills, the runner's pace
would slow, but their VO2, HR, and blood
lactate would increase. The average race
pace was 2.6% slower on the hilly courses.
Also, the large amounts of lactate accu
mulation on the uphills remained rela
tively high throughout the rest of the race,
thus limiting the performance even though
the uphill portion was completed. The
authors concluded that slower perfor
mances on hilly courses was a result of
the high energy expenditure on the up
hills, which was not compensated for on
the downhills.
Scott Doberstein MS, ATC/R
Millikin University
Decatur, IL
Graves JE, Pollock ML, Leggett SH,
Carpenter DM, Fix CK, Fulton MN.
Limited range of motion lumbar exten
sion strength training. Med Sci Sports
Exerc. 1992;24:128-133.
One of the most common complaints
of the general population is low back pain
(LBP). A causative factor of LBP is
weakness of the trunk musculature. In
addition, range of motion (ROM) often is
limited by pain and joint stiffness. As a
result, LBP patients often are prescribed
progressive resistance exercises (PRE)
even if ROM is limited. Previous re
search has indicated that strength gains
are only made within the ROM that is
worked. The purpose of this study was to
determine if a limited ROM PRE lumbar
extension program is beneficial to the
development of strength through a full
ROM. Thirty-three asymptomatic males
with no history of LBP were established
on various PRE programs for a 12-week
training period. The results of this study
led to the conclusion that lumbar exten
sion strength increased throughout the
entire ROM, even through training was
limited to only part of the ROM. Strength
increases were measured in the untrained
ROM, indicating a carry over effect. These
findings are significant because LBP pa
tients who only are able to train through a

limited ROM may still receive a full ROM tants as Category 1 drugs. The purpose of
training benefit.
this investigation was to examine the ef
Scott Doberstein, MS, ATC/R fects of a counterirritant on the pain and
Millikin University loss of motion associated with delayed
Decatur, IL onset muscle soreness (DOMS). Four
teen female subjects were recruited to
participate in the study. Elbow extension
VanDuser BL, Raven PB. The effects of was measured by one researcher using a
oral smokeless tobacco on the cardio- standard goniometer. The intensity of
respiratory response to exercise. Med perceived pain that was associated with
Sci Sports Exerc. 1992;24:389-395.
DOMS was measured using a graphic
The use of oral smokeless tobacco painrating scale. The subjects were asked
(OST) has drastically increased in the to rate the pain they experienced while
past decade, and young male athletes have attempting to extend their arm. Repeated
been the main target of the advertisers of eccentric muscle contractions were used
these products. The largest active ingre to induce DOMS. The subjects were
dient in OST is nicotine. Previous re randomly divided into two groups for
search has shown that nicotine increases application of 8 ml of ointment, either a
heart rate (HR) and blood pressure in counterirritant or placebo. The major
humans. The purpose of this study was to finding was that a counterirritant treat
determine the effects that nicotine has on ment decreased the perceived pain and
HR, oxygen uptake (VO2), stroke volume decreased the restriction in elbow exten
(SV), and plasma lactate concentration sion range of motion associated with
(LC) at rest and during exercise. Fifteen DOMS. These data suggest that countermales with a history of OST use took part. irritants may have an important clinical
Results showed that VO2 was not affected role in the treatment of minor athletic
by OST use during rest or submaximal injuries.
exercise. Ho wever,HR at rest and during
Mike Sullivan MS, ATC
exercise was significantly increased by
The Center for Hip and Knee Surgery
OST usage when compared to the pla
Mooresville, IN
cebo. SV was reduced by OST usage at
rest and during submaximal exercise, and
LC was significantly increased during Li JTC, Yunginger JW. Management
submaximal exercise. The LC increase of insect sting hypersensitivity. Mayo
indicates a greater demand for glycolytic Clinic Proc. 1992; 67:188-194
energy production as aresult of decreased
Virtually all physicians and most lay
muscle blood flow. This data means OST persons are aware that stings from bees,
users begin an earlier onset of LC accu yellow jackets, hornets, and wasps can
mulation resulting in quicker fatigue and cause severe allergic reactions. Although
thus decreased performance. Also, be most clinicians know that allergy tests and
cause of the effect of nicotine on the heart, immunotherapy are available, some are
users of OST are at increased risk of a unsure about who should be referred for
coronary insufficiency if they suffer from assessment. The Hymenoptera order of
cardiovascular disease.
insects consists of two superfamilies: (1)
Scott Doberstein MS, ATC/R aphids—honeybees and bumble bees, and
Millikin University (2) vespids—yellow jackets, hornets, and
Decatur, IL wasps. The cross reaction between yellow
jacket and hornet venoms is strong; the
cross reaction between these species and
Haynes SC,Perrin DH. Effect of a coun- bees or wasps is limited. Approximately
terirritant on pain and restricted range 1.2% to 3% of the general adult population
of motion. J Sport Rehab. 1992-,l:l3-lS. have reported a history of a systemic reac
A variety of therapeutic agents are tion. A detailed history is crucial for proper
used to relieve the pain and stiffness asso management of insect hypersensitivity.
ciated with injury to the musculoskeletal Urticarial reactions can be considered mild
system. Counterirritants, often called sports and systemic and are almost always ac
balms or analgesic creams, are one popu companied by pruritus. Severe systemic
lar form of treatment that have been used reactions can include bronchoconstrictions,
for decades. The U.S. Food and Drug hypotension, and typical symptoms and
Administration has classified counterirri- signs of anaphylaxis. Clinical assessment
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of the severity of anaphylaxis, as well as
the response to therapy, is important be
cause patients who have experienced se
vere reactions also are likely to have se
vere reactions after stings. Skin tests to
determine Hymenoptera venoms are safe
and can be helpful in classifying the sting
reaction. The purpose of using allergy
testing for insect stings is to assess a
patient for possible immunotherapy.
Mike Sullivan MS, ATC
for
The Center Hip and Knee Surgery
Mooresville, IN
Anderson MA, Rutt RA. Effects of
counterforce bracing on forearm and
wrist muscle function. J Orthop Sports
Phys Ther. 1992;15:87-91.
Tennis elbow is believed to be an
overuse injury of the ex tensor carpi radialis
brevis, resulting in microscopic rupture
and subsequent tendinous nonrepair with
immature collagenous scar tissue. The
purpose of this study was to evaluate the
effects of two types of counterforce el
bow braces on wrist and forearm muscle
force. Seventeen subjects were recruited
from local tennis clubs. The subjects had
no current or recent history of lateral
epicondylitis or other elbow, forearm, or
wrist pathology on the dominant extrem
ity. They were randomly tested three times
wearing no brace, brace 1 (Pro Tennis
Elbow Brace), or brace 2 (Aircast Tennis
Elbow Brace). Wrist flexion/extension
and forearm pronation/supination for
maximum peak concentric and eccentric
muscle force at 60°/second and 1200/

second was performed on a KinCom
isokinetic dynamometer. The authors
concluded that neither type of counterforce
elbow brace had any effect in the normal
population on the ability of the wrist flex
ors/extensors or the forearm pronators/
supinators to generate muscle force.
Gina Lorence
Pike Creek Sports Medicine Clinic
Wilmington, DE
Mascaro T, Seaver BL, Swanson L.
Prediction of skating speed with off-ice
testing in professional hockey players.
J Orthop Sports Phys Ther. 1992;15:9298.
Ice hockey is considered an anaero
bic sport that requires muscle strength,
power, and anaerobic endurance. The
authors' purpose for this study was to
determine the best off-ice predictors of
sprint skating speed in professional hockey
players. Nine subjects participated—five
forwards, three defensemen, and one goalie.
All subjects were free of any acute lower
extremity injury and were not involved in
any concurrent athletic activity. Off-ice
functional tests included the 40-yard dash,
standing long jump, vertical jump, and
isokinetic testing of the quadriceps and
hamstrings at 60°/second and 180°/second. Skating speed was determined by a
54.9 meter sprint skate test. The authors
noted a significant correlation with verti
cal jump, anaerobic power, and with sev
eral isokinetic tests. They concluded that,
if available, the best predictor of skating
speed is the isokinetic average power of

the left quadriceps at 180°/second and
average power of the right hamstrings at
60°/second.

Gina Lorence

Pike Creek Sports Medicine Center
Wilmington, DE
Wilk KE, Arrigo CA, Andrews JR.
Isokinetic testing of the shoulder ab
ductors and adductors: windowed vs.
nonwindowed data collection. J Orthop
Sports Phys Ther. 1992;15:107-112.
Isokinetic testing is common in sports
physical therapy clinics. As a subject
moves the apparatus through range of
motion, they reach an end stop of the
preset range of motion, and a spike in the
torque curve can be observed. The au
thors state that misinterpretations of the
rebound torque spikes produced may re
sult in torque data twice that of the actual
torque generated, and thus gross misin
terpretation of the testresults. Fifty healthy
professional baseball pitchers participated
in isokinetic testing, for throwing and
nonthrowing shoulders, on the Biodex at
180°/second and 300°/second. The au
thors found a significant difference be
tween windowed and non-windowed mean
peak torque data for both shoulders at
both speeds. This article suggests utiliza
tion of windowing the isokinetic tests to
eliminate end range torque spikes during
shoulder abduction/adduction tests.
Gina Lorence
Pike Creek Sports Medicine Center
Wilmington, DE
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New Products
••fP
Total Gym Attachment—the
Closed Chain Platform—is
Introduced

Engineering Fitness International,
makers of the closed kinetic chain exer
cise system, Total Gym, announces its
newest attachment—the Closed Chain Plat
form. It is designed to allow the Biomechanical Ankle Platform System (BAPS)
to be mounted to the Total Gym.
Therapists cite the advantages of com
bining the Total Gym and the BAPS:
• Patients can train on the BAPS in an
unloaded state allowing a weakened
foot or ankle to perform normal mo
tion without the stress of full body
weight.
• Clinicians can objectively assess and
progressively increase a patient's tol
erance to weight-bearing activities
using Total Gym's calibration scale
based on percentages of body weight.
• Total Gym positioning allows vary
ing degrees of knee flexion while
performing the BAPS training. This
simulates normal function and facili
tates muscle stability at the knee.
Many foot, ankle, and knee condi
tions can be treated using the BAPS and
Total Gym. The Total Gym closed kinetic
chain exercise benefits the patient by fa
cilitating muscle strength, coordination,
and proprioception in a functional move
ment pattern. The BAPS trains a foot or
ankle injury in the appropriate proportions
of dorsiflexion, plantarflexion, inversion,
and eversion. Specific conditions that can
be treated by using the combination are
ankle sprains, ankle/foot fractures post
immobilization, status post foot surgery,
gastrocnemius strain, Achilles' tendinitis,
Achilles' rupture post repair, and knee

conditions needing muscle stability and
proprioception training.
The Total Gym Closed Chain Plat
form can be used without the BAPS and
comes with a Toe Stand Bar attachment
that allows gastrocnemius strengthening
andstretching.Thebaris adjustable, thereby
controlling the degree of plantarflexion.
The soleus muscle and talocmral joint
capsule can be stretched by using the Toe
Stand B ar with the knees flexed. The Closed
Chain Platform can be used to perform
lower extremity plyometric exercise.
It can be purchased by phone order
through Engineering Fitness International
at (800) 54M900 or by writing 9225 Dowdy
Drive, Suite 221, San Diego, CA 92126.

Barrie Steele, MS, ATC

Nfew Portable HV II SP
Ultrasound and High Volt
Simulator is User-Friendly

:.*>.-. V- =
• < .1 •

Gel-E-Rol Elastic Bandage is
Designed for Heat Retention
and Compression

Silipos* of Niagara Falls, NY, has
introduced Gel-E-Rol. This elastic ban
dage with a patented gel impreganted into
the elastic fibers, is formulated with United
States Pharmaceutical Medical Grade
Mineral Oil, which will diffuse onto the
skin. This diffusion has several therapeu
tic effects, and the bandage can be used in
conjunction with antibiotic ointments or
an analgesic. It also will conform around
bony prominences with a high degree of
compression.
These wraps are designed for heat
retention and compression. They are ide
ally suitedfor minor contusions and muscle
strains.
A complimentary sample is available
upon request from Silipos at 2045 Niagara
Falls Boulevard, LPO Box 320, Niagara
Falls, NY 14304, or call (800) 626-2612 in
the United States, or (800) 345-5103 in
Canada.
Volume 27 •
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'-•'.' ','• -'Rich-Mar has announced the new and
improved HV II SP ultrasound and high
volt stimulator. The established and proven
HV. II SP still has the reliable Rich-Mar
seleptronics and quality that has made it a
'.standard in the athletic training market.
The'irnproved HV II SP features a new
control panel that is much easier to under
stand. It features user-friendly schematics
for quicker setup.
; s,, The HV II SP stimulator features a
' smooth, comfortable high volt current with
adjustable pulsed pair intervals from 5 to
255 microseconds for motor fibers and
sensory fibers. It also has a pad balance
that can regulate the pad intensity in con
tinuous and/or alternate mode, plus aramp
feature in the alternate mode.
. • • _ > .The HV II SP ultrasound has a 10cm2
. spundhead that is sealed for underwater
treatment. Its lightweight ergonomic de
sign fits the operator's hand for greater
comfort. The ultrasound features six duty
cycles for superficial tissue andbony promi
nence, plus a 100% setting for deep tissue.
1 ' The HV H SP is completely portable
in its rugged, self-contained carrying case
and weighs only 25 pounds. There also is
an optional cabinet for office use.
The new styling and easier to use
p'.anel coupled with the proven reliability
of fhe HV II SP make it the affordable,
"portable combination therapy modality.
' For more information about the HV n
SP, contact Rich-Mar Corporation at Box
879, Inola, OK 74036-0879, or call (800)
• 762-4665.
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The JACE Ankle CPM
System is Introduced

The JACE Continuous Passive Mo
tion (CPM) System for the ankle has been
designed to enhance patient therapy com
pliance while promoting maximum joint
mobility—factors critical to preventing
the negative effects of prolonged immobi
lization.
The device is lightweight and simple
to operate and easily adjusts to a sitting or
reclining position for maximum patient
comfort.
Anatomical alignment is maintained
because of its axis to axis orientation, and
range of motion parameters are adjustable
from 0-20° dorsiflexion and 0-40° plantar
flexion.
For more information, contact Thera
Kinetics, Inc at 1300 Route 73, Mount
Laurel, NJ 08054, or call (609) 778-1166,
or (800) 234-0900.

nomically designed transducer heads that
are smaller in size and weight for greater
operator comfort. The Model 510 also
features state-of-the-art internal digital elec
tronics and six duty cycles that allow for
the most flexible treatment of patients.
The new 510 also uses an Ultrasonic
ActiveDiagnostic Indicator to assure proper
ultrasound delivery to the patient. Its cradle
selectmechanism automatically determines
which transducer is being used, saving
valuable set-up time. The transducers are
completely sealed for underwater treat
ments and have a two-year limited war
ranty, including crystals and cables. The
510 is another reliable quality product at
an affordable price from Rich-Mar.
For information, contact Rich-Mar
Corporation, Box 879, Inola, OK 740360879, or call (800) 762-4665.
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Cybex Introduces the Bike—
a New Cycle Ergometer

Durable Shoulder Pulley
Introduced for Increasing
Shoulder ROM

Cybex, a division of Lumex, Inc, an
nounces the release of a new cycle ergometer to complement its line of cardio
vascular fitness products. The Bike is ex
tremely user-friendly. You simply get on,
select your exercise mode, and go. There
are no complicated instructions to follow
or adjustments to make that take away
from valuable workout time.
The Bike is equipped with many use
ful features to make riding more enjoy
able, yet tough enough to take the punish
ment of the most demanding user.
For more information, contact Cybex
at 2 100 Smithtown Avenue, P.O. B ox 9003,
Ronkonkoma, NY 11779-0903, or call
(800) 645-5392.

Rich-Mar Announces New
Dual-Head Ultrasound

Rich-Mar announces the new, userfriendly 510 dual head ultrasound. The
510 has the unique options needed in
ultrasound treatment. The 510 offers two
different transducer sizes—5cm2 and
10cm2—for easier treatment of all patient
areas.
The 510 features comfortable, ergo-

This patented, self-lubricating pulley
is extremely durable and provides a quiet,
smooth, gliding action. An illustrated in
struction booklet is included with each
unit, and the company offers a moneyback guarantee.
For more information, contact Pre
Pak Products at 2227 Faraday Avenue,
#D,DepartmentNAT, Carlsbad, CA 92008,
or call (800) 544-7257.

Pre Pak Products has introduced a
new shoulder pulley. It features a stainless
steel door mounting bracket that can be
placed on the top or along the side of a
door. Grip assistance is provided with a
sliding loop handle, andrope length canbe
easily adjusted. Ranger 92 is an ideal
devicefor increasing or maintaining shoul
der range of motion.
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Video Review
Tom Gocke, MS, ATC
Athletic Injuries of the Cervical Spine
Masters of Sports Medicine
Glaxo Video Library
Five Moore Drive
Research Triangle Park, NC 27709
Color, VA" VHS
Playing Time: (Part I - 13Vi minutes)
(Part n-9^ minutes)
Price: Not available
Athletic Injuries ofthe Cervical Spine
is a video program that concentrates on
the initial evaluation and management of
the athlete who has a cervical spine in
jury. Part I focuses on a mini-neurologic
assessment, proper techniques for immo
bilization and transportation to a medical

facility, and airway management and ac
cess via facemask removal. It provides an
effective sequence for removal of foot
ball equipment at the hospital. Li addi
tion, the authors (Dr. Maroon, Dr. Bailes,
and Fran Feld, ATC, EMTP) stress the
importance of preplanning and teamwork
in the approach and successful manage
ment of a football player with a cervical
spine injury.
Part II addresses common cervical
spine pathology, mechanisms of injury,
prevention of cervical spine injuries, Brachial Plexus Stretch Syndrome, common
X-ray findings associated with cervical
spine injury, the value of magnetic reso
nance imaging (MRI) in the evaluation of

individuals with cervical spine injuries
who present with positive neurologic find
ings, and criteria for returning to compe
tition following a cervical spine injury.
Athletic Injuries ofthe Cervical Spine
provides valuable, accurate, and up-todate information on managing an athlete
with a cervical spine injury. While the
sport of football is emphasized, it would
be appropriate to apply these techniques
to all sports. The ATC's involvement and
the development of ateam approach (ATC,
EMT, and physician) in managing such
an injured athlete is emphasized. The video
is informative and would be a valuable
tool for use in athletic training education
programs.

TOTAL BODY CLOSED CHAIN
REHABILITATION
FOR WEIGHT AND NON-WEIGHT
BEARING PATIENTS.
Total body, crosscrawl motion, for amputees and
neurologically impaired, stroke, spinal cord,
cardiac and deconditioned patients
ECG controlled workload intensity
Arm and leg range of motion limiters
Totally isolate one or both arms/legs
Plantar and dorsi-flexion limiters for lower limb
injuries
Pronation and supination hand grips
• Selected muscular flexion and extension

CLIMBER
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CALL I-8OO-237-227I

3188-E Airway Ave. Costa Mesa, CA 92626
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Book Review
Phil Callicutt, EdD, ATC
The Comprehensive ManualofTaping and
Wrapping Techniques
Kenneth E. Wright, DA, ATC, and
William R. Whitehill, MA, ATC
Cramer Products, Inc., Gardner, KS 66030
1991
120 pages, Illustrated
Price: $21.95
This manual was authored by Dr.
Kenneth Wright and William Whitehall,
of the University of Alabama, with the
assistance of NATAHall of Famers, "Doc"
Dodson, Lindsy McLean, Buddy Taylor,
and Chris Patrick; and other contributors
Ken Murray, Tim Garl, Don Lowe, Bill
McDonald, "Sang"Lyda, AliceMcLaine,
Lorraine Michel, Russ Miller, Hunter
Smith, Ed Ryan, and Skip Vosler. These
contributors bring their vast experiences
into play and present taping and wrapping
procedures that have been proven effec
tive for many years. It was published by
Cramer Products and Johnson & John
son.
Sports medicine is an ever-changing
body of knowledge with advances being
developed and implemented on a daily
basis. However, in the majority of cases
concerning injuries to the musculoskeletal system, the athletic trainer will tape
the injury. Taping has been a topic of
discussion since the early publications of
the profession, such as Adhesive Plaster
Bandaging in Athletics, authored by O.
Hichens Glimstead (the former athletic
trainer at the University of Notre Dame)
and published by Johnson & Johnson in
1924.
The authors of The Comprehensive
Manual of Taping and Wrapping Tech
niques state that the manual was written
in order to present a current comprehen
sive guide to taping and wrapping tech
niques that are traditionally used in the
various professions of sports medicine.
They recommend that you first read the
entire procedure, and then return to the
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beginning of the explanation of the tech
nique and apply the tape and/or wrap.
This comprehensive manual has 300 quality
photographs and illustrations to enhance
the reader's understanding of the prin
ciples and concepts of taping and wrap
ping. The manual is divided into four
comprehensive, easy-to-read chapters, each
with an appendix. Chapter one addresses
the preparation of the athlete for protec
tive taping and wrapping; chapter two
details the taping and wrapping techniques
for the lower extremity; chapter three is a
comprehensive explanation of taping and
wrapping techniques for the torso; and
chapter four highlights taping and wrap
ping techniques for the upper extremity.
This work should serve as an ideal
self-study manual for athletic trainers and
coaches, or as a supplementary text for a
class that addresses the prevention and
care of sports injuries at the secondary or
collegiate level. It is complete, well-writ
ten, well-illustrated and is a superior prod
uct. The Comprehensive Manual of Tap
ing and Wrapping Techniques will be
come a welcome addition to your collec
tion of texts in the field of sports medi
cine.
A Color Atlas ofLow Back Pain
Kenneth Mills, MD, Graham Page, MD, and
Richard Siwek, FRPS, AIMBI
F.A. Davis Company, Philadelphia, PA
1990
92 pages, Illustrated
One of the most controversial sub
jects in the field of medicine in general,
and sports medicine in particular, is the
cause and treatment of low back pain.
Sports medicine professionals have gath
ered a potpourri of causes and treatment
protocols. A wise physician once made
this astute observation, "you can't cure
low back pain, you just learn to manage it
and live with the condition!" Volumes
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have been published on the subject, nu
merous seminars and symposiums have
been conducted worldwide on the sub
ject, and there still are a wide range of
opinions on the subject.
A Color Atlas of Low Back Pain
covers all aspects of this continuing medical
"mystery." The text is divided into sec
tions that cover different subjects. The
first section details the causes of low back
scoliosis,
spina bifida,
pain:
spondylolisthesis, fractures, prolapsed
intervertebral disc, aortic aneurysm, rec
tal carcinoma, spinal bone tumors, lum
bar stenosis, and psychological aspects of
back pain. The second section addresses
history taking and provides the reader
with a Disability Index Questionnaire.
The third section is an extensive review
and discussion about physical examina
tion of the low back. This section is very
interesting and includes familiar, as well
as unfamiliar tests. The fourth section is
entitled Investigations, and is a complete
study of blood tests, radiographic investi
gations, discography, computerized axial
tomography, nuclear magnetic resonance
imaging, lumber puncture/lumber
myelography, and lumbar puncture. This
section becomes extremely technical in
nature, but it is understandable and thoughtprovoking. The fourth section is devoted
to the concepts of conservative treatment:
home remedies, physiotherapy, extra
splintage for low back pain, leg traction,
and manipulations. The fifth and final
section is a brief overview of surgery and
includes discussion of chemonucleolysis,
structural causes, neurological causes, and
visceral causes.
This text is comprehensive in ad
dressing the topic of low back pain, and
the photographs are detailed and of good
quality. This text may not give you all the
answers to this condition or injury area,
but it will provide a great deal of useful
information.

Authors' Guide
(Revised February 1992)
The Journal ofAthletic Training welcomes the submission
of manuscripts that are of interest to persons engaged in or
concerned with theprogress of the athletic training profes
sion (athletic injury prevention, evaluation, management,
and rehabilitation; administration of athletic training fa
cilities and programs; and counseling and educating ath
letes concerning health care). Manuscripts should conform
to the folio wing:
SUBMISSION POLICIES
1. Submit one original and three copies of the entire
manuscript (including photographs, artwork, and
tables) to the editor.
2. All manuscripts must be accompanied by a letter
signed by each author, and must contain the statements
below. By signing the letter, the authors) agrees to
comply with all statements. Manuscripts that are not
accompanied by such a letter will not be reviewed.
"This manuscript contains original unpublished ma
terial that has been submitted solely to the Journal of
Athletic Training, is notundersimultaneous reviewby
any other publication, and will not be submitted else
where until a decision has been made concerning its
suitability for publication by the Journal of Athletic
Training. In consideration of the NATA's taking action
in reviewing and editing my (our) submission, the
authors) undersigned hereby transfers, assigns, or
otherwise conveys all copyrightownership to theNATA,
in the event that such work is published by the NATA."
3. Materials taken from other sources, including text,
illustrations, or tables, must be accompanied by a
written statement giving the Journal ofAthletic Train
ing permission to reproduce the material. Photographs
of individuals must be accompanied by a signed pho
tograph release form. Accepted manuscripts become
the property of the National Athletic Trainers' Asso
ciation, Inc.
4. The Journal ofAthletic Training uses a double blind
review process. Authors should not be identified in
any way except on the title page.
5. Manuscripts are edited to improve the effectiveness of
communication between the author and the readers,
and to aid the author in presenting work that is compat
ible with the style policies found in the AMA Manual
of Style, 8th ed. (Williams & Wilkins) 1989. The
author agrees to accept any minor corrections of the
manuscript made by the editors.
6. Published manuscripts and accompanying work cannot
be returned. Unused manuscripts will be returned when
submitted with a stamped, self-addressed envelope.
STYLE POLICIES
7. The active voice is preferred. Use the third person for
describing what happened, "I" or "we" (if more than
one author) for describing what you did, and "you" or
the imperative for instruction.
8. Each page must be typewritten on one side of 8 Vi x 11
inch plain paper, double spaced, with one-inch mar
gins. Do not right justify pages.
9. Manuscripts should contain the following, organized
in the order listed below, with each section beginning
on a separate page:
a. Title page
b. Acknowledgements
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 illustrations
h. Illustrations
10. Begin numbering the pages of your manuscript with
the abstract page as # 1; then, consecutively number all
successive pages.
11. Titles should be brief within descriptive limits (a 16word maximum is recommended). The name of the

disability treated should be included in the title if it is
the relevant factor, if the technique ortype of treatment
used is the principle reason for the report, it should be
in the title. Often both should appear.
12. The title page should include the names, titles, and
affiliations of each author, and the name, address,
phone number, and fax number of the authorto whom
correspondence is to be directed.
13. A comprehensive abstract of 75 to 200 words must
accompany all manuscripts except tips from the
field. Number this page one, type the complete title (but
not the author's name(s)) on the top, skip two lines, and
begin the abstract. It should be a single paragraph suc
cinctly summarizing the major intent of the manuscript,
the major points of the body, and the author's sum
mary and/or conclusions. It is unacceptable to state in
the abstract words to the effect that "the significance of
the information is discussed in the article." Also, do not
confuse the abstract with the introduction.
14. List three to six key words or phrases that can be used
in a subject index to refer to your paper. These should
be on the same page as, and following, your abstract.
For tips from the field, the key words should follow
immediately after the title on the first numbered page.
15. Begin the text of the manuscript with an introductory
paragraph or two in which the purpose or hypothesis
of the article is clearly developed and stated. Tell why
the study needed to be done or the article written, and
culminate with a statement of the problem (or contro
versy). Highlights 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 sec
tion. In the one to two paragraph review of the litera
ture, identify and develop the magnitude and signifi
cance of the controversy, pointing out differences
between 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.
16. The body ormain partof themanuscriptvaries accord
ing 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
headings and subheadings, charts, graphs, and figures
is recommended.
a. The body of an experimental report consists of a
methodology section, a presentation of the results, and
a discussion of the results. The methodology section
should contain sufficient detail concerning the meth
ods, procedures, and apparatus employed so that oth
ers 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 are 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 prob
lem or question posed in the introduction.
c. The body of a case study should include the following
components: personal data (age, sex, race, marital
status, and occupation when relevant - but not name),
chief complaint, history of present complaint (includ
ing symptoms), results of physical examination (ex
ample: "Physical findings relevant to the rehabilita
tion program were . . ."), medical history (surgery,
laboratory results, exam, etc.), diagnosis, treatment,
and clinical course (rehabilitation until and after return
to competition) criteria for return to competition, and
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deviation from the expected (what makes this case
unique). NOTE: It is mandatory that the Journal of
Athletic Training receive, with the manuscript, a re
lease form signed by the individual being discussed in
the case study. Case studies cannot be reviewed if the
release is not included.
d. The body of a technique article should include both
the how and why of the technique; a step-by-step
explanation of how to perform the technique, supple
mented by photographs or illustrations; and why the
technique should be used. The discussion of why
should review similar techniques, point out how the
new technique differs, and explain the advantages and
disadvantages of the technique in comparison to the
other techniques.
e. A tip from the field is similar to a technique article but
much shorter. The tip should be presented and its
significance briefly discussed and related to other
similar techniques.
17. 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
summary paragraph or list of conclusions at the end of
the discussion section.
18. Citations in the text of the manuscript take the form of
a number in parentheses, which indicates the number
assigned to the citation. It is placed directly after the
reference or the name of the author being cited. Ref
erences should be used liberally. It is unethical to
present others' ideas as yourown. Also,use references
so that readers who desire further information on the
topic can benefit from your scholarship.
19. The Reference page(s) accompanying a manuscript
should list authors numerically and in alphabetical
order, and should be in the following form: a) articles:
authors) (list all) with the family names then initials,
title of article, journal title with abbreviations as per
Index Medicus (underlined), month (if journal is not
consecutively paged throughout the volume), year,
volume, inclusive pages; b) books: authors), title of
book (underlined), city and state of publication, pub
lisher, year, inclusive pages of citation. Examples of
references to a journal, book, and presentation at a
meeting are shown below. See the AMA Manual of
Style for others.
a. Knight K. Tips for scientific/medical writers. Athletic
Training, JNATA. 1990; 25:47-50.
b. Day RA. How to Write and Publish a Scientific Paper.
3rd ed. Phoenix, Ariz: Oryx Press; 1988: 54-55.
c. Albohm M. Common injuries in women's volleyball.
In: Scriber K, Burke EJ, eds. Relevant Topics in Ath
letic Training. Ithaca, NY: Mouvement Publications;
1978:79-81.
d. Behnke R. Licensure for athletic trainers: problems
and solutions. Presented at the 29th Annual Meeting
and Clinical Symposium of theNational AthleticTrainers' Association; June 15, 1978; Las Vegas, Nev.
20. Tables must be typed. See references cited in #5 or
#19a for tableformatting. Type legends to illustrations
on a separate page.
21. Photographs should be glossy black and white prints.
Do not: use paper clips, write on photos, or attach
photos to sheets of paper. Carefully attach a write-on
label to the back of each photograph so that the
photograph is not damaged.
22. Graphs, charts, or figures should be of good quality
and clearly presented on white paper with black ink in
a form that will be legible if reduced for publication.
All artwork to be reproduced should be submitted as
camera-ready black and white line art. If it is to be
reproduced in black plus a second (or more) color,
submit it as black and white line art. Clearly mark each
area of color, shading, orscreening (a percent ortint of
black or a color), on a separate photocopy. The author
will pay all costs for color reproduction.
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NATA BROCHURES & VIDEO NOW AVAILABLE!
Athletic Training Career Information (Brochure)

This brochure provides an introduction to athletic training and the
NATA. A brief overview of the NATA is given, as well as an explanation
of the job responsibilities of an athletic trainer and the way to become
anATC.

Increase Your Injury Awareness (Brochure)

Targeted toward secondary school settings, this brochure explains
the job responsibilities of athletic trainers and the important role
that they play in high school athletics. It also explains to employers
how to hire an ATC.

NATA Job Referral Service (Brochure)

This brochure explains how to use the NATA Job Hotline, Bulletin
Board, and Job Referral List. It also explains to employers how to
list a job opening.

Athletic Trainers: Treating Athletes Belter (Video)

Eleven minutes in length, this video (VHS format only) gives an indepth explanation of the role that an athletic trainer plays in the
health care system. The six domains are explained, as well as the
educational requirements needed to become an ATC.

REQUEST FORM
Name:
Mailing Address:
City/State/Zip:
NATA Membership #:
Employer:

G Athletic Trainin g Career Information
G Increase Your 1 njury Awareness
D NATA Job Refe>rral Service
VIDEO
O Athletic Trainei•s: Treating Athletes Better
BROCHURES

HOW TO ORDER

To order any of the NATA brochures or the video, please complete
the Request Form, include the appropriate payment, if any, and
mail to the address indicated.

Number
Ordered
0-50:
51-lOtt
101-150:
151-200:

Shipping /
Handling
No charge
$ 5.00
$10.00
$15.00

BROCHURES

Any order of less than 50 brochures is free of charge. Orders for
more than 50 brochures will be charged $5.00 for shipping and
handling for each set of 50 brochures. (See the Request Form for
examples.)

VIDEOS
There is a $10.00 duplication and shipping fee for each video.
• Phone orders will not be accepted. •
288
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Number
Requested

BROCHURES

Numbers

Total # of brochures requested:
TOTAL ENCLOSED: $

Make checks payable to: NATA
Please return this form, and your payment to:

.^^
^Y^
^f^

NATA Brochure/Video Requests
2952 S*emmons Freeway
Dallas, TX 75247

NATA

ALLOW 3 TO 4 WEEKS FOR DELIVERY.
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DynaWrap
DynaSport's new and unique "DynaWrap"
rippable elastic bandage features:
• A porous all natural adhesive
• Strong and durable back cloth/adhesive
provides excellent conformability
• Consistent unwind tension—
no ballooning or gaping
• Moisture resistant
CATALOG NO.

SIZE

#51-308-9
#51-309-9

QUANTITY

2"x7'/2yds
3"x7'/2yds

24 rolls per case
16 rolls per case

DynaPIast
This DynaSport elastic tape features an all natural,
moisture resistant adhesive combined with a strong
back cloth for optimum conformability and strength.
DynaPlast's balanced adhesive gives it a smooth,
consistent unwind tension
for easy application.
Catalog No.—#51-313-9
Size—3" x 5 yds
Quantity—16 rolls per case

SpeedWrap
DynaSport introduces "SpeedWrap" Athletic
tape featuring:
• Consistent unwind tension to the core
• Superb tensile strength
• Extended shelf life
• Manufacturer direct
CATALOG NO.

SIZE

#51-310-9
#51-311-9

l'/2"xl5yds 32 rolls per case
2"xl5yds
24 rolls per case

PreWrap
DynaSport's PreWrap'underwrap is a highly porous
underwrap designed to protect the skin from
repeated tapings. It tears easily and conforms well
to the skin.
Catalog No.—#51-312-9
Size—23/4 "x30yds
Quantity—48 rolls per case

FOR A DYNASPORT CATOLOG,
SAMPLES, OR TO PLACE AN ORDER
PLEASE CALL US TOLL FREE AT

1-800-228-4421

QUANTITY

Smith & Nephew Don.Ioy Inc

FAX (619) 438-3210,
TELEX #5101007208
5966 La Place Court,
Carlsbad, CA 92008
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