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I Not all patella complaints have the same solution,
That is why PRO offers eight different supports that address patella
control problems. No matter which support you choose you can be
assured of the same quality construction from 100% neoprene rubber.
Only 100% neoprene offers the compression, therapeutic heat retention,
and proprioceptive feedback you have come to expect from PRO products.
This brace offers intermediate patella stabilization.
Built-in channel around patella opening contains a soft
flexible foam core that aids in patella stabilization. Four
geometrically opposed openings on the inside of the
channel allow access to the foam core. This allows the
user to remove one or more sections, if desired, to
customize patella stabilizer.

Constructed of double thick 1/4" neoprene for additional
compression and support. Lateral felt crescent sewn to the
inside of the support acts as a buttress to aid in preventing patella subluxation. Patella opening allows patella to
rise, maximizing benefit of lateral buttress
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PATELLA
SUPPORT

BRACE

Featuring a patella control horseshoe sewn in the inferior
position. This brace aids in altering the mechanics of
patella- femoral articulation. Effective in providing relief
to chondromalacia complaints. Also effective in patella
tracking disorders.

This brace features a moveable horseshoe that attaches
to the inside of the support utilizing the compression of
the sleeve to maximize the effectiveness of the horseshoe.

* U.S. Pat # 4,084,584

For additional information on these and other quality PRO products, call

1-800-523-5611

Our service personnel will be happy to send you a new
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Until yOU>e^COMPARED our rates, our benefits
^
and bur service to your current
professional liability coverage-

HPSO

Healthcare Providers Service Organization"

COMPARE our Rates:

COMPARE our Benefits:

Just $175 a year for full-time
employed Athletic Trainers.

COMPARE our Service:

Liability limits up to $5,000,000 annual
aggregate, up to $1,000,000 per occurrence.
Legal Fees - defense attorney and investigative
fees-WIN or LOSE.
Off Duty Coverage - protects you 24 hours a day!

Students pay just $35 per year.
Recent graduates are eligible for a
50% discount.

HPSO has been serving healthcare
professions for over 25 years. We now
protect over 70 different professions
and more than 650,000 healthcare
workers. Our customer service
representatives are there when you need
them to offer support and advice.

Professional Liability Insurance for Athletic Trainers
For All the Commitments You Make*

MAIL TO: HPSO 159 E. County Line Road

APE-A2CA11A

Hatboro, PA 19040-1218

D YES, I want the protection of HPSO Malpractice Insurance up to $1,000,000 per occurrence/up to $5,000,000 annual aggregate (09)
Name
Address

____________________________

City
State
Zip
I. I am an Athletic Trainer (MLP-MI)
D Part time* ($100yr.)
Employed D Full time ($175yr.)
Serf-Employed D Full time ($525 yr.)
D Part time* ($263 yr.)

6. Has any malpractice claim or suit ever been brought
against you?.......................................................................... DYes DNo
7. Have you been the subject of a disciplinary action, reprimanded, refused
admission, suspended before any court or administrative agency or
otherwise disciplined as a result of an investigation of your
professional conduct at the local, state or national level?.... D Yes D No

*20 hrs. or less per week
If you are incorporated or self-employed with employees please call 1-888-288-3534
D Student ($35 yr.) Grad. Date ___ / ___ / ___
D Recent Graduate (within 12 mos.) Eligible for 50% discount

If you answered "YES" to questions 5, 6 or 7 please provide complete
details on a separate sheet of paper and attach to application.

2. Date of Birth _ / _ / _ Social Security # ____ - _ - ___
Telephone (_) _________ Fax (_) _______
„ _
.. . t-n ...
r> i
/
i
3. Requested Effective Date: ___ / ___ / ___

(Date should be within 60
days from application date.)

D Bill me
D Enclosed is my check (payable to: HPSO)
D Charge my credit card. D VISA D MasterCard nDiscover

4. Are you a member of a professional association? ....... DYes Dl\lo
Name of Association
5. Have you ever had professional liability insurance which was declined
canceled or non-renewed? (Not applicable for MO residents.)........... DYes UNo

8. Do you currently carry: a)D Homeowner's policy, b)D Condominium
owner's policy, c)D Tenant's homeowner's policy, d)D None of the above?
____Insurance Agent: Nicholas C. Kihm Florida License #203261003___

Credit Card #

Exp. Date: _ /.

I have answered these questions to the best of my knowledge. I have not withheld any information that would influence the judgment of the Insurance Company. My signing of the application does not bind the
Company to complete the insurance. This application will be the basis of the contract should a Certificate of Insurance be issued.
Any person who knowingly and with intent to defraud any Insurance Company or other person files an application for insurance or statement of claim, containing any materially false information, or
conceals for the purpose of misleading, information concerning any facts material thereto, commits a fraudulent insurance act, which is a crime and subjects such person to criminal and civil penalties,
including but not limited to fines, denial of insurance benefits, civil damages, criminal prosecution, and confinement in state prison. Applicable in NY: Fines will not exceed $5,000. Applicable in
Colorado: Any Insurance Company or agent of an Insurance Company who knowingly provides false, incomplete or misleading facts or information to a policyholder or claimant, for the purpose of
defrauding or attempting to defraud the policyholder or claimant, with regard to a settlement or award payable from insurance proceeds, shall be reported to the Colorado division of insurance within the
department of regulatory agencies.

Signature X_

Date.

THIS APPLICATION MUST BE FULLY COMPLETED, SIGNED AND DATED IN INK. WE WILL ISSUE YOUR CERTIFICATE OF INSURANCE UPON APPROVAL.

This program is offered through Affinity Insurance Services. Inc. Program is available only in the United Slates. Application is made to American Casualty Company of Reading, PA, a CNA company. Coverages, rates
and limits may dilfer in some states. Availability of this program is subject to each state's approval. CNA is a registered service mark and trade name of CNA Financial Corporation/CNA Plaza/Chicago, IL 60685.
Healthcare Providers Service Organization is a division of Affinity Insurance Services, Inc.; in NY and NH. AIS Affinity Insurance Agency; in MN and OK, AIS Affinity Insurance Agency, Inc.; and in CA, Aon Insurance Services. In FL,
we are not an unaffiliated or independent not-for-profit entity. Affinity Insurance Services, Inc. is the program administrator for the insurer underwriting the policy.
This program is underwritten by American Casualty Company ol Reading, PA, a CNA company. CNA is in the process of seeking necessary regulatory approvals which will enable them to offer enhanced coverages described in this
ad. If your state has approved the filing by the time your application is processed, your policy will be issued with these enhanced coverages. If the filing has not been approved in your state by the time your application is processed
then the current coverages and rates will be issued. Availability ol this program is subject to each state's approval, Program is available only within the United States. Coverages, rates and limits may differ in some states. This
material is lor illustrative purposes only and is not a contract. Only the policy can provide the actual description of services, terms, conditions and exclusions.
© 2000 Affinity Insurance Services, Inc
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Athletic
Training
isn't always by the book
J^ • M

Introducing Athletic Training:
Concepts and Skills, a new interactive
software program from Cramer.

i^L H^b ^^^.

H^ ^^^ .^^ I _ ^^^^^

"Support
the injured finger
with the adjacent finger
that is longer than the
injured. "

Imagine having a private tutor who can walk and
talk you through the basics of athletic training at
your pace. That's the concept behind this educational CD-ROM. With the click of a mouse, you
can access information about Injury Evaluation,
Splinting Techniques, Basic Principles of
Rehabilitation and Pharmacology. You can even
view taping and splinting demonstrations while
listening to step-by-step audio instructions. And
when you're ready, test your knowledge with
Master Quiz. This unique software is ideal for
individuals or large classes. Order Athletic
Training: Concepts and Skills today.

$10 off

Mention this ad and save $10 off
the regular price. Order today!
Call 1-800-255-6621.
www.cramersportsmed.com

©1999, Cramer Products, Inc.

ATHLETIC TRAINING

MAXIMIZING SPORTS HEALTH

Master of Science in Athletic Training* (M.S.A.T.)
Seton Hall University's Department of Sport Sciences offers New Jersey's only M.S.A.T. with two options. For entry-level
students there is a three-year, full-time course of study. There is also an accelerated program for students with a related
background. This program will provide you with the state-of-the-art academic and clinical experience necessary to become
an integral member of the sports health care team. The American Medical Association recognizes Athletic Training as a
health profession. You will learn to provide services including injury prevention, assessment of athletic trauma, immediate
care and rehabilitation. Your education will include working with athletes in a wide variety of settings as well as clinical
research. Upon completion, you will be prepared for the National Athletic Trainers' Association Board of Certification Examination.

Applications are now being accepted for Fall 2001.
We also offer a post-professional Master of Science in Health Sciences for Certified Athletic Trainers.
FOR MORE INFORMATION AND AN APPLICATION CALL
(973) 275-2826 (Department of Sport Sciences) On the web gradmeded.shu.edu

SETON HALL

UNIVERSITY.

400 South Orange Avenue, South Orange, NJ 07079 • http://wvvw.sliu.edu

* Application for Candidacy status
by disjoin! Review Committee
on Educational Programs in
Athletic Training (JRC-AT) is
currently in progress.

TheAircast
Foundation

Committed to optimizing function
and improving medical outcomes

Mission
To promote excellence in scientific research and education
in the area of orthopaedic medicine and science
To fund quality, innovative research that focuses on
optimizing function and improving medical outcomes
For additional information or application contact
www.aircastfoundation.org
or
(800) 720-5516
A private foundation established in 1996, independent of

THE MULTIAXIAL®ANKLE EXERCISER
OVER TWENTY YEARS OF RESULTS

-Saves valuable rehabilitation time and space while providing the most efficient system
of proprioceptive and strengthening exercises for the ankle at a reasonable cost.
-Universal movement through all joint ranges of motion
-Smooth action and adjustable progressive calibrated resistance
-Wall chart of 15 comprehensive core patterns of exercise-included

NEW LEG STABILIZING ATTACH^INT
-Optional attachment for the Multiaxial Ankle Exerciser
-Prevents unwanted leg movements while exercising
-Provides alignment and concentrates work in ankle & foot^
asily attaches to black plastic base of new or older units

FOR MORE INFORMATION, PLEASE CONTACT: __
MULTIAXIAL, INC., PO BOX 404, LINCOLN, RI 02355 (401)723-2525

CEU Quiz
The CEU quiz for the December 2000 issue
(Volume 35, Number 4) of the
Journal of Athletic Training will be located
in the January 2001 NATA News.

23rd Annual Student Writing Contest
Entries must be received at the following address by March 1, 2001
NATA Student Writing Contest
Deloss Brubaker, EdD, ATC
Life College
1269 Barclay Circle
Marietta, GA 30060
For a detailed description of the contest rules, please refer to the
September 1999 issue of the Journal of Athletic Training.
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Metrecom Measurement of Navicular Drop
in Subjects with Anterior Cruciate Ligament
Injury
Mary K. Alien, MS; Ward M. Glasoe, MA, PT, ATC
Physiotherapy Associates, Cedar Rapids, IA
Objective: Research suggests that excessive pronation of
the foot contributes to the incidence of anterior cruciate liga
ment (ACL) tears by increasing internal tibial rotation. Studies
have documented greater navicular drop values in individuals
with a history of an ACL tear using methods that may not
accurately follow the motion of underlying bone. The purpose
of our investigation was to compare the navicular drop of
subjects with a history of ACL tears with healthy controls when
measured by a Metrecom.
Subjects: Eighteen subjects previously diagnosed with a
torn ACL were matched by age, sex, and limb to noninjured
control subjects.
Design and Setting: Static group comparisons of navicular
drop in subjects with an injured ACL and subjects having no
history of ACL injury.
Measurements: A single investigator performed the mea
sure of navicular drop. The position of the navicular tuberosity

T

he contribution of abnormal biomechanics in the foot to
the development of knee pathology is clinically impor
tant in the prevention and treatment of injury. 1 "5 During
weightbearing, the foot and knee act as interactive segments,
with pronation of the foot and internal rotation of the tibia
occurring simultaneously.6 One mechanical function of the
anterior cruciate ligament (ACL) in the knee is to limit the
internal rotation of the tibia. 7 Studies suggest a contributing
mechanism to ACL injury is excessive tibial rotation due to
hyperpronation of the subtalar joint, with the resulting strain on
the ACL increasing the risk of a tear. 8 " 10
Navicular drop is a clinical measure of foot pronation, 11
defined as the change in height of the navicular bone when the
foot moves from subtalar neutral to a relaxed weightbearing
stance. 12 We identified 4 studies that investigated the measure
of navicular drop in subjects with a history of an ACL
tear. 8 ""10' 13 Three studies documented significantly greater
navicular drop in patients with ACL injuries when compared
with matched controls. 8 " 10 Smith et al, 13 however, reported no
difference between groups. Three of the studies8'9' 13 measured
navicular drop by recording the vertical change in the position
of a pen mark on the skin overlying the navicular tuberosity, a
method previously described by Brody. 12 The height of the
navicular tuberosity was first marked on a file card or meaAddress correspondence to Mary K. Alien, MS, Physiotherapy Associ
ates, 600 7th Street SE, Cedar Rapids, IA 52401. E-mail address:
MaryKayAllen@aol.com

was digitized while the subject stood barefoot on a flat surface
in subtalar joint neutral and in relaxed stance. Intrarater reliabil
ity was assessed using intraclass correlation coefficient and
standard error of the measurement. An independent t test
assessed the difference between the amount of navicular drop
in the ACL group and the controls.
Results: Analysis of repeated measures, intraclass correla
tion coefficient (2,1), demonstrated intrarater reliability for the
measure of navicular drop to be 0.90; the standard error of
measurement was 1.19 mm. The independent t test showed a
statistically greater amount of navicular drop in the ACL group.
Conclusions: Excellent intrarater reliability was demon
strated when using the Metrecom to measure navicular drop.
Excessive subtalar joint pronation, measured as navicular drop,
was identified as 1 factor that may contribute to ACL injury.
Key Words: pronation, internal tibial rotation, navicular bone

sured by ruler with the subject in subtalar neutral. The subject
was then allowed to resume normal weightbearing stance, and
the height of the pen mark was again recorded. Loudon et al 10
measured the change in the most distal point of the navicular
tuberosity, which although not specified, would indicate direct
palpation was used to identify the measurement site.
Testing for reliability was reported in only 2 of these 4
studies. Smith et al 13 repeated measures on the noninjured
control group (intraclass correlation coefficients [ICC] values
were 0.72 for the left foot and 0.82 for the right). Loudon et
al 10 reported excellent intratester reliability for their method
(K value of 0.87).
Three aspects of these previous studies are problematic.
First, the reported intratester reliability of the navicular drop
measure 10,13-15 varies greatly, depending on the skill of the tester
and the level of control exerted over repeated foot placement. Not
testing or reporting reliability severely limits the usefulness of the
data. Second, measurement of a pen mark is subject to skin
movement. 16 Third, tracking the change in height of a pen mark
or bony landmark attempts to measure the vertical component of
displacement; however, navicular drop includes movement com
ponents in the medial and anterior directions as well. 17
The purpose of our investigation was 2-fold. First, we
wanted to assess the reliability of the measure of navicular drop
when using a Metrecom (FARO Medical Technologies Inc,
Lake Mary, FL). The second purpose was to compare the
Metrecom-measured navicular drop of subjects with a history
of ACL tears with that of noninjured matched controls. The
Journal of Athletic Training
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null hypothesis was that navicular drop would not differ
between groups.
METHODS

This study received approval from the Institutional Review
Board of Physiotherapy Associates, which also approved the
informed consent form signed by each subject. Thirty-six
subjects volunteered for the study. Eighteen subjects (12 men,
6 women) had a history of an ACL tear diagnosed by a
physician. Sixteen subjects had tears confirmed by magnetic
resonance imaging or arthroscopy; 2 tears were diagnosed
clinically, with the diagnosis supported by a KT-1000 test.
ACL-injured subjects were matched with control subjects by
age, sex, and limb. Sixteen subjects in the ACL group had
undergone reconstructive surgery, and 2 had been treated
conservatively. The mean age of the ACL group was 29.9 ±
9.5 years; range, 18 to 49 years. The control group (mean
age = 29.9 ± 8.6 years) had no reported history of ACL injury.
No subjects had a history of foot or ankle trauma during the 6
months before testing.
A single examiner measured navicular drop using the
Metrecom. The Metrecom is an electromechanical, 3-dimensional digitizer (Figure I). 17 The Metrecom measures the 2
positional points in 3-dimensional space and calculates the
change in distance for the investigator, who is blinded from the
results during the test. Linear accuracy, repeatability, and
linearity of the system have been demonstrated. 18 A mean
accuracy of 0.9 mm was reported when the Metrecom was used
to digitize a calibration device. 18
Subjects stood on an elevated platform with their feet a
comfortable distance apart. The probe of the Metrecom was
placed directly under the tuberosity of the navicular (Figure 2).
The subject inverted the foot while the examiner palpated the
congruency of the talar head in the mortise joint for subtalar
neutral position. Once positioned, the location of the tuberosity
was digitized. The probe of the Metrecom remained positioned

Figure 2. Metrecom measurement of navicular drop.

under the tuberosity as the subject then resumed a normal,
relaxed stance, and the second point was digitized. To test for
reliability, the measure was repeated on all subjects. The
average of the 2 trials was computed as the measure of
navicular drop. Both feet were tested in all subjects. The limb
with the ACL injury was considered the test limb (10 right and
8 left limbs) and matched with the same limb from the control
group.
Intratester reliability of the navicular drop measure was
determined using ICC (2,1), 19 and the standard error of
measurement was calculated. We used an independent t test to
assess the difference in navicular drop between groups.
RESULTS

Mean, standard deviations, and range of values for navicular
drop are summarized in Table 1. ICC intrarater reliability was
0.90, with a standard error of measurement of 1.19 mm. The
independent t test showed a statistically (P < .05) larger
navicular drop in the ACL group. The noninjured limb of the
ACL group also had a statistically (P < .05) larger navicular
drop than the ipsilateral limb in the control group (Table 2).
Values for navicular drop measured in ACL-injured subjects
by sex are provided in Table 3. There was no significant
difference between male and female values in the ACL-injured
group.
DISCUSSION

Measurement Reliability
Navicular drop has been reported to be between 6 and 9 mm
of movement in healthy, normal subjects. 8' 17'20 The control
group in our study consisted of a varied population of healthy,
active individuals, and their mean navicular drop value
(8.1 mm) fell within this range. In studies comparing ACLTable 1. Navicular Drop Values (mm)

Figure 1. The Metrecom digitizing unit.
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Group

Mean

SD

Range

Control
ACL injured

8.1
10.5*

2.8
4.0

3.5-13.5
6.0-20.0

*Statistically significant difference from controls (P < .05).

Table 2. Navicular Drop Values of Noninjured Limbs (mm)
Group

Mean

SD

Range

Control
ACL injured

8.1
10.1*

3.0
3.6

3.5-14
5.5-16

*Statistically significant difference from controls (P < .05).

Table 3. Navicular Drop Values of ACL-lnjured Group by Sex (mm)
Sex
Females
Males

6
12

Mean

SD

Range

10.2

3.5
4.3

5.5-15.5
6.5-20

10.7

the foot in subtalar neutral. The subjects then stood during the
second measure. A study by Joyce et al21 demonstrated that the
variation in loading does have an effect on the overall
movement of the navicular, with seated subtalar neutral to
standing subtalar relaxed positioning resulting in larger navic
ular drop values.
Measuring the change of position of a pen mark on the skin
is inexpensive and easy to perform in a clinical setting;
however, navicular drop is a relatively small measure of
displacement. Due to skin movement, the mark may not reflect
the same relative position on the tuberosity as the navicular
drops from subtalar neutral into pronation. 16 When measuring
millimeters of bony displacement, movement of the skin can
have a large impact on the measurement total. Added to the
potential error of determining the subtalar neutral position, 15
the value of the measurement can be significantly affected;
thus, issues of reliability and accuracy become critical when
reporting navicular drop data.
We demonstrated excellent intratester reliability for the
measurement of navicular drop. The probe of the Metrecom
was positioned under the navicular tuberosity, and contact was
maintained throughout the procedure. The probe's position was
unaffected by skin movement. The examiner's hand never left
the palpation points on the head of the talus; thus, a shift from
subtalar neutral by the subject was easily detected and cor
rected. Controlling these factors of error in the measure of
navicular drop provides data that are closer to reflecting the
true motion that occurred.

injured with normal subjects, the mean navicular drop mea
surements have varied, depending on the subject population
(Table 4). 8 - 10- 13 One study's authors did not report mean
values of the drop measure but grouped subjects according to
low (< 6 mm), normal (6 to 9 mm), or high (> 9 mm) amounts
of movement. 10 The ACL-injured groups in 3 studies8'9' 13 had
significantly greater navicular drop values than healthy, normal
subjects. The results of our study support these findings.
Smith et al 13 reported finding no significant difference in
navicular drop between noncontact ACL-injured subjects and
controls. It is not clear why their results contrast with other
published data. They cite sex differences as a possible expla
nation, suggesting that women have smaller drop values. Thus,
with an equal number of ACL-injured women7 and men
included in their study, the mean value for the injured group
was diminished. We found, however, that the ACL-injured
women in our study had a mean navicular drop value compa Relationship of Navicular Drop to ACL Injury
rable with that of the men (Table 3). Both men and women in
McClay and Manal, 5 using 3-dimensional kinematic gait
the ACL-injured group demonstrated greater navicular drop
values than the control subjects. Other possible explanations analysis, demonstrated greater internal rotation of the tibia
offered by Smith et al 13 for the lack of difference between during running in subjects with excessive foot pronation
groups included sample size and the use of noncontact ACL- (11.1 ± 3.5° versus 8.9 ± 2.5° for the controls). Statistically
injured subjects. The other reported studies (Table 4) that did significant higher peak velocities of foot eversion and knee
show significantly larger navicular drop values in ACL-injured flexion, as well as greater knee-flexion angles, were also
subjects also included small sample sizes, similar subject seen in the pronation group when compared with normal
populations, noncontact ACL-injured subjects, or a combina subjects. 22 Excessive rearfoot pronation has been linked to
overuse injuries of the knee. 23"24 Navicular drop studies
tion of these factors. 8 " 10
Positioning of the subjects in our study followed the proce suggest a link between excessive subtalar pronation and
dure described by Brody. 12 Previous studies 8 " 10' 13 examining ACL injuries. 8 " 10 In our study, the similarity in navicular
the relationship between ACL injuries and navicular drop drop values between the injured (10.5 mm) and noninjured
followed Brody's method of manual measurement, but unlike limb (10.1 mm) of the ACL group support the suggestion
Brody, varied the weightbearing position of the subjects that the higher values were not due to the injury or surgical
between conditions. The subjects were seated (rather than repair but inherent in the individuals with ACL injury. A
standing) during measurement of the navicular position with bilateral comparison of the control group's navicular drop
Table 4. Reported Navicular Drop Values in ACL-lnjured versus Healthy Subjects
Investigator
Woodford-Rogers et al 9

Beckett et al8
Loudon et al 10
Smith et al 13

Group
ACL
Control
ACL
Control
ACL
Control
ACL
Control
ACL
Control

Mean (mm)

Age (years)
19.1
18.1
19.5
19.0
22.9
21.8
26.5
26.2
21.1
21.1

± 6.0
± 1 .6
± 1 .7
± 1,.2
± 7,.6
± 9,.4
± 7..6
± 7.,8
±0.,8
± 2.,0

14 m*
14 m
8f*
8f
11 f, 39 m
11 f, 39 m
20 f
20 f
7f, 7 m
7f, 7 m

8 .4
5 .9
5 .0
3,.0
13.0
6..9

±
±
±
±
±
-i-

4.2
2.4
2.5
1.1
4.4
3.2

-H
±

Mixed

Noncontact
Mixed

Noncontact

t
t
6..3
6..2

Injury Mechanism

3.1
2.6

Noncontact

*m, males; f, females.
|Mean values not reported. Fifteen ACL subjects had > 9 mm of drop, 14 control subjects had < 9 mm of drop.
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values also demonstrated similarity (8.1 mm for both limbs).
These values were significantly lower than those of the ACL
group, supporting the concept that excessive pronation may
be a factor in ACL injury.
Further study is needed to determine if this is a causal
relationship or related to generalized tissue laxity. The
complexity of the anatomical relationships in the lower
extremity, 25"27 coupled with the variance in subject popu
lation and data collection procedures, only allow us to
suggest an association. ACL tears are a common injury. If
excess pronation and tibial rotation contribute to the inci
dence of injury, screening and possible prevention with
orthotic management of the foot could benefit many.
CONCLUSIONS

Our study is the first to report values for ACL-injured
subjects using the Metrecom as the measurement tool. Excel
lent intrarater reliability for this method was demonstrated. The
results of this study support previous work, which indicates
that excessive pronation of the foot is a factor that may be
associated with ACL injury.
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Long-Term Ankle Brace Use Does Not
Affect Peroneus Longus Muscle Latency
During Sudden Inversion in Normal Subjects
Mitchell L. Cordova, PhD, ATC; Chris V. Cardona, MS, ATC;
Christopher D. Ingersoll, PhD, ATC; Michelle A. Sandrey, PhD, ATC
Sports Injury Research Laboratory, Athletic Training Department, Indiana State University, Terre Haute, IN
Objective: External ankle supports are widely used in sports
medicine. However, ankle bracing in a healthy ankle over a
sustained period has been scrutinized due to possible neuromuscular adaptations resulting in diminished dynamic support
offered by the peroneus longus muscle. Although this claim is
anecdotal in nature, we sought to investigate the effects of
long-term ankle bracing using 2 commonly available appliances
on peroneus longus latency in normal subjects. Our second
purpose was to evaluate the effects of ankle bracing on
peroneus longus latency before a period of extended use.
Design and Setting: A 3 x 3 x 2 design with repeated
measures on the first and third factors was used in this study.
All data were collected in the Sports Injury Research Labora
tory.
Subjects: Twenty (12 men and 8 women) physically active
college students (age = 23.6 ± 1.7 years; height = 168.7 ± 8.4
cm; weight = 69.9 ± 12.0 kg) free of ankle or lower extremity
injury in the 12 months before the study and not involved in a

strength-training or conditioning program in the 6 months
before the study.
Measurements: We evaluated peroneus longus latency by
studying the electromyogram of the muscle after sudden foot
inversion.
Results: Application of a lace-up or semirigid brace did not
affect peroneus longus latency. Additionally, 8 weeks of longterm ankle appliance use had no effect on peroneus longus
latency.
Conclusions: The duration of the peroneus longus stretch
reflex (latency) is neither facilitated nor inhibited with extended
use of an external ankle support. Proprioceptive input provided
by the muscle spindles within the peroneus longus does not
appear to be compromised with the long-term use of ankle
braces.
Key Words: peroneus longus reaction time, stretch reflex,
ankle bracing, electromyography

T

static
and dynamic inversion stress,13 has been well studied.
The use of external ankle supports has been scrutinized due to
testimony suggesting that supporting a healthy ankle can lead
to the development of weakness in the surrounding muscles.
Clinicians have surmised that long-term application of an ankle
brace may cause the ankle's supporting structures to weaken
and remodel so that they become dependent on this support.
With the extended use of an ankle brace, the leg musculature's
ability to respond to an external stimulus or perturbation may
be delayed, thereby diminishing neuromuscular function and
potentially placing the ankle-foot complex at risk for injury. To
our knowledge, the effects of long-term ankle bracing on
peroneus longus neuromuscular function in the healthy and
chronically unstable ankle have not been addressed. Therefore,
our primary purpose was to evaluate the reaction time, or
latency, of the peroneus longus after long-term application of 2
selected ankle braces. Second, we were interested in assessing
if ankle bracing affected peroneus longus latency before a
period of extended use.

rauma involving the ankle and foot complex remains
among the most common injuries in sport 1 3 ; of these
injuries, approximately 86% are sprains. Furthermore, it
has been estimated that nearly 1 million people in the United
States suffer from acute ankle injuries annually.4 Over the years,
health care professionals have tried to prevent acute ankle sprains
and chronic reinjuries by using various prophylactic measures,
such as adhesive taping and commercially available ankle stabi
lizers. In an effort to combat this epidemiologic problem, many
manufacturers have developed protective braces to support the
ankle. Of these prophylactic devices, 2 basic types exist: lace-up
and semirigid braces.5 Lace-up braces are generally constructed of
a soft canvas or nylon material, whereas semirigid braces contain
a stirrup consisting of a thermoplastic material.5
Independent of any protective device, the musculature con
trolling the ankle and foot acts to provide a dynamic restraint
against external forces. Specifically, the peroneus longus
muscle acts as the primary defense mechanism against an
inversion moment applied to the foot.6 Because the peroneus
longus plays a critical role in the dynamic support of the
ankle-foot complex, its neuromuscular response during quasi-

METHODS
Address correspondence to Mitchell L. Cordova, PhD, ATC, Athletic
Training Department, Indiana State University, Terre Haute, IN 47809.
E-mail address: m-cordova@indstate.edu

A 3 X 3 X 2 factorial design was used to determine if
peroneus longus latency differed with 3 ankle brace applica
tions, 3 ankle brace treatments, and before and after 8 weeks of
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extended use. The first independent variable (within-subjects
factor) was test condition, with 3 levels: control (no brace),
Active Ankle Training brace (Active Ankle Systems, Inc,
Louisville, KY), and McDavid 199 (McDavid Knee Guard,
Chicago, IL). The second independent variable (betweensubjects factor) was treatment, with 3 levels: control (no
brace), Active Ankle Training brace, and McDavid 199. The
third independent variable (within-subjects factor) was time,
with 2 levels: pretest and posttest. The dependent variable was
peroneus longus reaction time, or latency.
Subjects
Twenty (12 men and 8 women) physically active, collegeaged subjects (age = 23.6 ±1.7 yrs; height = 168.7 ± 8.4 cm;
weight = 69.9 ± 12.0 kg) volunteered for this study. Subjects
had incurred no known ankle or lower extremity injuries in the
12 months before the study. Furthermore, all subjects were
screened with a preparticipation survey to ensure that they had
not been involved in a strength-training or conditioning pro
gram that would have altered the physiologic function of the
peroneus longus in the 6 months before the study. Each subject
read and signed an informed consent form approved by the
School of Health & Human Performance Human Subjects
Review Committee, which also approved the study. Each
subject was required to report to the research laboratory on 2
separate occasions.
Instrumentation
A 4-channel, telemetered, biological signal-acquisition sys
tem (MP 100, BIOPAC Systems Inc, Santa Barbara, CA)
recorded the electric activity of the peroneus longus and an
analog signal derived from a switch positioned on the trap
door. Disposable 10-mm Ag-AgCl surface electrodes (Ver
Med, Bellows Falls, VT) arranged in a bipolar configuration
were used to detect the electric activity and reaction time of the
peroneus longus during sudden foot inversion. The raw elec
tro my ogram signal was digitally converted at 1000 Hz, ampli
fied (gain set at 1000), and interfaced to a controlling desktop
computer. The analog signal arising from the trap door was
simultaneously sampled and time matched to the collected
electromyogram signal. This analog signal identified the start
of the inversion movement and allowed for assessment of
peroneus longus latency. A custom-made inversion platform
was used to produce the inversion movement. This device was
constructed similarly to an inversion platform used in previous
studies evaluating peroneus longus response. 14' 15 The subjects
stood on 2 separate, flat surfaces. At random, the platform was
abruptly tilted to 35° of foot inversion by removing the primary
support.
Testing Procedures
Subjects were introduced to the instrumentation and had the
testing procedures explained before the pretest. The dominant
lower extremity of each subject was first tested under each of
the 3 ankle support conditions: control (no brace), Active
Ankle Training brace, and McDavid 199 in a counterbalanced
fashion. The dominant extremity was defined as the preferred
extremity the subject would use to kick a soccer ball. Addi
tionally, subjects performed this testing while wearing a
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cross-training shoe. The skin over the muscle belly of the
peroneus longus was prepared for electrode placement by
shaving any hair and cleansing with an alcohol pad to reduce
skin impedance. Disposable, self-adhesive Ag-AgCl electrodes
were placed over the muscle belly of the peroneus longus of the
dominant extremity, as previously described. 16 The reference
electrode was placed over the lateral malleolus of the same
extremity.
Each subject was instructed to stand on both legs with the
weight evenly distributed on the platform. We assumed that the
weight distribution for all subjects was maintained throughout
testing. The subject's elbows were flexed, with the hands on
the hips. Once the subject was balanced, the platform under the
subject's dominant extremity (tested ankle) was randomly
dropped to a 35° angle. Dropping of the platform was random
to eliminate premotor activity of the peroneus longus, as well
as to prevent the subject from anticipating the release. Baseline
activity of the peroneus longus was carefully evaluated to
ensure that no heightened amplitude existed before the trap
door was released, which would indicate premotor response.
For safety purposes, 1 spotter was placed on each side in case
the subject lost his or her balance. The pretest consisted of
having subjects perform 5 trials of sudden foot inversion in
which peroneus longus latency was measured. To assess
peroneus longus latency accurately, the release of the trapdoor
was indicated by an analog signal, which was synchronized
with the peroneus longus electromyographic activity. Peroneus
longus latency was defined as the time between the initiation of
trapdoor release and the initial firing of the peroneus longus
muscle. 6' 11 Specifically, we measured the duration between the
release of the trapdoor and the electromyographic amplitude
associated with the second component (M2) of the stretch
reflex. 17 The 5 scores for each testing condition were totaled,
averaged, and recorded as the mean pretest score for each
subject.
After the pretest, each subject was randomly assigned to 1 of
the 3 treatment conditions (control [n = 7], Active Ankle [n =
6], or McDavid [n = 7]), to evaluate the potential long-term
effect of each condition. For each brace condition, the subject
was required to wear the brace on the dominant extremity for
a minimum of 8 h/d, 5 d/wk, for an 8-week period. The brace
was worn during an 8-hour time period in which the subject
was active on his or her feet, and subjects checked in with the
investigators regularly. Because subjects were not readily
available on campus during the weekends, it was difficult to
ensure compliance with the treatment protocol. Thus, subjects
were instructed to wear the braces Monday through Friday,
which allowed for better treatment compliance. Although we
did not quantify the actual time the subjects wore the braces,
regular interaction occurred throughout the treatment period to
ensure that the subjects followed the protocol. Subjects were
instructed not to wear the braces while sleeping. During the
control condition, subjects were instructed to participate in
their normal activities of daily living without emphasizing any
particular activities. Immediately after the 8-week treatment
period, peroneus longus latency was measured under the same
pretest conditions described above. This posttest measurement
allowed for assessment of the treatment condition (betweensubjects factor) after 8 weeks. The average of the 5 trials for
each condition obtained during the pretest and posttest was
used for statistical analysis.

Statistical Analysis
We used a 3-way, repeated-measures analysis of variance to
determine if peroneus longus reaction time differed across
levels of brace condition, treatment condition, and time. Simple
main-effects testing and the Tukey multiple-comparisons proce
dure were used to identify group differences. The level of
significance was established a priori at P < .05.
RESULTS

The means and standard deviations for peroneus longus
latency by testing condition, treatment condition, and time are
presented in the Table. No significant 3-way (F432 = 0.731,
P = .53) interaction was observed among the independent
variables. Similarly, no significant 2-way interactions were
observed between test condition and treatment condition
(F2,32 = °-57> P = -69), time and test condition (F2>32 = 0-142,
P = .89), or time and treatment condition (F232 = 0.170,
P — .84). As for each main effect, no difference was found for
test condition (F232 - 0.427, P - .56), treatment condition
(F2 16 = 1.51, P = .184), or time (FU6 = 4.24, P = 0.06) on
peroneus longus latency (Figure).
DISCUSSION

An important component in establishing and maintaining
functional joint stability is the ability to improve and facilitate
proprioception. 18 With respect to the ankle-foot complex, Free
man and colleagues 19'20 postulated that chronic ankle injury is due
to mechanical instability and decreased afference from joint
mechanoreceptors after injury. This theory has also been sup
ported by the work of Lentell et al.21 The effects of ankle bracing
on talocrural and subtalar joint ranges of motion have been studied
extensively and recently statistically summarized using metaanalysis procedures.22 Various forms of ankle supports (tape and
braces) are effective in providing mechanical stability while
restricting joint range of motion.23"28 While external ankle sup
ports are effective in providing mechanical stability, their effect
on joint proprioception is less understood. Improvement in pro
prioception has been shown to occur not only through the use of
exercise and rehabilitation29 "31 but also through stimulation of
cutaneous mechanoreceptors near and around the ankle through
the application of various types of ankle support. 32'33
In our study, we attempted to investigate the effects of
long-term ankle brace use on the duration of the peroneus
longus stretch reflex. Our main objective was to assess the
Mean (±SD) Peroneus Longus Latency* by Test Condition and
Treatment Condition
Test Condition
Treatment Condition
Control
Pretest
Posttest
Active Ankle
Pretest
Posttest
McDavid
Pretest
Posttest
*Milliseconds.

Control

Active Ankle

McDavid

46.4 ± 1 .9
42.2 ± 2 .0

48 .1 ±2..4
45,.3 ± 2 .9

45 .9 ± 1 .7
41 .0 ± 4 .3

56.0 ±4.3
48.2 ± 4..8

47..5 ±3,.9
49.,3 ± 5..7

54,.6 ± 3,.3
49.0 ±4.3

48.3 ± 4.4
48.1 ±3,.0

47.,8 ± 2.,9
43. 3 ± 3.,5

45.,7 ± 1..3
43.,9 ±3,.6

Pre

Post

Control

Pre

Post

McDavid

Pre

Post

Active Ankle

Peroneus longus latency across time and treatment conditions.
No differences existed between treatment conditions and time
(P > .05).

influence of long-term ankle brace application on peroneus
longus latency. Peroneus longus neuromuscular function is
critical in dynamically protecting the ankle-foot complex from
inversion injuries. As a result, peroneus longus reaction time,
or latency, during a simulated ankle sprain has generally been
studied in unbraced normal and chronically unstable
ankles6'8 " 12 ; therefore, the effects of ankle supports on pero
neus longus function have not been elucidated. 34'35 In all of
these studies, the duration of the peroneus longus stretch reflex
was being quantified. The stretch reflex involves activation of
the group la afferent fibers of the muscle spindle, which results
in an efferent motor response and contraction of the same
muscle. 36 We observed no changes in latency in subjects who
were assigned to the lace-up and semirigid brace conditions
when compared with controls. We hypothesized that with
extended ankle brace use, peroneus longus latency would
increase during a sudden inversion movement. Our underlying
assumption was that neuromuscular remodeling of the pero
neus longus would occur as a result of the dependence on the
external support. Such neuromuscular changes were thought to
manifest in delayed activation of the peroneus longus with
inversion stress. Because our subjects were braced 8 h/d for 5
d/wk over an 8-week period, we speculate that changes in
peroneus longus latency probably do not exist, especially
during the shorter durations of use common in athletes.
Perhaps other changes in neuromuscular function (eg, ampli
tude of stretch reflex) exist; however, more research is needed
in this area.
The lack of difference in peroneus longus latency between
groups assigned to bracing may be attributed to the amount of
restriction offered by the braces. Without the dynamic stabili
zation provided by the muscles, the ankle support may be
insufficient to protect against external forces applied to the
ankle-foot complex. In other words, normal peroneus longus
activation may exist despite the mechanical support offered by
an external appliance. The main implication of this result is
that athletes with healthy ankles who wish to wear external
ankle supports prophylactically throughout the season do not
appear at risk for compromising the peroneus longus response
to sudden inversion. The subjects tested in this study did not
represent an athletic population, although they were physically
active. This can be viewed as a limitation of our study.
Nevertheless, we are confident that these results can be
generalized to healthy collegiate athletes (men and women).
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Although this outcome is promising to clinicians, more studies
are needed to validate this result. It is difficult to surmise if the
findings would be the same in a population with chronic ankle
instability. Because no studies have evaluated the long-term
effects of ankle bracing on peroneus longus latency in the
healthy ankle, it would be pure speculation to discuss our
results with respect to a pathologic condition. Furthermore, it is
difficult to place the present findings in perspective with other
literature.
Another objective of this study was to evaluate latency
after the application of an external ankle support. The range
of latency values observed across all conditions in our study
(41.0 to 56.0 milliseconds) was consistent with those for a
spinal reflex. 37 We found no difference among the 3 brace
conditions on peroneus longus reaction time. This suggests
that application of an external ankle support (lace-up or
semirigid brace) does not affect the duration of the reflex
circuitry of the muscle spindles within the peroneus longus
during sudden inversion. Our result is in agreement with
Nishikawa and Grabiner, 37 who found no change in pero
neus longus H-reflex latency after application of a semirigid
ankle brace. Although they electrically stimulated the per
oneus longus group la afferent nerve fibers percutaneously
and not through deformation of joint mechanoreceptors
(simulated ankle sprain), similar conclusions can be drawn
because the H-reflex latency represents an artificially
evoked response of the muscle after a given stimulus using
the same reflex circuitry. However, when evaluating the
effects of external support on peroneus longus reaction time
during sudden inversion, Karlsson and Andreasson35 found
increased peroneus longus reaction time. The increase in
reaction time with adhesive tape was observed in patients
who suffered from chronic ankle instability.
Whether neuromotor changes with ankle bracing are
influenced by ankle injury has been questioned. 37 In other
words, does long-term application of an external ankle
support facilitate the stretch reflex (ie, shorten the duration)
in patients who suffer from chronic ankle instability?
Similarly, does long-term ankle support enhance the ampli
tude of the stretch reflex? Our results cannot address
whether long-term ankle brace use affects the neuromuscular response of the peroneus longus in the chronically
unstable ankle. However, studies implementing methods
similar to ours, using subjects with chronically unstable
ankles, would provide greater insight into these questions.
The fact that we saw no changes in peroneus longus latency
can be viewed in a positive manner. Although external ankle
supports provided no heightened response, neither did they
induce an inhibitory effect. More studies are needed to
characterize these possible relationships.
CONCLUSIONS

This study was undertaken to evaluate a commonly asked
question: does long-term ankle bracing affect the neuromotor
response of the peroneus longus? Although limited to healthy
subjects, our study demonstrated that peroneus longus latency
in response to sudden inversion after the extended use of ankle
bracing remained unaffected. Furthermore, we also observed
that peroneus longus reaction time did not differ between ankle
braces, independent of the 8-week treatment. These findings
suggest that the extended use of external ankle supports did not
induce neuromuscular changes within the primary musculature
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that dynamically stabilizes against lateral ankle sprain. These
results are encouraging for clinicians who advocate the use of
prophylactic ankle support for extended periods of time,
perhaps over the course of a sport season. Although these
results are favorable, more studies are needed to understand the
neurophysiologic characteristics (ie, latency and amplitude) of
the peroneus longus stretch reflex in normal subjects and in
subjects who suffer from chronic ankle instability.
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Exercise After Cryotherapy Greatly
Enhances Intramuscular Rewarming
J. William Myrer, PhD; Gary J. Measom, APRN, PhD;
Gilbert W. Fellingham, PhD
Brigham Young University, Provo, UT
Objective: To determine the effect of moderate-intensity
walking on rewarming of the triceps surae muscle group after a
20-minute application of a crushed-ice pack.
Design and Setting: Subjects were randomly assigned to
either the ice-rest or the ice-exercise group. All subjects were
treated on the left calf for 20 minutes with a 1.8-kg ice pack.
The ice-exercise group walked on a treadmill at 5.63 km/h for
10 minutes and then assumed a prone position on an examin
ing table for 20 minutes. The ice-rest group assumed a prone
position on an examining table for 30 minutes after the cryotherapy treatment.
Subjects: Twenty-eight (19 men and 9 women) collegestudent volunteers.
Measurements: Intramuscular temperature was recorded at
10-second intervals for 50 minutes at 1 cm below the subcu

C

ryotherapy has become the standard therapy in the
immediate management and rehabilitation of acute
sport injuries. '~ 8 Most important in the immediate
management of musculoskeletal trauma is Cryotherapy's effect
on metabolism. Cold decreases cellular metabolism,2'3'5'7'9' 10
thereby reducing secondary hypoxic injury.2 This results in
quicker healing, rehabilitation, and return to play.2' 11 The most
effective use of cold during rehabilitation is via cryokinetics;
cryotherapy is used to decrease pain and muscle spasm, thus
allowing therapeutic exercise to begin earlier than would
otherwise be possible. '~5 ' 12~ 15 The analgesic effect of cold is
used to allow the recovering athlete to perform graded, active
exercise.
Little is known of intramuscular rewarming after the appli
cation of ice-pack cryotherapy. What we do know is the result
of research on nonexercising prone 12' 16 or supine7 subjects.
Intramuscular temperature continues to decline for several
minutes after the ice pack is removed and may not return to
pretreatment temperatures for several hours after treatment has
ceased.7' 12-16 Johnson et al 17 assumed "muscle temperature
would increase at a greater rate if muscle contraction occurred
during the posttreatment period, such as might occur during
treatment using exercise." In 1979, Johnson et al 17 went on to
say, "the effect of such treatment [exercise] on the increase of
intramuscular temperature needs to be determined to identify
the time period during which cold treatment would be most
Address correspondence to J. William Myrer, PhD, 120-A RB,
Brigham Young University, Provo, UT 84602. E-mail address:
Bill_Myrer@byu.edu
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taneous fat with a thermocouple implanted via a 21-gauge
sterile hypodermic needle. Differences were analyzed within
and between groups at pretreatment (T0), the end of the ice
treatment (T20), 11 minutes after the end of ice treatment (T31 ),
and 30 minutes posttreatment (T50).
Results: We found no differences at T0 and T20 but signifi
cant differences at T31 and T50. At T31 , the ice-exercise group
was only 0.61°C colder than at pretreatment levels, while the
ice-rest group was 8.05°C colder. By T50 , the temperatures
were 0.93°C and 6.95°C colder, respectively, than at pretreat
ment levels.
Conclusion: Moderate walking significantly enhanced rewarming of the triceps surae.
Key Words: cryokinetics, rehabilitation, treatment

effective." The widespread use of cryokinetics in sports med
icine and the practice of returning athletes to play after
cryotherapy has continued over the last 2 decades, but the
query by Johnson et al has remained unanswered. Because of
the importance of the question, we designed this experiment to
determine the effect of moderate exercise (walking) on intra
muscular rewarming after a standard 20-minute crushed-ice
pack treatment.
METHODS

Subjects
Twenty-eight (19 men and 9 women) college students (age
= 23.9 ± 1.9 years; height = 176.6 ± 10.0 cm; weight 74.2 ± 12.7 kg; calf skinfold = 16.6 ± 7.4 mm) volunteered
and signed a university institutional review board informed
consent to participate in this study (which was also approved
by the board). We verbally screened subjects for a history of
peripheral vascular disease or allergy to cephalexin hydrochloride. Subjects were randomly assigned to 1 of 2 experimental
groups, either the ice-rest group (9 men and 4 women) (age =
24.2 ± 1.8 years; height = 179.1 ± 9.0 cm; weight = 77.8 ±
14.0 kg; calf skinfold = 17.7 ±8.1 mm) or the ice-exercise
group (10 men and 5 women) (age = 23.5 ± 2.0 years; height
= 174.6 ± 10.7 cm; weight = 71.1 ± 11.0 kg; calf skinfold =
15.8 ± 6.8 mm). To minimize the risk of infection, each
subject took a 500-mg dose of cephalexin hydrochloride
immediately before the experiment and 3 similar doses at
6-hour intervals after the conclusion of the experiment.

Procedures

We measured the skinfold of the posterior left leg over each
subject's gastrocnemius using a Lange skinfold caliper (Cam
bridge Scientific Industries, Ltd, Cambridge, MD) with the
subject standing and bearing weight on the right leg. The
measurement was taken at the visually estimated level of
greatest girth and was divided by 2 to determine the depth of
subcutaneous fat. Subjects assumed a prone position on a
standard examining table. We cleansed a 4-cm X 4-cm area of
skin over the midportion of the muscle belly of the left calf,
first with a 10% povidone-iodine swab and then with a 70%
isopropyl alcohol preparation. Before the study and after each
use, the tissue-implantable thermocouples (diameter = 0.41
mm) (Columbus Instruments, Model TX-23-21, Columbus,
OH), were washed with soap and water and then disinfected in
Cidex-Plus (Johnson & Johnson, New Brunswick, NJ) for at
least 20 minutes. We then washed the Cidex-Plus from the
thermocouple with sterile water. An advanced practice regis
tered nurse (G.J.M.) inserted the thermocouple into the left calf
using sterile technique. The thermocouple was inserted perpen
dicular to the skin surface to a depth of 1 cm below the
subcutaneous fat via a 21-gauge sterile hypodermic needle
(Figure I). 7 Insertion depth was controlled by marking a spot
on the lead of the implantable thermocouples 1 cm above the
sum of the subjects' subcutaneous fat plus 1 cm (the depth into
the muscle). The thermocouple was inserted a few millimeters
deeper than needed, the hypodermic needle was then removed,
and the thermocouple was withdrawn until the mark on the lead
was 1 cm above the skin surface. Transpore (3M Health Care,
St. Paul, MN) clear tape (2.54 cm X 3.75 cm) was used over
the thermocouple insertion site to secure it. The thermocouple
was then connected to an electronic thermometer (Iso-Thermex
16-channel, Columbus Instruments) and, after 3 minutes, the
baseline pretreatment intramuscular temperature was recorded.
Each member of both experimental groups had a 1.8-kg
crushed-ice pack (approximately 25 cm X 30 cm X 5 cm)
placed directly over the thermocouple's insertion into the
triceps surae muscle group for 20 minutes. At the end of
the treatment, the ice-rest group continued to lie prone on the
examining table for 30 minutes. After the cryotherapy treat

Figure 1. Insertion of the tissue-implantable thermocouple 1 cm
deep into the muscle of the medial calf below the subject's
subcutaneous fat.

ment, the ice-exercise group walked on a treadmill for 10
minutes at a pace of 5.63 km/h and then assumed a prone
position on the examining table for 20 minutes. The thermo
couple remained in the subject's calf while he or she walked
pain free on the treadmill (Figure 2). For both groups, we
recorded intramuscular temperature to the nearest 0.01 °C every
10 seconds over the entire 20-minute ice treatment and for 30
minutes posttreatment. Then we removed the thermocouple,
dried the limb, and swabbed the area with 70% isopropyl
alcohol. Throughout the experiment, room temperature was
monitored using a thermocouple (Model TX-31, Columbus
Instruments) interfaced with the Iso-Thermex.
Data Analysis

Our independent variables were experimental group and
time. Our dependent variable was temperature. Although
temperature measurements were available every 10 seconds,
the measurements of primary interest were taken at pretreat
ment levels (T0), end of ice treatment (T20), 11 minutes after
the end of ice treatment (T31 ), and 30 minutes posttreatment
(T50). Because of the variability in temperature recordings
during exercise and the time required for the subjects to move
from the treadmill back to the examining table, we chose to
analyze the data at 11 minutes posttreatment (T31 ). As a
preliminary test to identify the existence of overall temperature
differences between groups, we performed a multiple analysis
of variance on the 4 time points of primary interest gathered for
each subject. We calculated temperature change from pretreat
ment to the end of the ice treatment (T20-T0), from pretreat
ment to 1 1 minutes after the end of ice treatment (T31 -T0), and
from pretreatment to 30 minutes posttreatment (T50-T0). We
also calculated temperature change from the end of ice treat
ment to 1 1 minutes after the end of ice treatment (T31 -T20) and
from the end of ice treatment to 30 minutes posttreatment
(T50-T20). Differences between groups were analyzed with t

Figure 2. Subject walking on the treadmill for 10 minutes at a pace
of 5.63 km/h with the thermocouple in the leg.
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Table 1. Intramuscular Temperature Change (°C ± SD) for Analyzed Time Points Between the Ice-Rest and Ice-Exercise Groups from
Pretreatment (T0) to End of Posttreatment (T50)

Time Points

Ice-Rest
Temperature Change
(°C ± SD)
35.86
-6.19
-8.05
-6.95
-1.86
-0.76

TO
'20~' 0

T31 -T0

TSO-TO
T31 -T20
T5o-T20

Ice-Exercise
Temperature Change
(°C ± SD)

± 0.74
±2.88
± 2.47
± 1.53
± 1.00
± 1.90

35.53
-7.36
-0.61
-0.93
6.75
6.44

±
±
±
±
±
±

0.65
4.45
1.46
1.07
4.87
4.83

t value

*P value

-1.27
-0.81
9.85
12.22
6.69
5.32

>.05
>.05
<.05
< .05
< .05
< .05

*Bonferroni corrected for multiple tests.

tests for T0, T20-T0, T31-T0, T50-T0, T31-T20, and T50-T20.
Differences within groups were analyzed using paired t tests
for T20-T0, T31-T0, and T50-T0. An a level of P < .05 was
used for all statistical analyses. To account for the multiple t
tests, a Bonferroni correction factor was used.
Two subjects were dropped from our statistical analysis
because of malfunctions of the thermocouples. We analyzed 15
subjects from the ice-exercise group and 13 from the ice-rest
group.
RESULTS

The multiple analysis of variance revealed significant dif
ferences in temperature between experimental groups (F4 23 =
36.44, P < .0001). Figure 3 shows mean intramuscular
temperatures throughout the treatment and posttreatment for
both experimental groups. Table 1 presents the intramuscular
temperature change between experimental groups across the
analyzed time points. Only at pretreatment (T0) and immedi
ately after treatment (T20) were the 2 groups not significantly
different. By T31 , the ice-exercise group had rewarmed to be
only 0.61°C colder than the pretreatment temperature, while
the ice-rest group was 8.05°C colder than the pretreatment
temperature (P < .05). By T50, the temperatures were 0.93°C
and 6.95°C colder, respectively, than at T0 (P < .05). Table 2
presents the intramuscular temperature change within experi
mental groups across the analyzed time points. After moderate
exercise (T31 ), we found no significant difference in the
ice-exercise group compared with its pretreatment temperature.

26

20

25
30
MINUTES

Figure 3. Mean temperatures for the ice-exercise and ice-rest
groups during treatment and posttreatment. The rise in intramuscular temperature during exercise was significant.
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The temperature of the laboratory during the time we collected
data was 24.93° ± 0.69°C.
DISCUSSION

The scientific literature is in agreement that cryotherapy has
a depressive effect on many physiologic functions2'4" 6' 16' 18' 19
and that intramuscular temperature continues to decline even
after the treatment ends. 1 '4'7' 12' 16' 17'20 What has remained
unclear is the effect of exercise on intramuscular rewarming
after cryotherapy treatment. Our study was the first designed
specifically to examine the effect of exercise on intramuscular
rewarming after a standard crushed-ice-pack treatment.
Rewarming has been defined in 2 ways: 1) return of the body
part to the temperature before cold application, and 2) return to
the temperature of the contralateral body part.2 We operation
ally defined rewarming according to the first criteria. Knight2
contended that the factors determining the rate at which a body
part rewarms after a cryotherapy treatment are "heat conduc
tion from the atmosphere, surrounding tissue, deep tissue, and
circulating blood."
The amount of activity a body part is engaged in has a direct
bearing on the temperature of the body part. If a body part is
inactive for an extended period of time, metabolism and heat
production decrease and intramuscular temperature decreases
gradually. 17'21 However, if the body part is exercised, intra
muscular temperature increases. Most rewarming studies have
measured skin temperature change. 11 '22"24 This research has
shown that rewarming occurs faster in the fingers than in the
ankle, forearm, and knee joint. Increased blood flow to the
fingers has been attributed to bringing an increased amount of
heat to the area. 11 '22"24 Even mild activity, such as changing
clothes or walking on crutches, increases the rate of rewarm
ing. 11 One investigator25 examined the effect of hot packs and
exercise on local blood flow. Although the exercise lasted for
only 1 minute, it resulted in a peak blood flow of 9 times the
resting flow. This was more than 4 times the peak flow brought
about by the hot packs. Others21 have investigated the effect on
blood flow in the ankle during therapeutic applications of heat,
cold, and exercise. They monitored blood flow while subjects
walked on a treadmill at 5.63 km/h (the same rate we used) for
15 minutes, in intervals of 3 minutes of walking and 3 minutes
of lying down. Although the blood flow during exercise was
conservatively estimated, they concluded that blood flow
during moderate exercise was significantly greater than
both control and heat-pack conditions.21 Further research has
established that for muscles to receive increased blood flow
during exercise, they must be "active."26 A very interesting
series of experiments26 was designed to examine blood flow

Table 2. Intramuscular Temperature Change (°C ± SD) for Analyzed Time Points Within the Ice-Rest and Ice-Exercise Groups from
Pretreatment (T0) to End of Posttreatment (T50)
Temperature
Group
Ice-exercise
Ice-rest

\ on

35.53 ± 0.65
35.86 ± 0.74

Pt

In

-7.36 ± 4.45
-6.19 ±2.88

-6.41
-7.75

< .05
< .05

1-31

In

-0.61 ± 1.46
-8.05 ± 2.47

Pt

-1.62
-11.74

> .05
< .05

< Rn

In

-0.93 ± 1 .07
-6.95 ± 1 .53

-3.35
-16.42

> .05
< .05

*Pretreatment temperature.
tBonferroni corrected for multiple tests.

and temperature change in the forearm during sustained
hand-grip contractions. The first experiment demonstrated
increased blood flow during contractions at all tensions
from 30% to 70% of maximum voluntary contraction. A
follow-up experiment used indwelling electromyography
and thermocouples to determine which muscles were the
recipients of the extra blood flow. The researchers first
cooled the forearms in water baths of 18° or 26°C and then
monitored the muscles of the forearm during and after
contractions. They then observed that, "Large rises in
temperature were observed in the active muscles, while little
or no change was observed in inactive muscle." The results
of a recent study27 looking at temperature changes in deep
muscles during upper and lower extremity exercise con
curred with this conclusion. These authors suggested that,
"one must actively exercise the muscle in order "?7
to cause a
significant temperature increase in that muscle."
Our results involving intramuscular temperature change
after ice-pack therapy agree with previous ice-pack research,
which indicated that after the removal of the ice pack,
intramuscular temperature continues to decline. 7' 12' 16 Our icerest group continued to get colder for approximately 10
minutes after the removal of the ice before the intramuscular
temperature slowly began to rewarm. By 11 minutes posttreatment (T31 ), our ice-rest group, without the intervention of
exercise, was an additional 1.86° ± 1.00°C colder than at the
time the ice pack was removed. They remained significantly
below pretreatment level throughout the entire 30-minute
posttreatment.
The intramuscular temperature changes of our ice-exercise
group indicated a powerful effect of moderate exercise on the
rewarming of active muscle following cryotherapy (Figure 3
and Table 1). This concurs with previous skin temperature
research. 11 '22'23 The effect of exercise on rewarming was
immediate, and over the 11-minute time period from the end of
the ice-pack treatment to the time we analyzed temperature
change (T31 ) (including 10 minutes during which the subjects
were exercising on the treadmill), the ice-exercise group
rewarmed 6.75° ± 4.87°C, to be only 0.6 1°C below their
pretreatment level. We did note a slight decrease (0.32°C) in
the intramuscular temperature during the time frame T31 -T50 in
our ice-exercise group. This was probably due to the inactivity
of lying motionless on the examining table. 17'21
CONCLUSION

Moderate walking significantly enhanced the rewarming of
the triceps surae after a standard ice-pack treatment. The
clinical significance of our study is that exercise of the treated
musculature significantly decreases the duration of the intra
muscular temperature reduction brought about by cryotherapy.
This would presumably also reduce the duration of the physi

ologic responses produced by the cold application. Practically,
this would imply that if the prolonged physiologic responses
caused by the application of cold are desirable in the treated
structure, then that body part should not be exercised immedi
ately after the removal of the cold treatment, ie, the immediate
management of a contusion. However, if one wishes to use
cryokinetics during rehabilitation, then our results add support
to the contention that exercise is the critical component to
cryokinetics.2' 13" 15'21 '22 The cold reduces the athlete's pain, so
early mobilization through exercise can be achieved much
sooner than would normally be possible. 2' 1 ' Exercise increases
intramuscular temperature, primarily due to increased blood
flow, which enhances the removal of cellular debris from the
injury site and increases the delivery of nutrients necessary for
the healing process.2' 11
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Effect of Coupling Medium Temperature on
Rate of Intramuscular Temperature Rise
Using Continuous Ultrasound
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Objective: We determined the effects of coupling medium
temperature on the rate of intramuscular temperature rise (RTR)
during continuous ultrasound.
Design and Setting: Ultrasound was applied in a continuous
mode at a frequency of 1 MHz and intensity of 1.5 W/cm2 . Each
subject received 3 treatments, using water-based coupling gel
at temperatures of 18°C, 25°C, and 39°C. All treatments were
performed in an athletic training room under controlled envi
ronmental conditions.
Subjects: Eighteen healthy male subjects (mean age =
23.6 ± 3.5 years; height = 177.8 ± 6.9 cm; weight = 76.6 ± 8.2
kg; calf size = 37.6 ± 2.4 cm) participated in this study.
Measurements: A thermistor was inserted into the left
medial triceps surae at a depth of 5 cm, and baseline tissue

T

herapeutic ultrasound is a commonly used modality in
the treatment of physical injuries. Many factors have
been found to play a part in the effective transmission of
ultrasound to the target tissues. Treatment-area size, treat
ment duration, 1 frequency and intensity parameters,2 soundhead pressure,3 and angle of application4 have all been found to
influence treatment efficacy.
A major factor influencing the transmission of sound waves
during ultrasound is the coupling medium applied.5'6 Because
ultrasound cannot be transmitted through air, a dense coupling
medium is needed between the transducer and the skin. 7'8
Previous studies6'9 " 12 have investigated the effectiveness of
coupling mediums by measuring temperature increases intra
muscularly 13 and the transmission of ultrasonic waves. Their
results indicate that a water-based gel provides the highest
percentage of acoustic energy transmission compared with
other mediums tested. 5' 13" 15
In addition to the coupling medium used, clinicians have
sought to enhance the transmission of ultrasound by combining
it with other therapeutic agents. 16 "20 These agents have been
thermal in nature and are often administered before treatment
to produce superficial tissue temperature and density changes
in order to enhance effectiveness. Lehmann et al 18 evaluated
Address correspondence to Sandra J. Shultz, PhD, ATC, 203 Memorial
Gymnasium, University of Virginia, Charlottesville, VA 22903. E-mail
address: sjs3n@virginia.edu

temperatures were recorded before treatment. Intramuscular
temperature was recorded every 30 seconds until the temper
ature rose 4°C above baseline or until discomfort was felt. RTR
was calculated by dividing the absolute temperature change by
treatment time.
Results: A 1-way, repeated-measures analysis of variance
revealed a significant difference in RTR among gel tempera
tures. RTR was significantly faster using the 25°C gel compared
with the 18°C and 39°C gels. There was no difference between
the 18°C and 39°C gel treatments.
Conclusions: These results suggest that the use of a cooled
or heated gel may be counterproductive when maximal thermal
effects are desired within a given time frame.
Key Words: modalities, thermal, water-based gel

the effects of an 8-minute hot-pack application before ultra
sound and found that the hot pack produced no adverse effects
to the ultrasonic treatment. Whether any positive benefits
resulted from the addition of the hot pack was not explored.
However, Draper et al 16 reported an additive effect to overall
temperature increase when a hot pack was applied for 15
minutes before an ultrasound treatment.
The effects of cold application before continuous ultrasound
have also been explored. 17' 19 Rimington et al 19 found that an
ice bag applied for 15 minutes before ultrasound decreased
tissue temperature to the point that even baseline levels were
not reached during the treatment. Similarly, Draper et al 17
demonstrated that a 5-minute ice-bag application resulted in
only a 1 °C increase in tissue temperature rise after ultrasound
application. Baker and Bell20 evaluated the effect of cold on
blood flow rather than rate of temperature rise and found
ultrasound, alone and when preceded by an ice massage, was
effective in increasing blood flow. Interestingly, they found no
significant increase in blood flow with the application of moist
hot packs before ultrasound treatment.
Considering the effect of superficial thermal agents on
intramuscular temperature rise, little research to date has
evaluated the effects of varying the coupling medium temper
ature. Lehmann et al21 sought to determine which coupling
medium and temperature resulted in the greatest peak tissue
temperature with ultrasound administered at 1 MHz and 1
W/cm2. Using mineral oil and degassed water as the coupling
Journal of Athletic Training
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mediums at both 21°C and 24°C, they reported that the 21°C
mineral oil produced the highest peak temperatures in the deep
tissues near the bone and the 24°C oil produced the highest
peak temperatures in the superficial tissues. However, from the
graphic data presented in the article, peak temperatures in the
deep tissue appeared quite similar for both the 21°C and 24°C
oil samples. 21 Therefore, it seems that coupling medium
temperature may have had little effect on peak deep tissue
temperatures. Although this was not reported by Lehmann et
al, 21 it does appear from their data that the time rate to achieve
peak temperature differed, with the 24°C oil being faster than
the 21°C oil in the deep tissues.
Collectively, these researchers have attempted to evaluate
the influence of superficial temperature changes on the thermal
effects of ultrasound. While some studies indicate superficial
heating enhances, or has no adverse effect on, intramuscular
temperature during sonation, 16' 18'20 others have shown no
change or a decrease in intramuscular temperature rise with the
application of heat and cold. 1 ' 19'20 However, these studies
differed considerably in their methods (eg, duration of heat or
cold application, type of coupling medium used), which makes
comparison across studies difficult. Furthermore, with the
exception of Lehmann et al,21 thermal agents were always
applied before, rather than during, the ultrasound treatment.
We were unable to find any research that specifically addressed
whether varying the temperature of a water-based coupling
medium would influence the rate of intramuscular temperature
rise (RTR) during sonation. Therefore, our purpose was to
compare the effect of cold, room temperature, and heated
coupling mediums on the RTR in the human gastrocnemius
muscle during continuous ultrasound.
METHODS

Subjects
Eighteen college-aged men (age = 23.6 ± 3.5 years;
height = 177.8 ± 6.9 cm; weight = 76.6 ± 8.2 kg: calf
circumference = 37.6 ± 2.4 cm) volunteered to participate in
this study. All subjects were asymptomatic at the onset of the
study and free of injury, infection, and swelling in the left leg
for the past 6 months. All subjects read and signed an informed
consent that explained all potential risks before participating in
the study. The study received approval from the University's
Human Investigation Review Board.
Instruments
We used the Omnisound 3000 (Accelerated Care, Inc,
Topeka, KS) ultrasound unit, equipped with a lead zirconate
titanate crystal and 1-MHz frequency sound head. The trans
ducer size was 5 cm2, with an effective radiating area of 4.1
cm2 and a beam nonuniformity ratio of 4:1. The unit was
calibrated 1 month before the study and was dedicated to the
research project through the duration of the study. For the
coupling medium, we used Aquasonic 100 (Parker Laborato
ries, Inc, Newark, NJ) transmission gel at standardized tem
peratures of 18°, 25°, and 39°C. We heated the 39°C gel using
the model TM-1 Gel Warmer (Chattanooga Group, Inc, Hixson, TN).
To record intramuscular temperatures, we used a 23-gauge
thermistor needle (Phystek MT-23/5, Physitemp Instruments,
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Clifton, NJ) attached to a monitor (Bailey Instrument BAT-10,
Physitemp Instruments) to provide continuous digital temper
ature readings in degrees Celsius (°C). According to the
manufacturer, temperature accuracy is within ±0.1 °C.
Procedure
The subjects remained prone for all ultrasound treatments.
All treatments were performed in the University's athletic
treatment facility, with the room temperature controlled at
22.77°C. We performed all treatments during the same session,
and gel samples were counterbalanced to control for order
effect.
We controlled and monitored each gel sample temperature
individually using a mercury thermometer before and during
the treatment sessions. The 18°C gel sample was placed in the
refrigerator before treatment, and the temperature was main
tained during the treatment session using an ice bath. The 25°C
gel sample was maintained at room temperature, and we
maintained the 39°C gel temperature with the commercial gel
warmer. Although we did not monitor the temperature of the
gel once it was applied to the skin's surface, we maintained the
respective gel temperatures throughout the ultrasound treat
ment by adding a new gel sample approximately every 2
minutes. The primary investigator (C.A.O.) administered all
ultrasound treatments perpendicular to the thermistor in a
continuous mode at intensity of 1.5 W/cm2 . In order to limit
and standardize the treatment area, we cut a template to
precisely 2 times the size of the effective radiating area of the
ultrasound applicator (8.2 cm2). 14 We moved the ultrasound
head within the template at a rate of approximately 4 cnrs" 1 .
We applied all ultrasound treatments to a 10-cm diameter
area on the left medial triceps surae muscle. We positioned the
subject prone and measured the circumference of the lower leg
to determine the cross-sectional area with the greatest muscle
girth. We shaved and cleansed the area thoroughly with a 10%
povidine-iodine scrub, followed by a 70% isopropyl alcohol
swab. We used a caliper to determine the site of thermistor
insertion (5 cm deep), and a physician injected 1 mL of 1%
lidocaine subcutaneously to anesthetize the area before the
thermistor was inserted. Once the area was anesthetized, the
physician inserted the thermistor into the left medial triceps
surae muscle belly at a tissue depth of 5.0 cm, using a level to
keep the thermistor parallel to the frontal plane. We then
connected the thermistor to the monitor, and tissue temperature
was allowed to stabilize for 5 minutes. After this procedure, we
recorded the baseline temperature for each subject.
Once the baseline temperature was established, we initiated
the ultrasound treatment and recorded intramuscular tempera
tures at time 0 and every 30 seconds thereafter until intramus
cular tissue temperature increased 4°C above baseline22 or the
subject began to feel discomfort. At the end of each treatment,
the tissue temperature was allowed to return to baseline levels
and stabilize for 5 minutes before we initiated the next
treatment condition. On completion of the testing, we removed
the thermistor, cleansed the area with the povidine-iodine
solution, and applied an antibiotic ointment and bandage over
the injection site. Before releasing the subject, we placed an ice
pack over the area for 10 minutes to help reduce hematoma
formation. After each test session, we sterilized the thermistor
using ethylene oxide gas in the Central Sterile Supply area at
the University's Medical Center.

Statistical Analysis
RTR was calculated by dividing the absolute temperature
change by the total treatment time for each subject. We
analyzed the data using a 1-way, repeated-measures analysis of
variance with 1 within variable (rate of temperature rise)
measured at 3 temperature levels (18°, 25°, and 39°C). We
used the Tukey HSD method to determine which specific gel
temperatures differed significantly. The a level for all analyses
was set a priori at P < .05.
RESULTS

The mean baseline tissue temperature across all subjects was
35.47°C ± 0.74°C. Of the total 54 ultrasound treatments
performed (3 treatments per subject), 44.6% of the treatments
(44.6% cold, 55.8% room, and 33.5% hot) achieved the 4°C
target increase in temperature, with the remaining treatments
being terminated due to subject discomfort. The mean temper
ature increases obtained in treatments terminated by discomfort
were 3.13° ± 0.71°C (cold), 3.33° ± 0.64°C (room), and 3.10°
± 0.75°C (hot).
Means and standard deviations for final temperature, total
temperature change, time to reach final temperature, and RTR
for each gel condition are listed in the Table. The Figure plots
the change in RTR across time for each treatment condition.
We found a significant difference in RTR among the 3 gel
samples (F2,34 = 6.487, P = .004). Observed power was 0.879.
The Tukey post hoc analysis revealed that the RTR was
significantly faster using the 25°C gel, compared with both the
18°C and 39°C gel treatments. There was no significant
difference between the 18°C and 39°C gel treatments.
DISCUSSION
Our primary finding was that the room-temperature coupling
medium was more efficient than either the cooled or heated gel
in achieving maximal thermal effects at a 5-cm depth intra
muscularly. Many clinicians attempt to enhance the efficacy of
continuous ultrasound by applying superficial thermal agents,
such as moist heat and ice packs, to the skin before sonation. 16 " 19 The superficial temperature change brought about
by these agents is thought to influence ultrasonic wave prop
agation to deeper tissues by altering blood flow20'22 and tissue
density8' 16' 17- 19-21 in the superficial tissue layers. While some
have tested the theory that the application of cold before
ultrasound increases tissue density and, thus, improves wave
propagation, 17' 19 others used moist heat in an attempt to
produce an additive heating effect. 16 Based on these therapeu
tic rationales, we sought to investigate whether varying the
superficial temperature of the water-based coupling medium
could similarly enhance the thermal effects of ultrasound.
Mean ± Standard Deviations for Final Intramuscular Tissue
Temperature (FT), Total Temperature Change (TTC), Time to
Reach Final Temperature (TFT), and Calculated Rate of
Temperature Rise (RTR) for Each Gel Temperature
Gel
Temperature

FT (°C)

Cold(18°C) 38.92 ± .78
Room (25°C) 39.08 ± .94
Warm (39°C) 38.82 ± .95

TTC (°C)

TFT (min)

RTR (°C/min)

3.59 ± .57
3.66 ± .51
3.50 ± .56

12.96 ±2.15
10.63 ± 1.60
11.12 ± 1.93

.31 ± .10
.39 ± .11
.33 ± .09

CNJ

oo

LO

CD

Time (min)
Rate of temperature rise for each gel temperature over time.

Gel Temperature and Density
As previously stated, in order for wave propagation to occur,
the ultrasound head must be in contact with a dense coupling
medium. Various mediums have been tested, with a waterbased gel producing the highest percentage of acoustic energy
transmission. It would, therefore, be plausible that if the
density of a water-based gel was altered, ultrasound transmis
sion and, thereby, RTR could be affected. While previous
authors have tested the theoretical model of increasing tissue
density through cold application, 17' 19 we are unaware of any
studies that have directly evaluated the effects of thermal
changes on the water-based gel density and ultrasound trans
mission. Theoretically, one might expect cooling to increase
and heating to decrease the density of the coupling medium,
thus affecting ultrasound transmission and RTR. While our
findings, in part, indirectly support this theory with a smaller
RTR for the heated gel compared with room-temperature gel,
we found a smaller RTR rather than a greater RTR with the
cooled gel. Lehmann et al21 represent the only other research
ers to evaluate the effects of a cooled coupling medium when
applied during an ultrasound treatment. They concluded that a
mineral oil coupling medium at temperatures of 2 1 °C or less
was more effective for deeper tissue heating than 24°C.
However, on careful review of their data, while the 24°C oil
resulted in slightly lower peak temperatures compared with the
21°C oil, it appears to have produced a faster RTR in deeper
tissues. They did not evaluated heating effectiveness using a
heated mineral oil.
Based on these findings, we believe that the density of the
gel as a result of temperature change had negligible effects on
tissue temperature or at least cannot alone explain our findings.
It is likely that other factors, such as the cooling or heating
effect of the gels on superficial tissue temperatures, also
influence RTR.
Gel Temperature and Additive Thermal Effects
With regard to superficial heating, our results contrast with
those of Draper et al, 16 who demonstrated an additive thermal
effect when a hot pack was applied to the calf for 15 minutes
before ultrasound. In fact, Draper et al 16 found such a profound
heating effect that less energy was required by the subsequent
ultrasound treatment to produce maximal heating effects. We
believe the contrast in these findings can be explained by the
difference in heating intensity, method of application, and the
depth at which the temperatures were recorded. While we
Journal of Athletic Training
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recorded tissue temperature at a depth of 5 cm, Draper et al 16
measured tissue temperature more superficially at 1- and 3-cm
depths, which may be more sensitive to the effects of superfi
cial heating. Moreover, with a 15-minute hot-pack application,
a larger area was heated and the terry cloth cover limited the
subject's skin exposure to ambient air temperatures, resulting
in less heat attenuation and greater penetration. In our study,
the temperature of the heated gel was appreciably lower that of
a standard moist pack, covered a smaller surface area, and was
applied for a shorter period of time. However, while these
methodologic differences may explain why we were unable to
show an additive effect, they do not explain why the heated gel
was less effective than the room-temperature gel.
Other than the potential thermal effects on gel density previ
ously discussed, the decreased effectiveness of the heated gel may
also be explained by the body's physiologic reactions to thermal
agents. When heat is applied to the skin, feedback from thermoreceptors initiates a sympathetic reflex circulatory response to
increased blood flow to the area in an effort to regulate and
maintain peripheral temperatures.23'24 Hence, it is likely that the
application of the 39°C coupling medium to the skin initiated this
vasodilatory response, effectively dissipating heat in the surround
ing tissues and potentially explaining the slower RTR in the
deeper tissues. Therefore, it appears from these contrasting studies
that the magnitude of superficial heating may dictate whether
maximal thermal effects are enhanced or diminished. While
profound heating may overwhelm the thermoregulatory response
and result in an additive thermal effect, moderate heating may
actually be counterproductive.
With regard to superficial cooling, we found the 18°C gel
was also counterproductive to achieving maximal thermal
effects. While absolute temperature increases were similar to
those for the 25°C and 39°C gel treatments, the RTR was
significantly reduced compared with room temperature. There
fore, it appears that using an 18°C gel does not produce any
additive physiologic effect sufficient to overcome the gel's
cooling effect, thereby enhancing the transmission of ultra
sonic energy to deeper tissue layers. These findings are
consistent with Draper et al 17 and Rimington et al, 19 who found
the superficial application of an ice bag (5 and 15 minutes,
respectively) before ultrasound reduced heating effectiveness
in comparison with ultrasound alone. While our cooling may
have been less intense than the ice-pack applications used in
these studies, even moderate cooling is sufficient to limit the
RTR in deeper tissue.
Clinical Implications
The clinical implication of these findings is that there are no
apparent additive benefits when using a cooled or heated gel
during a standard ultrasound treatment. The room-temperature
(25°C) gel produced the fastest RTR, thus providing the most
effective and time-efficient treatment to achieve maximal
thermal effects. However, these findings were limited to
temperature changes in muscle tissue at a 5-cm depth. As
previous research has indicated, temperature increase and
tolerance may vary considerably depending on the type, depth,
and thickness of the target tissue, as well as its distance from
the bone. 25"27
Our findings also reinforce the need for clinicians to
carefully consider the total treatment time required to achieve
maximal thermal effects. As busy clinicians, treatment time is
always a concern when treating injuries. However, in order for
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maximal thermal benefits to be achieved during continuous
ultrasound, treatment duration must be sufficient to allow
vigorous heating of the tissues.22 Based on our RTR data
(Table), we determined that the time required to reach vigorous
heating (~4°C or maximal temperature tolerated) at a 5-cm
depth was 13.0, 10.6, and 11.1 minutes for the 18°C, 25°C, and
39°C gel treatments, respectively. These time durations are
considerably longer than the traditional 5-minute ultrasound
treatment that is commonly administered to patients. There
fore, clinicians should consider a minimum treatment duration
of 10 minutes if maximal thermal effects are warranted.
Furthermore, when other thermal agents are used in conjunc
tion with ultrasound, total treatment time may need to be
adjusted further. Although the heated gel was found to be less
effective in increasing tissue temperature compared with roomtemperature gel, it still can be used effectively to provide
patient comfort if a longer treatment time is incorporated.
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Interval Cryotherapy Decreases Fatigue
During Repeated Weight Lifting
Frank M. Verducci, EdD
San Francisco State University, San Francisco, CA
Objective: To investigate the effect of icing the arm and
shoulder between weight-pulling sets on work, velocity, and
power.
Design and Setting: I used a 1 x 2 factorial, random,
counterbalanced design in which each participant pulled 75%
of his 1 -repetition maximum on 2 separate days. The individu
als pulled the weight 22 times for each set as fast as possible,
then either iced (cryotherapy) or placed towels over their arms
and shoulders for 3 minutes, and then rested 4.5 minutes at
room temperature. The sets continued until the participants
could not complete 22 pulls without stopping.
Subjects: Ten male members of a private athletic club, who
weight lift on a regular basis, volunteered to participate in the
study.
Measurements: Work was determined by the number of
arm-pull sets completed before fatigue, velocity was measured

A

thletes consistently work to delay the onset of fatigue
and improve motor performance. Skill development,
weight training, cardiorespiratory exercises, and
stretching are just a few of the many activities used to enhance
achievement. Of these, almost all athletes use weight training.
One possible way to increase the weight lifted is to apply
cryotherapy (ice or cold therapy) to the skin surface be
fore exercise. 1 "20 Typically, cryotherapy is used in rehabilita
tion, but consideration can also be given to other possible uses,
particularly in athletics.
Short-duration, local applications of cryotherapy lower mus
cle temperature and delay the onset of work fatigue. 1 " 10
Several researchers 1 "5 indicated that the longest duration of
work occurred when the average muscle temperature was near
27°C. Both higher and lower muscle temperatures resulted in a
decrease in the duration of the contractions. Higher tempera
tures resulted in a significantly faster onset of work fatigue,3'6'7
while mildly cold applications resulted in significantly longer
work periods. 8 '9 Extremely cold applications produced
less work. 1 ' 3 '4'7 One group of investigators 10 obtained better
performance using an increased temperature.
Later researchers
began to study the effects of cooling and
warming on velocity and power. Applying cryotherapy re
duced velocity and power. 11 " 15 Some investigators 11 ' 14' 16" 18 re
ported enhanced performance as a result of warming muscles.
Others 13' 19<2° demonstrated that increasing temperature had little
or no effect upon subsequent power and that cooling reduced
Address correspondence to Frank M. Verducci, EdD, Department of
Kinesiology, San Francisco State University, 1600 Holloway Avenue,
San Francisco, CA 94132. E-mail address: verducci@sfsu.edu
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by the time to complete each set, and power was determined
by dividing work by velocity. Velocity and power were analyzed
in 3 ways: first to fourth sets (88 pulls), matched sets (167.2
pulls), and all sets (191.4 cryotherapy and 167.2 towel pulls),
using analysis of covariance with the base set as the covariate.
Results: Cryotherapy between sets resulted in a significantly
greater number of total joules and arm pulls when compared
with the towel treatment. Velocity was significantly faster for the
first to fourth sets, matched sets, and all sets when subjects
received intermittent cryotherapy. Power also was significantly
higher for the first to fourth sets and matched sets. The all-sets
comparison consisted of 14.5% more cryotherapy arm pulls.
Conclusions: Interval cryotherapy between weight-pulling
sets is associated with increased work, velocity, and power.
Key Words: cold, ice, strength, work, velocity, power

performance. Most of the investigators who studied the relation
ship between velocity and warm applications used only 1 temper
ature above normal. In general, previous authors have not used
interval cryotherapy between sets of exercises.
In 1 study,21 3-minute interval cryotherapy used by baseball
pitchers between innings resulted in a significantly higher
number of innings pitched and increased velocity with no
difference in accuracy. The main purpose of the current study
was to replicate the baseball study to determine if similar
results would be obtained by increasing the weight from a
baseball (142-149 mg) to 75% of the 1 -repetition maximum
(1RM) arm pull. The number of pulls for each set, cryotherapy
time, and rest periods were similar to those used in the interval
cryotherapy baseball study.
This procedure may be an innovative approach to delaying
the onset of work fatigue while increasing velocity and power.
A second area of interest was limiting cryotherapy to 3-minute
time periods. Most investigations used a minimum of 20
minutes of cryotherapy immediately before motor perfor
mances.
METHODS

I used a 1 X 2 factorial, random, counterbalanced design.
Participants received interval cryotherapy on 1 day and towels
covering the arm and shoulder on the other day. The dependent
variables were total work, velocity, and power.
Subjects
Ten male volunteers (age = 29.0 ± 2.8 years; height =
174.8 ± 7.1 cm; weight = 72.0 ± 2.0 kg; weight-training

experience = 5.5 ± 1.1 years; number of different sport
experiences = 3.0 ± 0.3) who were athletic club members
participated in the study. They indicated that they did not have
any health, physical, arm, or shoulder problems that could
influence the results of their performance before each treatment
day.
Treatments
Interval cryotherapy treatment consisted of applying 5 plas
tic bags (28 X 46 cm) one-third filled with ice cubes (1.9 X
2.5 X 1 cm each) for 3 minutes: 3 on the shoulder and arm and
2 covering the arm and elbow. New ice bags were used after
each 3 sets. The towel treatment consisted of covering the
shoulder and elbow with 1 towel each for 3 minutes. This may
be considered a mild warming of the arm and shoulder similar
to baseball pitchers' wearing jackets between innings to keep
the arm and shoulder warm. The participants did not lift
weights for 1 week before testing, and the treatments were
administered 7 days apart.
Work Load
A weight-training device (Figure 1) was used to fatigue the
arm and shoulder muscles with a pulling motion. To fatigue the
muscles, 74% ± 1.4% of a participant's 1RM was used for
resistance. The pull started from a standing position, facing
away from the weights, with the subject's upper body rotated
to the dominant side, arm fully extended behind the shoulder,
and holding the weight-lifting grip in his hand, palm up, with
arm parallel to the ground. He positioned himself so that the
weights were just off their support. For the right-handed
subject, the right foot was at a 45° angle to the pull, while the
left foot was parallel to the pull, with the knees slightly bent.
On the command "start," the subject pulled the hand grip
straight forward by flexing the elbow and shoulder, rotating the
shoulder and hips, and finishing the pull with the hand grip in
front of the shoulder and the arm fully extended. The pulling
motion tended to be in a straight line parallel to the floor. The
subject then returned the arm to the original starting position.
This constituted 1 pull. The participant pulled the weight 22
times (1 set) as quickly as possible and rested 8 minutes. He
repeated pulls and rest periods until muscle fatigue prevented
him from completing the 22 pulls without stopping.

Figure 1. Arm-pull weight-lifting device.

Procedures
During the habituation session, the participants were in
formed of the purpose and procedures of the study, signed an
informed consent form approved by San Francisco State
University Committee for the Protection of Human Subjects
(which also approved the study), and were randomly assigned
to a group for testing order. They warmed up for 3 minutes,
observed a demonstration of the movement, and performed 1 0
pulls with a weight of 6.8 kg (15 Ib). The subject's maximum
weight for 1 pull was determined by starting with a weight of
18.14 kg (40 Ib), followed by the addition of 2.27-kg (5-lb)
increments until he could not pull the weight through the full
range of motion. Each participant was then tested to deter
mined arm-pull length and pulled approximately 75% of 1RM
weight 22 times as fast as possible. (Because the weights were
in 2.27-kg increments, I could not obtain exactly 75% of a
person's 1RM.) The subject was then scheduled for the 2
testing sessions.
On testing days, participants were asked if they had any
soreness or injury to their shoulder or elbow. They then
warmed up with the following: 1) running in place for 2
minutes, 2) stretching the arm and shoulder for 1 minute, 3)
observing a demonstration of 6 pulls, 4) pulling approximately
75% of maximum weight lifted 11 times at a slow pace within
1 minute, 5) resting 1 minute, 6) pulling the weights 11 times
as fast as possible, and 7) resting 3 minutes. The session's
remaining procedures were then explained.
Subjects then completed 1 set of 22 pulls as quickly as
possible for a base time. The procedures for the next 8 minutes
consisted of a 30-second transition from the exercise to the
treatments, 3 minutes of cryotherapy or towel treatment, 4
minutes of rest, and another 30-second transition from the rest
to the next set of pulls. The number of pulls, treatment times,
and rest periods were similar to those used in the previous
interval cryotherapy baseball study. 21 This procedure contin
ued until the subject could not complete the 22 pulls without
stopping. Ice packs were applied to the shoulder, arm, and
elbow for 10 minutes after completion of each testing day. The
day after the second testing session was completed, the
participants were asked to compare the interval cryotherapy
and towel treatments as they related to next-day arm and
shoulder soreness.
Length of the arm pull, weight lifted, number of arm-pull
sets completed before fatigue, and time to complete repetitions
(work rate) were measured; total work (joule = 1 kg-m2'S~ 2 =
0.738 ft-lb) and power (watt = joule-s" 1 ) were calculated.
Work was obtained by multiplying the weight lifted by the
length of arm pulled, and power was determined by dividing
work by time.
Statistical Analysis
The first set did not have a treatment before the 22 pulls.
Because this set was not influenced by the cryotherapy or
towels, it was used as a covariate in the analysis of covariance.
The treatments occurred after this set. The dependent variables
of velocity and power were analyzed in 3 different ways:
means for first through fourth sets, means for matched sets, and
means for all sets. The first through fourth sets include
information for all participants. Data are missing from the
remaining sets due to fatigue. The scores from sets 5 through
15 were included as part of means analyzed in matched and all
sets. Matched scores included those sets with both interval
Journal of Athletic Training
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cryotherapy and towel scores for the same set. If a participant
had an interval cryotherapy score for the 5th set but not a towel
score for the same set, the interval cryotherapy score for the set
was eliminated from the analysis. This standardized the
amount of work completed in each treatment. All sets included
every participant's interval cryotherapy and towel scores. The
subjects' interval cryotherapy sets included 14.1% more total
work or 14.5% more pulls. Work consisted of the pulled total
joules completed before fatigue, excluding the base set.
A 1 X 2 factorial, random, counterbalanced design was
used. An analysis of variance was used to analyze work at the
0.05 level of significance. An analysis of covariance, with the
base set as the covariate, was used for velocity and power.
RESULTS

Room temperature during testing ranged from 21.1° to
22.2°C. The mean arm-pull length was 1.44 ± 0.045 m, weight
lifted was 21.89 ± 1.321 kg, and 1 RM was 29.94 ± 2.079 kg.
The Table presents the means, standard errors, and percentage
differences for work, velocity, and power.

condition. During both interval-cryotherapy and towel condi
tions, velocities showed a slight decline with each succeeding
set, which is typical for fatigue.
Power
Participants performed higher power values for the first to
fourth sets (F 1>8 = 6.73, P = .03) and matched sets (F 1>8 =
8.41, P = .02) when treated with cryotherapy. However, there
were no differences for all sets (Fj 8 = 3.23, P = .11) or base
sets (Pi 9 = 0.09, P = .77). Power increased for interval
cryotherapy between the base and the first to fourth sets, while
the towel treatment power decreased. Both intervalcryotherapy and towel power values reflected a slight decline
with each succeeding set.
Soreness
Six of 10 participants reported having less soreness on the
day after lifting when treated with interval cryotherapy. Three
could not distinguish a difference between the 2 conditions,
and 1 felt more soreness after cryotherapy.

Work
=
Participants performed 14.1% more total work
19.02, P = .002) and 14.5% more arm pulls (F 1>9 = 22.22,P =
.001) during the interval-cryotherapy sets. Eight of the 10
participants performed more sets during the cryotherapy con
dition. The other 2 performed the same number of sets.

Velocities
Velocities for the first to fourth sets (F 1>8 = 7.45, P = .03),
matched sets (F, 8 = 12.35, P = .008), and all sets (F U8 =
6.25, P = .04) were higher with cryotherapy. No significant
difference in the base sets was seen (F 1)9 = 0.07, P = .79).
Velocity increased for interval cryotherapy between the base
and the first to fourth sets, while it decreased during the towel
Descriptive Statistics for Work, Velocity, and Power
Dependent
Variable
Work
Total joules
Arm pulls
Velocity* (seconds)
Base set
1 st to 4th sets
1st set
2nd set
3rd set
4th set
Matched sets
All sets
Power (watts)
Base set
1 st to 4th sets
1 st set
2nd set
3rd set
4th set
Matched sets
All sets

Cryotherapy
Mean ± SE

Towels
Mean ± SE

Difference from
Placebo (%)

60233 ± 8223
191.4 ± 23.7

52795 ± 7424
167.2 ± 22.1

14.1%
14.5%

38.9
38.2
37.9
37.5
38.0
39.4
39.1
39.7

±
±
±
±
±
±
±
±

2.2
1.8
2.0
1.9
1.7
1.7
2.0
2.1

184.2
185.8
188.3
189.9
186.0
178.8
182.0
180.1

±
±
±
±
±
±
±
±

18.2
17.7
18.6
18.7
17.4
16.6
17.7
17.4

38.6
39.7
38.4
39.1
40.5
40.7
41.4
41.4
182.8
179.7
185.8
181.0
176.6
175.3
174.2
174.2

± 1.8
± 2.2
± 2.3
±2.1
±2.5
± 2.3
±2.6
± 2.6
±
±
±
±
±
±
±
±

17.5
17.2
18.0
16.7
17.4
16.9
17.4
17.4

.8%
-3.7%
-1.4%
-4.1%
-6.1%
-3.2%
-5.5%
-4.2%
.8%
3.4%
1 .4%
4.9%
5.3%
2.0%
4.5%
3.4%

*Lower numerical values indicate faster times.
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DISCUSSION

The rationale for this study was that muscle temperature
remains in a relatively narrow range during resting conditions but increases slowly in a warm environment and
rapidly when exercising.24 Webb23 reported that in a comfort
able environmental condition of 27°C, temperatures were
lowest at the skin surface and gradually increased to the highest
at a 4-cm muscle site. When sweating starts, comfortable
temperature differences tend to disappear. Heat production
during exercise may cause muscle temperature to rise as high
as 45°C.25 When muscle temperature increases, the body must
adjust rapidly by increasing heat loss in order to return to a
normal balance (homeostasis).26 The 3 major routes for heat
dissipation are radiation, convection, and evaporation, with the
last being the primary mechanism by which muscle heat is
released during exercise.27 Heat loss by conduction under
normal conditions is very small. However, for people sitting or
lying on very cold surfaces, conductive heat losses may be a
considerable portion of their total heat loss. Cryotherapy
results in conductive heat loss28'29 and may assist the other
body mechanisms in reducing muscle temperature to a more
appropriate level.
Cold applications result in an immediate and rapid decline in
temperature of the surface tissues.28 "32 Initially, these temper
atures decrease sharply, then more gradually until a plateau is
obtained. Skin temperatures begin to increase immediately
upon the removal of the ice application. The amount of muscletemperature change in deep muscle depends on the depth of the
muscle measurement, duration of cryotherapy application,
mode of treatment, and thickness of adipose tissue. 29'33 '34
Some researchers29'34 suggest that no effect is evident during
the first 3 minutes of cryotherapy. Deep-muscle temperature
gradually decreases for several minutes immediately after
removing cryotherapy,34 then muscle temperature begins to
increase.
Researchers35 measured temperature change in leg muscles
at 1 cm during contrast therapy of 4 minutes of heat and 1
minute of ice for 20 minutes. The control group immersed the
leg in a hot whirlpool (40.6°C) for 20 minutes. The contrast

group had a significantly smaller increase (0.39°C) in muscle
temperature than the control group (2.83°C). Alternating heat
and cold treatment resulted in very little muscle-temperature
change at 1 cm. Perhaps similar results occurred in this study.
The heat production during the weight-pulling exercise may
resemble the hot-whirlpool treatment in increasing muscle
temperature. This, followed by the 3 minutes of icing and 4.5
minutes of rewarming, could have produced results compara
ble with the contrast treatment.
I applied 3-minute interval cryotherapy between innings on
university baseball pitchers. 21 The participants threw 26%
more pitches, which is greater than the 14% obtained with the
heavier resistance in the current study. Interval cryotherapy
appears to be effective for both light (142-149 mg) and heavy
(21.9 kg) resistance-type work. Other studies l_9,30-32 suggest
that the most effective localized muscle temperature for ac
complishing the most work is lower than normal temperature.
As one moves away from this effective temperature, less and
less work is accomplished: extremely high or low temperatures
produced the least amount of work. Researchers 1 using waterbath temperatures of 2°C, 10°C, 14°C, 18°C, 26°C, 34°C, and
42°C reported the maximum duration of sustained contraction
was at 18°C. A graph of the investigators' results 1 "9'21 was
similar to a normal probability curve, with its center being
slightly below normal temperature (Figure 2). The 3-minute
icing with 4.5 minutes of rewarming may have brought the
temperature closer to the optimal work temperature. In general,
more work is accomplished when the temperature is lower than
normal. 1 -9'21
Lowering tissue temperatures results in decreased veloci
ties, 12-14,19 but the literature is conflicting on the effect of
motor performance at normal and higher-than-normal
muscle temperatures. Several investigators 11 ' 16 - 18 reported
greater velocities at increased temperatures than at normal
conditions, while others 13' 19'20 indicated that increasing tem
perature above normal had little or no effect on subsequent
velocity. Interestingly, 2 of these studies 19'20 used water baths
of 40°C and 46°C, respectively, which suggests that extremely
high temperatures may be no different than normal tempera
tures. Perhaps the velocity performances' distribution could
also be similar to a normal probability curve 11"20 with its
center somewhere between normal and high temperatures
(Figure 2).
The velocity results were similar to those obtained in the
baseball investigation. 21 The baseball interval-cryotherapy ve
Peak

locities were significantly faster by 3.7% for second to fourth,
3.7% for matched, and 2.9% for all innings. These percentage
changes tended to be either equal to or lower than the
respective weight-lifting sets of 3.7%, 5.5%, and 4.2%.
Participants' cryotherapy power values were higher for the
first to fourth sets and matched sets but not for all sets. The
lack of significant difference in all sets may be associated with
the 14.1% more work completed in the interval-cryotherapy
treatment.
In the baseball investigation, 21 5 of 6 pitchers indicated
they had less arm soreness the next day with interval
cryotherapy. In my study, 6 of 10 participants reported less
soreness. The participants in both studies performed more
work.
One factor that may have influenced the results is the
Hawthorne36 effect, by which participants performed better
because they believed they were receiving special attention and
treatment. Because the interval-cryotherapy treatment was
counter to all previous practices in weight training, the partic
ipants may have believed they were receiving special attention.
Although towels were used in this study, the Hawthorne effect
may have influenced performance.
The direct application of interval cryotherapy to weight
training still needs to be demonstrated. Strength development
usually involves 6 to 12 repetitions per set at a low speed, with
3 minutes' rest between sets. The 22 repetitions at a high
velocity with 8 minutes of rest between sets may not be
transferable to strength training. Further research must be
conducted to support the use of interval cryotherapy in weight
training.
The exact nature and cause of the complex phenomenon of
muscle fatigue remains obscure. Performances affected by
different localized environmental temperatures may be concur
rently affected by many other factors, such as muscle temper
ature, the beneficial effects of cryotherapy on pain reduction,
the functioning of the arm and shoulder joints, the depletion of
substances needed for muscle contraction, byproducts of mus
cle contractions, accumulation of waste products in the mus
cles, reduction of secondary hypoxic injuries, the functioning
of the central nervous system, rapid change in local environ
mental temperature, psychological considerations, or a combi
nation of these. Researchers developing models dealing with
fatigue should consider including the variable of muscle
temperature.

TEMPERATURE, WORK AND VELOCITY

v-Research not clear

Poor
Extremely
low

Very
low
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Figure 2. Model for temperature, work, and velocity as related to efficient motor performance. 1 ~9>11 ~21
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Wrestling Mats: Are They a Source of
Ringworm Infections?
Thomas D. Kohl, MD; David C. Martin, MD; Richard Nemeth, MD;
Deborah L. Evans, SM (AAM); Berks County Scholastic Athletic Trainers'
Association*
Objective: To determine if the fungal molds (dermatophytes)
responsible for causing ringworm could be isolated from a
section of wrestling mat during the 1998-1999 season.
Design and Setting: A 2-part study was conducted. The first
phase involved a culture evaluation of material taken from
wrestling mats at 8 local high schools. The second phase was
a bench laboratory study to determine if the fungus and molds
could be grown from a wrestling mat in an optimal setting.
Subjects: We obtained material from areas of the practice
mats of 8 high school wrestling teams at monthly intervals
during the wrestling season. A 0.61 -m (2-ft) x 0.31 -m (1 -ft) area
of mat from 1 of the schools was used for the laboratory phase
of the study.
Measurements: We cultured samples taken from each
school's wrestling mats for growth of dermatophytes and used

D

ermatologic infections are a fairly common disease
entity in contact sports. Wrestling in particular pro
vides a competitive environment in which herpesviruses, Staphylococcus bacteria, and dermatophytes thrive. A
small number of outbreaks of ringworm infections in wrestlers
in the United States have been reported, 1 "5 despite the widely
held belief that these epidemics are quite commonplace in the
wrestling world. 6 Prevention strategies such as hygienic prac
tices, including showering and laundering clothing, in addition
to educating officials, coaches, athletic trainers, parents, and
athletes have been advocated in the literature. 7 We have found
these measures to be inadequate in primary prevention. 8 As
health care providers for these athletes, we must try to prevent
these outbreaks by defining the disease entity better. With a
better understanding of ringworm infections in this unique
setting, we can better work to prevent and treat ringworm in
wrestlers.
One strategy would be to determine the initial source of the
organisms that cause ringworm. In doing so, we would be
better equipped to understand the transmission and construct
methods to prevent the transmission of the fungi and molds. It
is most likely that the mode of transmission of these infections
is person to person. Wrestling requires close body contact and
often results in skin abrasions that provide a perfect opportu
nity for person-to-person transmission. However, dermato
phytes have been isolated from several inanimate objects,

a questionnaire to determine the mat-washing habits and
policies of each school. Also, wrestlers from the 8 schools were
screened weekly by the designated team physician and certi
fied athletic trainer. Any suspicious lesions were cultured for
fungi.
Results: No dermatophytes were grown from the swab
specimens taken at the 8 schools, and no dermatophytes were
isolated from a section of mat evaluated in optimal laboratory
conditions.
Conclusions: It is unlikely that wrestling mats are a source of
ringworm infections in wrestlers.
Key Words: tinea gladiatorum, wrestling, tinea corporis,
infection control

including hairbrushes, combs, pillowcases, other bedding ma
terial, and dormitory floors. 9 Inanimate objects, or fomites,
may be responsible for prolonged transmission of ring
worm infections. 10 The competitive wrestling environment
includes many fomites as possible sources of contagion. In a
survey of 229 certified athletic trainers, athletic directors, and
wrestling coaches in Pennsylvania, respondents identified tow
els, practice clothing, headgear, and wrestling mats as theo
rized sources of ringworm in high school wrestlers. Three
fourths of those responding believed that ringworm could be
contracted from wrestling mats (T.D. Kohl, unpublished data,
1999). To our knowledge, no one has proved that dermato
phytes can exist on wrestling mats. We designed this 2-phase
study to determine if dermatophytes could be found on samples
of wrestling mats during the course of a season. We did not
alter the environment or cleaning habits in any way during this
study. During the season, each team involved was followed
closely to diagnose and treat any ringworm infections that
arose. If dermatophytes were isolated, we could infer that
wrestling mats might be an additional source of ringworm
infection. That information could lead to guidelines concerning
mat cleaning and storage that may supplement evidence-based
treatment and infection-control methods to lessen the number
of cases of ringworm in competitive wrestlers.
METHODS

Address correspondence to Thomas D. Kohl, MD, 901 Prestwick Lane,
Newport News, VA 23602. E-mail address: Tkohl34841@aol.com
* A complete list of the members of the Berks County Scholastic
Athletic Trainers' Association appears at the end of this article.

Eight schools with varsity wrestling programs in the same
county and same league were involved in this study. We
obtained consent from athletic directors and school boards
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before the season. Demographics of each school were obtained
from the athletic directors of each school.
The first phase was a field study to evaluate cultured
material from wrestling mats at each school. Culture samples
were obtained from a 0.31-m X 0.31-m (1 square foot) area at
the center of each school's practice mats. The surface area of
each mat was swabbed before the regular season (early
November) and monthly during the season (December, Janu
ary, and February). The first sample was taken before any
formal wrestling practices were conducted and after the mats
had been sterilized. The subsequent monthly samplings were
taken immediately after practice on the predetermined date
each month, before any mat cleansing was done, to improve the
chance of finding organisms. A sterile cotton swab was
moistened with sterile water before collecting the specimen.
Each specimen was acquired by rigorously rubbing the swab in
multiple directions over the designated area at the center of the
practice mats in the wrestling rooms of each school. This
method of screening for dermatophyte growth on fomites has
been shown to be effective in isolating the organisms. 11 ' 12 The
swab was returned to the culturette transport medium and
transported to the microbiology laboratory within 24 hours.
The reliability of using a cotton swab technique to isolate
dermatophytes has been shown elsewhere. 13
Each specimen was swabbed onto a Mycosel agar (Becton
Dickinson, Sparks, MD). Mycosel is a Sabouraud-dextrose
base agar that contains chloramphenicol, a broad-spectrum
antibiotic to inhibit bacterial growth, and cycloheximide,
which inhibits saprophytic fungi growth. Agar containing
chloramphenicol and cycloheximide is the standard medium
for growing dermatophytes. 14 Therefore, Mycosel would allow
growth and recovery of dermatophytes responsible for ring
worm infections while preventing the growth of contaminating
organisms. We examined the agar plates weekly for growth.
Colonies of mold suspected of possibly being a dermatophyte
were reisolated to Sabouraud-dextrose plates for further iden
tification.
We used a questionnaire to determine the mat-washing
habits and policies of each school, including the frequency of
washing, the substance used to clean the mats, and the
person(s) responsible for cleaning the mats. The athletic
trainers or wrestling coaches, or both, at each school provided
the information.
The wrestlers from these 8 schools underwent weekly
screening examinations by the designated team physician and
certified athletic trainer. If any lesions were found during a
screening examination or were self-reported by the wrestler, an
epidermal scraping was obtained from the suspicious lesion for
fungal culture. The epidermal cells were collected into agar
tubes containing Dermatophyte Test Medium (DTM [Acuderm, Fort Lauderdale, FL]). The culture tubes were incubated
at room temperature for 4 weeks. A positive culture was
defined as growth on DTM with characteristic color change
from yellow to red indicating alkalinization. Positive DTM
cultures were subcultured on a fresh Sabourad-dextrose plate
for 72 hours. The isolates were then examined microscopically
after staining with lactophenol blue dye. A small sample of the
mold was then inoculated onto Trichophyton agars 1-4 and
Christensen's urea agar (Becton Dickinson, Sparks, MD).
These tubes were examined daily for 10 days to determine the
growth patterns. Six of the positive DTM cultures were not
further identified because of inability to recover the organism
secondary to delay in transport to the microbiology laboratory.
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The second phase of the study was a bench laboratory
experiment to determine if dermatophytes could be isolated
from a sample of wrestling mat in ideal conditions. A 0.61-m
X 0.61-m (2-ft X 1-ft) piece of a practice wrestling mat from
1 of the participating schools was removed from an existing
practice mat and transported to the microbiology laboratory for
evaluation. Touch preparations of the mat onto a fungal
medium plate were performed to determine if the mat could be
a source of dermatophyte growth. If any dormant fungal or
dermatophyte spores were present on the mat, they would
sporulate and grow once they had optimal conditions for
growth. All agars were incubated at 28°C to 30°C in a Thelco
model #4 incubator (Thelco, Englewood, CO). Two areas of
the mat were chosen for the touch preparations, 1 dirty area and
1 clean area. The dirty area contained debris and dust. The
clean area was relatively free of debris and dust to the naked
eye. The sample of mat had not been washed or disinfected in
23 hours.
RESULTS

The 8 schools included 1 urban, 5 suburban, and 2 rural
schools. The average number of wrestlers per school was 20.3
(range, 14 to 29). Coaches at all schools reported an average of
15 hours of practice time per week. Only 1 school in this study
was free of ringworm during the season. The number of
infections, number of wrestlers, and mat-washing habits from
each school are provided in the Table. Each school used a
commercial mat cleaner (Mint Quat [3M, Minneapolis, MN],
Brute [Hadco-Denver Chemical Co, Denver, CO], or Vionex
[Viro Research International, Toledo, OH]) to clean its mats.
All cleaners contained ammonium chloride as the primary
active ingredient.
A total of 32 mat samples were analyzed from the 8 schools.
None of the mat specimen cultures collected at any time
before, during, or after the season produced any dermatophyte
growth. A few suspicious molds were isolated from 7 cultures
from 4 different schools. These mold colonies were positively
identified as Penicillium and Fusarium, which are common
environmental molds that do not cause clinical disease. One
culture grew Aspergillus, which could produce infection in an
immunocompromised host. Two samples produced a large
amount of yeast, which again were most likely environmental
in nature. Finally, bacteria were found in 4 cultures (from 3
different schools) during evaluation. The bacteria were not
further identified.
Characteristics of the 8 Wrestling Programs for the 1998-1999
Season

School
B
G
H
R
S
WE
Wl
WY

Wrestlers
(n)
16
22
14
19
29
17
25
21

Ringworm
Cases*
1 (6.25)
6 (27.2)
0(0)
3(15.7)
1 (3.4)
3(17.6)
5(20)
3(14.2)

Frequency
of Mat
Cleaning
Daily
Daily
Daily
Monthly
Daily
Daily
Daily
Daily

*Number of cases during the regular wrestling season (team incidence
in percent for the entire season).

The 2 touch preparations that were processed in the labora
tory did not reveal any dermatophyte growth. Each preparation,
1 from a dirty area and 1 from a clean area of mat sample,
produced yeast and environmental molds. No bacteria were
isolated from the touch preparations.
DISCUSSION

Tinea gladiatorum represents a significant nuisance to the
wrestling world and to the health care professionals who care
for wrestlers. Based on review of what little is in the literature
and personal experience, outbreaks of ringworm infections
seem to be the most common presentation. The best way to
combat this problem is to determine the origin of the first
dermatophyte. Prevention is the key to keeping wrestlers on the
mats. Several possibilities may explain how these miniepidemics are started, but no single answer is likely to explain all the
epidemics. If the dermatophytes responsible for ringworm
infections have been isolated on inanimate objects before, it is
logical to believe that they may exist on inanimate objects to
which the wrestlers are exposed. We sought to prove or
disprove 1 part of that theory with this study.
The mats that were used for practice at the 8 schools in
Berks County did not harbor the organisms responsible for
ringworm at the times and in the areas that we sampled. The
mat-cleaning habits of the schools and the hygiene of the
wrestlers were not controlled or altered in any way. We studied
the mats in the state in which the participating schools kept
them. We diagnosed infections in all but 1 of the schools.
Trichophyton tonsurans was isolated from 17 of 23 positive
DTM-screening cultures. The other positive DTM cultures
could not be further identified. The predominance of Tricho
phyton tonsurans is consistent with other reports of ringworm
infections in this population. 1"3 '5'8' 15 We showed in previous
work8 that it often takes more than 1 to 2 weeks to eradicate
this dermatophyte in the wrestling population. Even if the mat
was not the original source of the infections, there may have
been exposure to the dermatophytes responsible for the infec
tions when the infected wrestlers were practicing. Evidence has
supported the existence of Trichophyton tonsurans outside a
host for a prolonged period in an artificial setting. 16 If the
dermatophyte or its spores were able to survive or perpetuate
on wrestling mats, they should have been isolated.
Two explanations can illustrate why we were unable to
isolate dermatophytes from the monthly mat cultures at the 8
schools. First, there may not have been enough dermatophytes
present to spur growth. If this were the case, then there would
not be enough organisms to produce or induce a clinical
infection. Seven of the 8 schools washed or disinfected their
mats daily. The disinfectant used by each school contains an
active fungicidal ingredient. This would certainly limit the load
of dermatophytes or any other organisms on the mats. Our
results may make a strong argument in favor of washing the
mats daily. By looking for the dermatophytes without altering
the normal regimen of mat cleaning, we can infer that it is
unlikely that the mats were the cause of the ringworm
infections in these wrestlers because the mats were cleaned on
a regular basis. Second, perhaps dermatophytes were there, but
we missed them by only sampling a small area. We did sample
the same area each month, and the area sampled was in the
center of the mat, where much action presumably takes place.
We may have also missed the opportunity to find any dermato
phytes by only sampling monthly. We did increase our chance

by sampling immediately after practice times. It is also difficult
to determine if the wrestlers had sufficient contact with the mat
at that particular area. A larger study with more random
sampling may reveal dermatophytes on the mat.
Because we were unable to isolate dermatophytes from the
mats and because we were limited in our ability to sample
larger areas of the mats, the laboratory experiment phase was
initiated. Under ideal growth conditions, the mat sample did
not produce evidence of dermatophyte contamination. If der
matophytes could not be isolated under ideal conditions, it is
difficult to believe that they can survive on mats in sufficient
concentrations to produce clinical infections. The same limi
tations hold true of this part of the study. We only sampled 1
piece of mat from 1 school; this limited our ability to isolate
any dermatophytes. The lack of growth under laboratory
conditions does add some evidence to conclude that it is
unlikely that dermatophytes can persist on wrestling mats in
sufficient quantity or for sufficient duration to cause clinical
infections.
The inability to isolate dermatophytes in either phase of this
study lends more credence to the theory that person-to-person
contact is the most likely mode of transmission. Others have
reached a similar conclusion. Beller and Gessner 1 provided
several reasons to believe the transmission of tinea gladiatorum
is by direct skin-to-skin contact. Extensive cleaning of the mats
with a disinfectant capable of killing dermatophytes failed in
their study and in our study to prevent tinea infections. Beller
and Gessner1 also noted that there should have been more
lower extremity infections if the mat played a role in the
outbreak they studied. Direct contact with the fungus, in
combination with other factors, including concomitant skin
trauma and host susceptibility, is the most important source of
infection. 17 Nosocomial outbreaks of Trichophyton tonsurans
have affirmed direct personal contact as the prominent source
of transmission. 11 ' 18 The presence of a dermatophyte on a
fomite or as part of a carrier state does not affirm it as the
definitive source. The principles of infectious disease require a
viable organism, a susceptible host, and an appropriate envi
ronment for clinical infection to occur. We need to study all
aspects of this infection in this population in order to develop
strategies to deal with it. We suggest focusing our efforts on
studying the person-to-person transmission, studying when
return to competition is safe, and looking at efficacy of
treatment and prevention techniques such as the use of skin
barriers 19 and pharmacologic prophylaxis. 20 We would suggest
continuation of common-sense hygiene measures, including
showering after every encounter, washing practice clothes
daily, and disinfecting mats daily. 21 Until we have more
definitive answers about ringworm in wrestlers, it is impossible
to have sufficient infection control and prevention plans.
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Objective: To develop a screening test to detect female
college athletes with eating disorders/disordered eating (ED/
DE). No validated eating disorder screening tests specifically
for athletes have been available.
Design and Setting: In this cross-sectional study, subjects
from a large midwestern university completed 3 objective tests
and a structured diagnostic interview.
Measurements: A new test, developed and pilot tested by
the researchers (Athletic Milieu Direct Questionnaire, AMDQ),
and 2 tests normed for the general population (Eating Disorder
Inventory-2, Bulimia Test-Revised) were used to identify ED/DE
athletes. A structured, validated, diagnostic interview (Eating
Disorder Examination, version 12.0D) was used to determine
which test was most effective in screening female college
athletes.
Subjects: Subjects included 149 female athletes, ages 18 to
25 years, from 11 Division I and select club sports.

D

isordered eating is one of 3 components of a serious
syndrome called the female athlete triad. Its inter
related components include disordered eating, amenorrhea, and osteoporosis. 1 Research has shown that sports
emphasizing low body weight pressure female athletes to
achieve and maintain extremely unrealistically low body
weights and body fat percentages. 1 Athletes are 2 to 3 times
more likely than nonamletes (ie, general population and col
lege students) to manifest characteristics of eating disorders. 2
In 1 study of 22 colleges and universities (n = 695 athletes),
approximately 3% of the athletes met the medical criteria for
anorexia nervosa, and 21% met the criteria for bulimia nervosa. 2 A substantial number of athletes (as high as 62%)
practice pathogenic weight-control behaviors. 3" 6 Despite seri
ous medical complications (eg, bradycardia, electrolyte abnor
malities, dehydration, dental erosion, hypotension)7 associated
with eating disorders and disordered eating, no screening test
has been developed specifically for an athlete population.
Current screening tests such as the Eating Disorders Invento
ry-2 (EDI-2)8'9 (Psychological Assessment Resources, Inc,
Odessa, FL) and the Bulimia Test-Revised (BULIT-R) 10' 11
Address correspondence to David R. Black, PhD, MPH, CHES, Depart
ment of Health, Kinesiology, and Leisure Studies, Purdue University,
1362 Lambert Building, West Lafayette, IN 47907-1362. E-mail ad
dress: blackran@gte.net

Results: ED/DE subjects (35%) were found in almost every
sport. Of the ED/DE subjects, 65% exhibited disordered eating,
25% were bulimic, 8% were classified as eating disordered not
otherwise specified (NOS), and 2% were anorexic. The AMDQ
more accurately identified ED/DE than any test or combination
of items. The AMDQ produced superior results on 7 of 9
epidemiologic analyses; sensitivity was 80% and specificity
was 77%, meaning that it correctly classified approximately 4
of every 5 persons who were truly exhibiting an eating disorder
or disordered eating.
Conclusions: We recommend that the AMDQ subsets,
which met statistical criteria, be used to screen for ED/DE to
enable early identification of athletes at the disordered eating or
NOS stage and to initiate interventions before the disorder
progresses.
Key Words: anorexia, bulimia, dieting behaviors, Eating
Disorder Examination

(M.H. Thelen, Columbia, MO) have not been validated with
athletes, and the sensitivity and specificity of these tests in
athletes are questionable. Wilmore, 12 for example, described 1
study that used the EDI to assess 14 female distance runners.
The EDI identified only 3 of these athletes as having possible
problems but not clear eating disorders. Seven runners, how
ever, were subsequently diagnosed as having an eating disorder
that required inpatient or outpatient treatment, or both. Wil
more 12 also noted similar conclusions in another study in
which the Eating Attitudes Test (EAT) was administered to
110 elite female athletes. Based on the EAT, none of the
athletes scored in the eating-disordered range, yet 18 (16.4%)
received either inpatient or outpatient treatment for eating
disorders in the subsequent 2-year period. O'Connor et al 13
also concluded that the EDI-2 can be easily faked and that
response bias should be accounted for when using the EDI-2.
These studies illustrate the diagnostic problems associated with
the use of current, commercial, validated screening tests for
eating disorders for the general population when they are used
in female athletes.
The purpose of our study was to develop a screening test for
eating disorders/disordered eating (ED/DE) specifically for
female college athletes. The study was conducted as part of an
initiative to develop a screening test for widescale distribution.
The following research questions were addressed in this study.
(1) Because conventional diagnostic and screening tools are
Journal of Athletic Training
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psychometric properties (ie, readability, response bias, content
validity, test-retest reliability, and criterion validity).
Pilot testing of the AMDQ was conducted in 4 stages over a
2-year period using another 175 female collegiate athletes not
included in our study sample. In stage 1, we assessed the
readability of the AMDQ (5.27 grade level) using the Gunning
Fog Formula. 20 Subjects' written ratings and feedback about
the clarity and wording of items and the adequacy of response
options also were evaluated. In stage 2, we examined response
bias by asking subjects whether or not each item would result
in an honest answer or an answer that conformed to socially
acceptable norms. The AMDQ was then revised based on stage
1 and 2 results. In stage 3, we assessed content validity by
soliciting feedback from 3 experts in the areas of eating
disorders and athletics using a structured evaluation form.
Based on the stage 3 results, further revisions were made. Stage
4 involved evaluation of test-retest reliability and criterion
validity. Test-retest reliability was determined by administer
ing the tests to the same group of female athletes on 2 separate
occasions, 2 to 4 weeks apart. Criterion validity was estimated
by comparing 3 self-report items on the test (ie, height, weight,
METHODS
body fat percentage) with observed data measured by the
researchers. The results for each stage of the pilot test clearly
met psychometric standards for test construction, and detailed
Subjects
results can be obtained by contacting the authors.
A second session was scheduled to interview subjects to
The subjects' (n = 149) mean age was 20 years. Selfreported and observed weights were 61.24 kg (135 Ib) and confirm written test results and to obtain physiologic data. We
62.14 kg (137 Ib), respectively. Mean self-reported and ob used Fairburn and Wilson's21 interview questions and proce
served heights were both 167.64 cm (66 in), body mass index dures (Eating Disorder Examination [EDE], Diagnostic Ver
(BMI, kg/m2) was 22, and body fat percentage was 18. sion, Edition 12.0D) to diagnose an eating disorder. The EDE
Subjects were athletes from a large midwestern Division I is a psychometrically valid, systematic, structured interview.
university and were recruited from all sports (n = 11) Interviewers (n = 2) were trained to conduct the EDE
involving female athletes (ie, basketball, cheerleading, dance interviews by a licensed clinical psychologist who has exten
company, modern dance, golf, gymnastics, softball, swim sive experience with eating disorders and athletes. Any athletes
ming, tennis, track and cross-country, and volleyball). A who met diagnostic criteria or were experiencing psychological
census-selection procedure was used because the total number or physical problems related to nutrition or weight manage
of participants was manageable in terms of the human and ment were referred to an appropriate health care provider (eg,
economic resources available to conduct the study. The insti registered dietitian, psychologist, physician, or a combination
tutional office of the Committee on the Use of Human of these). Coaches were excluded from the recruitment and
Research Subjects approved the study and the procedures used testing sessions to avoid response bias (ie, influencing athlete
for data collection.
participation or responses). Many experts working with ath
letes with eating disorders 17'22'23 have recommended excluding
coaches.
Procedures
Physiologic Measurements. For purposes of subject classi
Test Administration. Data were collected in 2 sessions. In fication with the EDE, we measured each subject's height,
session 1, all subjects completed 3 tests in the order AMDQ, weight, and body fat percentage. Height was measured to the
EDI-2, and BULIT-R. The time of completion of all 3 tests at nearest 0.64 cm (0.25 in) and weight to the nearest 0.23 kg (0.5
1 sitting was approximately 1 hour. The AMDQ was con Ib) using a Detecto balance-beam scale (Detecto Scale Co,
structed because published eating disorder screening tests do Webb City, MO). Body composition was calculated using
not focus on athletes or the effect of the athletic environment Jackson and Pollock's formula24 and measured using Harpon the athlete. Items for the AMDQ were developed based on enden (Burgess Hill, West Sussex, England) skinfold calipers.
Black 14 ; Brownell et al 15 ; Holliman 16 ; Thompson and Sher- The body sites selected for assessment were the triceps, ilium,
man 17 ; the research literature; and the diagnostic criteria for an abdomen, and thigh. The same experienced laboratory techni
eating disorder found in the Diagnostic and Statistical Manual cian took 3 skinfold measurements at each site. BMI was
of Mental Disorders, 3rd edition (ASM-///), 18 and the Diag computed from height and weight measurements as another
nostic and Statistical Manual of Mental Disorders, 4th edition indicator of body composition.
Subject Classification. Subjects were classified according
(DSM-/V). 19 Additional items were included pertaining to the
effect of the athletic milieu on weight management and eating to DSM-III-R 18 and DSM-IV]9 criteria as having anorexia
behaviors. Several demographic questions also were included. nervosa, bulimia nervosa, or an eating disorder not otherwise
No attempt was made to disguise the purpose or intention of specified (NOS) based on responses to key EDE questions
the objective test, and the response format was multiple choice. (Table 1). For anorexia nervosa, subjects had to meet 5 criteria.
Extensive pilot testing of the AMDQ (described in the next To satisfy criteria 1 and 2 for anorexia (fear of weight gain and
column) was completed before this study to establish its feelings of fatness), they had to score 4, 5, or 6 on these EDE

not normed for athletes, are they the most effective tools to use
in an athlete population? (2) Will specific items from the
Athletic Milieu Direct Questionnaire (AMDQ), which we
developed, or the 2 commercial screening tests not normed for
athletes be useful in the development of a screening test
specifically designed for female college athletes? We hypoth
esized that the AMDQ would more accurately assess the
presence of ED/DE among female college athletes than the
EDI-2 or BULIT-R, as verified by a systematic, psychometrically validated, diagnostic interview. Alternatively, we hypoth
esized that some combination of items from the AMDQ,
EDI-2, and BULIT-R would more accurately assess the pres
ence of ED/DE than any of these tests independently. Our
extended purpose was to develop a new ED/DE screening test
for female college athletes using items from the test pool (ie,
the AMDQ, EDI-2, and BULIT-R) that best discriminated
athletes with ED/DE from athletes without these disorders. The
end product, therefore, would be a shorter test, specific for female
college athletes, which could be used to screen for ED/DE.
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Table 1 . Subject Classification According to DSMa-lll-R13 and DSM-IV14 Diagnostic Criteria for Eating Disorders
Required Rating

Anorexia
Nervosa

Criteria
Fear of Weight Gain
Feelings of Fatness
Maintained Low Weight
Menstruation
(absence of)
Body Composition 1
1 . Body Mass
Index (BMI)
2. Body fat %
Purging Methods1
1. Vomiting
(self-induced)
2. Laxative misuse
3. Diuretic misuse
4. Intense exercisek
Objective Bulimic
Episodes'
Subjective Bulimic
Episodes"1
Importance of
Shape/Weight

Bulimia
Nervosa

NOSAnorexicb

NOSBulimic0

Disordered Eating
Major Criteria01

4, 5, or 6f (for 3 mo)
4, 5, or 6 (for 3 mo)
1 g (for 3 mo)
Oor7h (for 12 mo)

3 (for 3 mo)
3 (for 3 mo)
1 (for 3 mo)
1-8 (for 12 mo)

9 (for 1 2 mo)

<18

18.0-19.9

18.0-19.9

<14

14-17

14-17

3 (for 3 mo)
3 (for 3 mo)
2 (for 3 mo)

>2x/wk (for 3 mo)

<1 x/wk (for 3 mo)

<1x/wk (for 3 mo)

>2x/wk
>2x/wk
>3x/wk
>2x/wk

<lx/wk (for 3 mo)
<1 x/wk (for 3 mo)
1-2 x/wk (for 3 mo)
<2x/wk (for 3 mo)

<1x/wk (for 3 mo)
<1x/wk (for 3 mo)
1-2x/wk (for 3 mo)
<2x/wk (for 3 mo)

<2x/wk (for 3 mo)

<2x/wk (for 3 mo)

(for
(for
(for
(for

3
3
3
3

mo)
mo)
mo)
mo)

4, 5, or 6 (for 3 mo)

Disordered
Eating Minor
Criteria8

3 (for 3 mo)

3 (for 3 mo)

*DSM, Diagnostic and Statistical Manual of Mental Disorders.
b NOS-anorexic (not otherwise specified) subjects meet any 4 of the 5 criteria for anorexia but with lower scores.
c NOS-bulimic subjects meet all 3 criteria for bulimia but to a lesser degree or severity. Subjects classified as NOS-both meet NOS criteria for
anorexia and bulimia.
d Disordered eating subjects meet 2 of the 4 major criteria: absence of menstruation (amenorrhea), body composition, purging methods, or bulimic
episodes.
e Disordered eating subjects meet 2 of the 4 minor criteria.
fEDE scores can be between 0-6. Scores of 0-2 indicate more "normal" responses (for most items), a score of 3 indicate disordered eating, and
scores of 4-6 indicate greater eating disorder symptomatology.
9 1 = Attempts to lose weight or avoid weight gain because of weight or shape; 2 = attempts to lose weight or avoid weight gain for other reasons.
hO = Absence of menses for 12 months. 7 = subject is taking birth control pills.
'Anorexic, NOS-anorexic, and disordered eating subjects satisfy 1 of the 2 criteria (BMI or body fat percentage) for body composition.
jOnly 1 of the 4 purging methods listed must be used by the subject to meet classification criteria.
kDefined as >3x/wk for 30 minutes over and above scheduled team practices or competitions.
'Defined by the consumption of a large amount of food (eg, 1000 calories or more) in a very short time, with the subject experiencing a loss of
control over eating. Bulimic subjects exhibit objective episodes. NOS-bulimic or disordered eating subjects experience either objective or
subjective episodes and with less frequency.
m Defined as episodes in which the subject "feels" he or she ate too much but really ate a "normal" amount of food. Loss of control over eating
is exhibited.

questions. EDE scores can be from 0 to 6; scores of 0-2
indicated more "normal" responses (for most items), while a
score of 3 indicated disordered eating, and scores of 4 to 6
indicated greater eating disorder symptoms. For criterion 3,
dieting behavior (ie, tried to "maintain low weight"), a score of
1 was required (meaning the subject was trying to lose or
maintain weight because of shape or weight concerns). To
satisfy criterion 4, amenorrhea, subjects had to score a 0 or 7,
meaning they had no menstrual periods in 12 months or that
they were on birth control pills (score of 7). To satisfy criterion
5, body composition, subjects had to be less than 14% body fat
or have a BMI less than 18.
For bulimia nervosa, subjects had to meet 3 criteria (Table
1). To satisfy criterion 1, subjects had to report use of 1 of 4
purging methods (ie, self-induced vomiting, laxative misuse,
diuretic misuse, or intense exercising that was defined as more
than 3 times per week for 30 minutes over and above scheduled
team practices or competitions). Purging methods had to be

used at least twice per week for the past 3 months. To satisfy
criterion 2, subjects had to report objective bulimic episodes
twice per week for the past 3 months. According to Fairburn
and Wilson,21 objective bulimic episodes (commonly called
"binging") are defined by the consumption of a large amount of
food (eg, 1000 calories or more) in a very short time, with the
subject experiencing a loss of control over eating. Subjective
bulimic episodes are those in which subjects "feel" they ate too
much, but in reality the amount of food was "normal," and loss
of control also was exhibited. Finally, to satisfy criterion 3,
subjects had to score 4 to 6 on "importance of shape or weight"
(ie, how important any change in shape or weight would be in
influencing how they felt about themselves as people).
NOS-anorexic subjects had to meet any 4 of the 5 anorexia
criteria, but lower scores were required (Table 1). For criteria
1 and 2, subjects had to score 3 on questions dealing with fear
of weight gain and feelings of fatness. For criterion 3, dieting
behavior, a score of 1 was required. To satisfy criterion 4,
Journal of Athletic Training

433

amenorrhea, subjects had to score 1 through 8 (meaning they
had at least 1 menstrual period, but no more than 8 during the
last 12 months). To satisfy criterion 5, body composition,
subjects had to have 14% to 17% body fat or a BMI of 18 to
19.9.
NOS-bulimic subjects had to meet all 3 criteria for bulimia
but to a lesser degree of severity or frequency. To satisfy
criterion 1 for NOS-bulimia, purging could occur less fre
quently than twice per week for the last 3 months. To satisfy
criterion 2, objective or subjective bulimic episodes could
occur less often than twice per week for the last 3 months. To
satisfy criterion 3, subjects had to score 3 on the importance of
shape or weight. Some subjects were classified as NOS-both,
meaning they met the NOS criteria for both anorexia and
bulimia.
The American College of Sports Medicine 1 has defined
disordered eating as "a wide spectrum of harmful and often
ineffective eating behaviors used in attempts to lose weight or
achieve a lean appearance. The spectrum of behaviors ranges
in severity from restricting food intake to binging and purging,
to the DSM-IV-d&fined disorders of anorexia nervosa and
bulimia nervosa." Criteria used in classification of subjects as
disordered eating in this study were based on the DSM-III-R 18
and DSM-IV19 diagnostic criteria for an eating disorder. Dis
ordered eating subjects had to meet 2 of the 4 major criteria.
First, subjects had to display signs of amenorrhea, meaning
they had to score 9 of 12 on item 36 of the EDE (ie, they had
to have had 9 menstrual periods in the last 12 months). Second,
body composition scores had to show an abnormally low
percentage of body fat (14% to 17%) or a BMI of 18.0 to 19.9.
Third, subjects had to use purging methods (ie, self-induced
vomiting, laxative or diuretic misuse) on a regular basis (ie,
less than once per week for 3 months). Finally, bulimic
episodes (subjective or objective) had to occur on a regular
basis (ie, less than once per week for 3 months). Additionally,
to be classified as disordered eating, subjects had to respond
with 3 on at least 2 of the following minor criteria: importance
of shape or weight, fear of weight gain, feelings of fatness, and
maintaining a low weight.
Data Analyses
Item Identification. We statistically reduced a large item
pool to increase the probability of identifying highly discrimi
nant items. 25'26 The original item pool was composed of items
from 3 tests: the AMDQ (119 items), EDI-2 (91 items), and
BULIT-R (36 items). Because the EDI-2 uses only 3 of the 1 1
subscales (bulimia, drive for thinness, body dissatisfaction) for
diagnoses of anorexia or bulimia, we only included items from
these subscales (23 total) in the data analyses. Logistic regres
sion, along with item analysis techniques, were used to
determine the overall sensitivity and specificity of each screen
ing test and the value of each individual item and to compare
tests (and individual items from different tests) in terms of their
ability to identify athletes with ED/DE. Logistic regression was
selected because confounding variables can be controlled
statistically and because it is appropriate for analyses of items
on different scales of measurement (eg, 4- or 5-level Likert
questions and responses on a continuous scale, such as body
weight and age). Subjects were classified as ED/DE or OK (not
ED/DE) based on EDE interview data. A nominal response
variable based on the EDE (0 = no ED/DE, 1 = ED/DE) was
used to compare results of the screening tests.
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The tests or the best combination of items also were
evaluated for their ability to identify each of the 4 types of
ED/DE (anorexia, bulimia, NOS, disordered eating), resulting
in a multinomial response. Analyses were undertaken using
generalized logits to predict group membership. All test items
were analyzed for internal consistency with the Cronbach
coefficient a.
Item Selection. Items that were selected for analyses had to
meet all of the following 5 statistical criteria. The first was
mean separation: the mean score for ED/DE subjects on an
item had to be significantly (P < .01) greater than the mean
score for OK (not ED/DE) subjects. This value was used to
reduce the number of items (although many other items had
significant mean separation, with a P value between 1% and
5%). The second criterion was logistic regression: the item had
to be a significant predictor of ED/DE versus OK subjects in a
logistic regression model with a. set at 1%. The third was
correlation with total: the correlation of each retained item with
the total score had to be at least 0.4. The fourth criterion was
Cronbach a: each item's individual Cronbach a had to be at
least 0.85. The fifth was sensitivity and specificity: the sensi
tivity and specificity had to be "satisfactory," meaning a
sensitivity of 80% or greater and specificity of approximately
75 to 80% (criterion 5 above is essentially [1] and [2] of the
epidemiologic analyses presented below).
Epidemiologic Analyses. We conducted epidemiologic
analyses to evaluate the effectiveness of each test. These
calculations included 9 interrelated analyses: (1) sensitivity, (2)
specificity, (3) percentage of false-positives, (4) percentage of
false-negatives, (5) positive predictive value, (6) negative
predictive value, (7) yield, (8) accuracy, and (9) validity. 27"29
Sensitivity is the ability of the test to correctly classify those
with the disorder (ie, ED/DE subjects). Specificity is the ability
of the test to correctly classify those without the disorder (ie,
OK subjects). False-positives are the percentage of subjects
without the disorder who test positive. False-negatives are the
percentage of subjects with the disorder who test negative.
Positive predictive value is the probability that a person who
tests positive does have the disorder. Negative predictive value
is the probability that a person who tests negative does not have
the disorder. Yield is the number of true positives correctly
identified (ie, the proportion of true positives divided by the
total number of subjects screened). Accuracy is the degree of
agreement between the screening test and the gold standard (ie,
the EDE) for identifying true-positives and true-negatives.
Validity is the ability of a test to give a true measure: how well
it measures what it is supposed to measure. Further indications
of the validity of the 3 tests include sensitivity, specificity,
positive predictive value, and negative predictive value.
RESULTS

Epidemiologic Analyses
The response rate was 85.5%. Results for each of the 9
epidemiologic values described above for the AMDQ, EDI-2,
and BULIT-R and a combination of 26 items from all 3 tests
called the AEBSC (AMDQ, EDI-2, and BULIT-R subsets
combined) are presented in Table 2. Three different versions of
the AMDQ and the BULIT-R also are reported in Table 2, for
a total of 8 tests. The BULIT-R 1 is the 28-item version using
the scoring guidelines (cutoffs of 84 and 112) of Thelen et al. 11

Table 2. Epidemiologic Evaluation (%) of Eating Disorder Assessment Tools
AMDQ*

Sensitivity
Specificity
False-Positives
False-Negatives
Positive Predictive Value
Negative Predictive Value
Yield
Accuracy
Validity

BULITf

1

2

3

EDI-2J

-R1t

-R2

-R3

AEBSC§

80.00
77.17
22.83
20.00
65.57
87.65
28.17
78.17
57.17

80.00
75.27
24.73
20.00
63.49
87.50
27.97
76.92
55.27

82.00
79.57
20.43
18.00
68.33
89.16
28.67
80.42
61.57

64.00
74.23
25.77
36.00
56.14
80.00
21.77
70.75
38.23

26.92
98.94
1.06
73.08
93.33
70.99
9.59
73.29
25.86

69.23
78.72
21.28
30.77
64.29
82.22
24.66
75.34
47.95

69.23
77.66
22.34
30.77
63.16
82.02
24.66
74.66
46.89

70.59
73.68
26.32
29.41
59.02
82.35
24.66
72.60
44.27

*AMDQ, Athletic Milieu Direct Questionnaire. Three different versions of the AMDQ are presented. Each version of the AMDQ has a different
number of items, with some items common to all 3 tests. The AMDQ 1 has 35 items; AMDQ 2 has 19 items; and AMDQ 3 has 9 items.
fBULlT-R, Bulimia Test-Revised. The BULIT-R1 is the 28-item version using the scoring guidelines (cutoffs of 84 and 112) of Thelen et al. 11 The
BULIT-R2 is the 36-item version with a cutoff of 60, and the BULIT-R3 is the 28-item version with cutoff of 60. The cutoffs for the BULIT-R2 and
R3 were chosen by a discriminant analysis to improve sensitivity and specificity.
tEDI-2, Eating Disorder Inventory, 2nd edition.
§AEBSC = AMDQ, EDI-2, and BULIT-R subsets combined. The AEBSC has 26 items.

The BULIT-R2 is the 36-item version with a cutoff of 60, and
the BULIT-R3 is the 28-item version with cutoff of 60. The
cutoffs for the BULIT-R2 and R3 were chosen by a discrimi
nant analysis to maximize sensitivity and specificity.
Sensitivity (criterion 5) was highest for the 3 AMDQ subsets
(80% to 82%), lower for the EDI-2 (64%), and lowest for the
BULIT-R 1 (27%). Only the 3 AMDQ tests met criterion 5 for
sensitivity (> 80%). In contrast, the AEBSC and BULIT-R2
and R3 have values that are moderately high but below the
criterion (70%), while the EDI-2 and BULIT-R 1 were far
below the criterion (64% and 27%, respectively). More spe
cifically, when AMDQ subset 2 was used, 80% (n = 40) of
ED/DE subjects were correctly classified, and 10 ED/DE
subjects were misclassified as OK (false-negatives) (Table 3).
Of the 10 ED/DE subjects who were misclassified, 1 was
bulimic, 1 was NOS, and 8 exhibited disordered eating. In
contrast, when the BULIT-R1 was used, only 27% (n = 14) of
ED/DE subjects were correctly classified, and 38 ED/DE
subjects were misclassified as OK. Of the 38 misclassified
subjects, 1 was anorexic, 7 were bulimic, 4 were NOS, and 26
exhibited disordered eating.

Specificity values (criterion 5) for all 8 tests were high (74%
to 99%) and 5 tests met criterion 5 for specificity (approxi
mately 75% to 80%). These tests included the 3 AMDQ tests,
the BULIT-R2, and R3. The values for the EDI-2 and AEBSC
(74%) were just under the criterion. The BULIT-R 1 (99%)
exceeded the criterion; however, it was accompanied by a high
false-negative value (73%) and a low false-positive value (1 %)
(Table 1).
The false-positive value was highest for the EDI-2, AEBSC,
and AMDQ subset 2 (25% to 26%) and lowest for the
BULIT-R1 (1%). The other tests varied between 20% (AMDQ
subset 3) and 23% (AMDQ subset 1). False-positive values for
all 8 tests were acceptable; however, a false-positive value of
1% for the BULIT-R 1 is not likely to be accurate and is
probably due to the extremely high specificity (99%) of this
test.
False-negative values were highest for the BULIT-R 1
(73%), with moderately high values for the EDI-2 (36%),
BULIT-R2 (31%), BULIT-R3 (31%), and AEBSC (29%). The
lowest false-negative values were for the 3 AMDQ subsets
(18% to 20%). Because of the seriousness of eating disorders,

Table 3. Sensitivity of Screening Tests by ED/DE Classification
Frequency (%)

AMDQ 1
AMDQ 2
AMDQ 3
EDI-2
BULIT-R1
BULIT-R2
BULIT-R3
AEBSC
Total

Anorexia Nervosa

Bulimia Nervosa

Not Otherwise Specified

Eating Disordered

1 (100)
1 (100)
1 (100)
1 (100)
0(0)
1 (100)
1 (100)
1 (100)

1 2 (92)
12(92)
12(92)
10(77)
6(46)
12(92)
12(92)
10(77)
13

3(75)
3(75)
3(75)
3(75)
0(0)
3(75)
3(75)
3(75)
4

16(89)
16(89)
15(83)
14(78)
6(33)
16(89)
16(89)
14(78)
18

1

Disordered Eating
24* (75)
24* (75)
25* (78)
18* (56)
8 (23)
20 (59)
20 (59)
22f (67)
34

Sensitivity
40 (80)
40 (80)
41 (82)
32 (64)
14(27t)
36 (69t)
36 (69*)
36(71§)
50

Note: AMDQ, Athletic Milieu Direct Questionnaire; EDI-2, Eating Disorder Inventory, 2nd edition; BULIT-R, Bulimia Test-Revised; AEBSC, AMDQ,
EDI-2, and BULIT-R subsets combined resulted in 3 different versions of the AMDQ. Each version of the AMDQ has a different number of items,
with some items common to all 3 tests. The AMDQ 1 has 35 items; AMDQ 2 has 19 items; and AMDQ 3 has 9 items. The BULIT-R1 is the 28-item
version using Thelen et al (BULIT-R author) scoring guidelines (cutoffs of 84 and 112). The BULIT-R2 is the 36-item version with a cutoff of 60,
and the BULIT-R3 is the 28-item version with cutoff of 60. The cutoffs for the BULIT-R2 and R3 were chosen by a discriminant analysis to improve
sensitivity and specificity. The AEBSC is the AMDQ, EDI-2, and BULIT-R subsets combined (26 items total).
*Frequency missing — 2; fFrequency missing = 1; tTotal number of items = 52; §Total number of items = 51.
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a lower false-negative value is desirable in a screening test.
The 3 AMDQ tests had the lowest false-negative values (18%
to 20%). The BULIT-R3 and AEBSC values (31% and 29%,
respectively) are questionable in terms of acceptability, and the
EDI-2 value (36%) and BULIT-R1 value (73%) are unaccept
able.
Positive predictive value was highest for the BULIT-R1
(93%) and lowest for the EDI-2 (56%). Positive predictive
values for the other tests, including the AMDQ, were compa
rable (63% to 68%). Positive predictive values for all tests
were acceptable, except for the EDI-2. However, the high
positive predictive value of the BULIT-R1 is misleading and
not necessarily desirable because this test also had the lowest
negative predictive value (71%), which is of greater concern
when screening for eating disorders.
Negative predictive value was highest for the 3 AMDQ
subsets (88% to 89%) and lowest for the BULIT-R1 (71%).
The EDI-2, BULIT-R2, BULIT-R3, and AEBSC tests all had
similar values (80% to 82%). When screening for eating
disorders, higher negative predictive values are desirable.
Therefore, negative predictive values for the 3 AMDQ tests
were preferable to the values for the other 5 tests.
Yield was highest for the 3 AMDQ subsets (28% to 29%)
and lowest for the BULIT-R1 (10%). The EDI-2, BULIT-R2,
BULIT-R3, and AEBSC had comparable values (22% to 25%).
Yields for the 3 AMDQ tests were preferable to yields for the
other 5 tests. The highest yield possible for ED/DE subjects (ie,
the maximum ED/DE yield) is 34.90% (52/149; 52 ED/DE or
true-positive subjects were identified by the EDE of 149 total
subjects). Percentage of total maximum yield for the AMDQ
tests was 80.14 to 82.15 (AMDQ yield/maximum ED/DE
yield; 27.97/34.90 = 80.14; 28.67/34.90 = 82.15), meaning
the AMDQ correctly identified approximately 4 of every 5
persons who were truly ED/DE.
Accuracy in identification of true-positives and truenegatives was highest for the 3 AMDQ subsets (77% to 80%)
and lowest for the EDI-2, BULIT-R1, and AEBSC (71% to
73%). Accuracy for the 3 AMDQ tests was preferable to that of
the other 5 tests.
Validity was highest for the 3 AMDQ subsets (55% to 62%)
and lowest for the BULIT-R1 (26%) and EDI-2 (38%). The
AEBSC, BULIT-R2, and BULIT-R3 had comparable values
(44% to 48%). Validity for the 3 AMDQ tests was preferable
to that of the other 5 tests.
AMDQ Subset Analyses
Initial Analyses. A total of 51 items were significant
(P = .01) on both the mean separation t tests and the logistic
regression analyses (criteria 1 and 2). Another 23 items were
significant (P = .05) on both mean separation and logistic
regression. These 23 items were not considered in the latter 3
analyses.
Using the 51 AMDQ items that were significant for criteria
1 and 2, several equally good subsets of AMDQ items
potentially meet all 5 criteria. Two examples of such subsets
and the corresponding analyses associated with each subset
follow. Also included is a third subset, AMDQ subset 3, which
did exceptionally well on criterion 5 but does not meet criteria
3 and 4, largely due to its small item set (only 9 items).
AMDQ Subset 1 (35 Items). Correlations with total and
Cronbach a (criteria 3 and 4) were both used to demonstrate
internal consistency of test items. Most of these items (32/35)
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met criterion 3, having a correlation with the total of 0.40 or
above; 3 items were slightly below. Cronbach a values were all
above 0.85 (criterion 4), and the average Cronbach a for raw
and standardized variables was 0.9401 and 0.9441, respec
tively. Raw variables represent actual values of subjects'
responses on items. Standardized variables represent values
adjusted to a uniform scale of measurement. Based on criteria
3 and 4, 32 of 35 items in AMDQ subset 1 met the criteria for
inclusion in the item pool.
AMDQ Subset 2 (19 Items). Most of these items (18/19)
met criterion 3, having a correlation with the total of 0.40 or
above; 1 item was slightly below. Cronbach a values were all
above 0.85 (criterion 4), and the average Cronbach a for raw
and standardized variables was 0.9043 and 0.9161, respec
tively. Based on criteria 3 and 4, 18 of 19 items in AMDQ
subset 2 met the criteria for inclusion in the item pool.
AMDQ Item Subset 3 (9 Items). One third of these items
did not meet criterion 3, having a correlation with the total of
0.40 or above. None of the Cronbach a values met criterion 4
of 0.85 or above. The average Cronbach a for raw and
standardized variables was 0.7587 and 0.7706, respectively.
Based on criteria 3 and 4, none of the items in AMDQ subset
3 met the criteria for inclusion in the item pool. This subset,
however, had the highest sensitivity and specificity (82% and
79.6%, respectively) of any subset. Therefore, fewer subjects
were misclassified with this subset. Cronbach a and item
correlations with the total, however, were low. The high
sensitivity and specificity of this small item set may reflect an
artificially high performance of these items for the current
subjects that is unlikely to generalize to other athlete popula
tions because of the lower than acceptable correlations with the
total and Cronbach a. These items would be better used as part
of a larger item pool, such as the AMDQ subset 1 or 2.
EDI-2 Analyses
Initial Analyses. A total of 15 of 23 diagnostic subscale
items were significant (P = .01) on both mean separation and
logistic regression (criteria 1 and 2). The remaining 8 items
were dropped from the item pool, although they were included
in the analyses for criteria 3 through 5. Items not meeting
criteria 1 and 2 were predominantly from the bulimia subscale
(6/7), although 2 items were from the drive-for-thinness
subscale. In other words, only 1 of 7 items from the bulimia
subscale met criteria 1 and 2 for inclusion in the item pool.
The results for criteria 3 and 4 for the EDI-2 diagnostic
subscales are presented below. The results for all 3 subscales
are combined and then presented separately.
Three Diagnostic Subscales Combined (23 Items). When
all diagnostic subscale items were analyzed as a group, 21 of
the 23 items met criterion 3, having a correlation with the total
of 0.40 or above (using standardized variables); 1 on the drivefor-thinness subscale and 1 on the bulimia subscale did not
meet the criterion. Cronbach a values were all above 0.85
(criterion 4), and the average Cronbach a for raw and stan
dardized variables was 0.9282 and 0.9246, respectively. When
all 3 diagnostic subscales were combined for analysis, 21 of 23
EDI-2 items met criteria 3 and 4 for inclusion in the item pool.
Bulimia Subscale (7 Items). All of these items met criterion
3, having a correlation with the total of 0.40 or above. Cronbach
a. values were all below 0.85 (criterion 4) using raw variables, and
only 2 items met the criterion using standardized variables. The
average Cronbach a for raw and standardized variables was

0.8252 and 0.8483, respectively. Based on criteria 3 and 4, only 1
of 7 items from the bulimia subscale of the EDI-2 met the criteria
for inclusion in the item pool.
Body Dissatisfaction Subscale (9 Items). All of these items
met criterion 3, having a correlation with the total of 0.40 or
above, and all items had Cronbach a values above 0.85
(criterion 4). The average Cronbach a for raw and standardized
variables was 0.9253 and 0.9258, respectively. Based on
criteria 3 and 4, all 9 items on the body dissatisfaction
diagnostic subscale of the EDI-2 met the criteria for inclusion
in the item pool.
Drive-for-Thinness Subscale (7 Items). Most of these
items (6/7) met criterion 3, having a correlation with the total
of 0.40. The majority of Cronbach a values (5/7) were all
above 0.85 (criterion 4). The average Cronbach a for raw and
standardized variables was 0.8804 and 0.8767, respectively.
Based on criteria 3 and 4, 5 of 7 items on the drive-for-thinness
diagnostic subscale of the EDI-2 met the criteria for inclusion
in the item pool.
BULIT-R

Initial Analyses. A total of 29 of 36 items were significant
(P = .01) on both mean separation and logistic regression
(criteria 1 and 2). The remaining 7 items were dropped from
the item pool, although they were included in the analyses for
criteria 3 through 5.
As Table 1 indicates, the primary difference between the 3
versions of the BULIT-R tests is the scoring method. There
fore, we analyzed all 36 BULIT-R items as a group for
comparison with criteria 3 and 4.
BULIT-R (36 Items). Five of the 36 items did not meet
criterion 3, having a correlation with the total of 0.40 or above,
and were dropped from the item pool. Cronbach a values were
all above 0.85 (criterion 4), and the average Cronbach a for
raw and standardized variables was 0.9514 and 0.9501, respec
tively. Based on criteria 3 and 4, 31 of 36 BULIT-R items met
the criteria for inclusion in the item pool.
AEBSC Subset (26 Items)

This subset included a total of 26 items: 9 from the AMDQ,
9 from the EDI-2, and 8 from the BULIT-R. All of these items
were significant (P = .01) on both criteria 1 and 2 (mean
separation and logistic regression). Additionally, all items met
criterion 3, having a correlation with the total of 0.40 or above
and all Cronbach a values were above 0.85 (criterion 4). The
average Cronbach a for raw and standardized variables was
0.9548 and 0.9580, respectively. Based on criteria 3 and 4, all
of the items in the AEBSC subset met the criteria for inclusion
in the item pool.
DISCUSSION

The purpose of our study was to develop a screening test
specifically for female college athletes with ED/DE. Six major
conclusions can be drawn from the results of this study. First,
the results supported the hypothesis that the AMDQ more
accurately screened eating disorders and disordered eating
among female college athletes than the EDI-2 or BULIT-R and
established that the AMDQ subsets were more discriminating
than any combination of items from all 3 tests. This finding
confirms that a screening test such as the AMDQ, which is

specifically intended for the athletic population, is required.
The AMDQ subsets produced superior results for sensitivity
(81%), false-negatives (19%) positive predictive value (66%),
negative predictive value (88%), yield (28%), accuracy (79%),
and validity (58%) than commercial tests not normed for
athletes (Table 2), while maintaining acceptable values for
specificity (77%) and false-positives (23%).
Second, the AMDQ subsets were the only tests that met
criterion 5 for sensitivity. The AMDQ subsets correctly clas
sified 80% to 82% of ED/DE subjects (sensitivity) and 75 to
80% of OK subjects (specificity) (Tables 2 and 3). In contrast,
the 2 valid commercial eating disorder tests correctly classified
only 64% and 70% of ED/DE subjects and 74% and 78% of
OK subjects (EDI-29 and BULIT-R, 11 respectively), while the
combined test (AEBSC) correctly classified 71% and 74%,
respectively. It should be noted, however, that the BULITR 10- 11 was designed to screen only for bulimia, and the EDI-2
and BULIT-R were not designed to screen for NOS or
disordered eating. The use of the AMDQ with a population of
1000 ED/DE female college athletes who are truly positive for
an ED/DE would theoretically result in correct classification of
4 of every 5 (80%, n = 800) athletes, which is superior to the
sensitivity achieved using the EDI-2 (64%, n = 640) or
BULIT-R (69%, n = 690). Additionally, if a second screening
were conducted using different versions of the AMDQ, the
number of subjects correctly classified as ED/DE would
improve (ie, sensitivity and specificity would increase).
Third, a large percentage of ED/DE subjects were identified
in this study, which suggests that ED/DE are serious problems
for female college athletes. A total of 35% of the sample was
at risk (disordered eating) or had a definite problem (eating
disordered) as determined by the EDE diagnostic interview. A
higher prevalence of bulimia (25% of the 52 ED/DE subjects,
n = 13, and 8.72% of the total sample) than anorexia (2% of
ED/DE subjects, n = 1) was noted. Also, a large number of
subjects met the criteria for disordered eating (n = 34, 65.38%
of ED/DE subjects and 22.82% of the total sample) and 4 (8%
of ED/DE subjects) met NOS criteria. These findings are
consistent with prior prevalence studies of college stu
dents,30 "32 but our ED/DE percentage (35%) was higher than
that found in 1 study of college athletes, 33 which focused only
on anorexia and bulimia and noted an eating disorder preva
lence of 25% among 695 college athletes. Many of the athletes
who participated in our study appear to be at risk for future
development of an eating disorder, and the eating behaviors
and attitudes that were most prevalent were consistent with
bulimia rather than anorexia. This is an important consider
ation for all support personnel closely affiliated with athletes
because bulimia tends to be more difficult to detect, especially
for someone not trained in the recognition and treatment of
eating disorders. This study also provides the first operational
definition of disordered eating, which is important in order to
advance the field conceptually and empirically.
Fourth, it is noteworthy that all 3 AMDQ subsets met all 5
inclusion criteria. In contrast, the 2 validated published eating
disorder tests each had several items that fell short on 1 or more
inclusion criteria. For example, of the 3 diagnostic subscales of
the EDI-2 (23 items), 8 items did not meet all 5 inclusion
criteria (2 from the drive-for-thinness subscale, 6 from the
bulimia subscale). Similarly, of 36 BULIT-R items, 7 did not
meet all 5 inclusion criteria. All AEBSC items met criteria 1
through 4 but fell slightly short on criterion 5 (sensitivity and
specificity).
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Fifth, although we reported results for only 3 AMDQ
subsets, many additional possible combinations of items could
potentially produce similar results. In addition to the 51
AMDQ items that met all 5 statistical criteria, another 23
would be potentially acceptable for retention in the item pool
after rewording the questions or changing the response options,
or both. An additional advantage to the AMDQ over the
current tests is its use in screening not only for anorexia and
bulimia but also screening for NOS and disordered eating
(which current tests do not consider). Further analysis of EDI-2
and BULIT-R items that did not discriminate well (ie, did not
meet all 5 statistical criteria) may be beneficial if a common
theme can be determined to explain why they did not perform
well as discriminators and if they can be modified after
psychometric testing.
Finally, the research literature suggests that the prevalence
of ED/DE is highest in sports emphasizing low body weight
and leanness. 1 This study also supports this conclusion, but
ED/DE subjects were observed in every sport sampled except
basketball and softball. Of the 13 bulimic athletes, 3 were
involved in cheerleading, 3 in a dance company, 1 in modern
dance, 1 in golf, 4 in swimming, and 1 in track. The anorexic
athlete was in the dance company, and the 4 NOS subjects
were involved (1 each) in cheerleading, gymnastics, swim
ming, and track. Disordered eating subjects were found in
every sport except basketball and softball.
Three potential limitations existed in the study. First, the
internal validity of the study might be questioned if subjects
were not truthful in their responses to test or interview
questions. The AMDQ underwent substantial pilot testing
before we conducted our study to evaluate whether each item
would produce a response bias. Response bias was an issue for
only 9 of the 119 AMDQ items; all 9 items were revised based
on the athletes' comments. Additionally, measures were taken
to encourage truthful responding. Coaches were excluded from
the study, and all subjects were guaranteed confidentiality and
were assured that the data would be shared with no one
(specifically coaches, athletic trainers, teammates, or parents),
except for the research team. Observationally, subjects were
open and candid in responses to interview questions, and many
provided valuable, unsolicited comments regarding concerns
about their eating habits and specific behaviors. Second,
content validity might be questioned if the AMDQ did not
adequately reflect the categories of ED/DE. AMDQ items,
however, were developed based on DSM-III-R^ and DSM-IV19
diagnostic criteria for eating disorders and the research litera
ture regarding the athletic milieu. 14 ~17'22'23'33"38 Additionally,
3 experts specializing in the area of eating disorders and
athletes evaluated content validity of the AMDQ during the
pilot test, and content validity was within psychometric stan
dards. Third, results of this study may not be generalizable to
all other female college athletes because we included female
college athletes from only 1 major university. A national study
using female college athletes from many representative univer
sities in combination with the EDE interview is recommended
to further verify use of the AMDQ subsets with other univer
sities nationwide.
Future research with the AMDQ subsets that met statistical
criteria in this study is recommended for 2 primary reasons.
First, because this study and others 12' 13 have shown that
published eating-disorder tests (ie, EDI-2, BULIT-R, EAT) are
not accurate or suitable for comprehensive screening of ath
letes, the magnitude of the problem of ED/DE in female
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college athletes nationwide needs to be verified. Prior preva
lence studies indicate that athletes are 2 to 3 times more likely
than nonathletes (eg, general population and college students)
to manifest characteristics of eating disorders. 2 These data also
suggest that approximately 3.0% of athletes meet the medical
criteria for anorexia and 21.5% meet the criteria for bulimia. 2
Based on a figure of 352000 athletes in American colleges
and universities, 39'40 this translates to an estimated projec
tion of approximately 10560 athletes nationally who exhibit
symptoms of anorexia and 75 680 who exhibit symptoms of
bulimia. These estimates are conservative because a less
stringent category, NOS, was not considered, nor was
disordered eating.
Second, early detection of eating problems in athletes using
an athlete-specific test, such as the AMDQ, is a high priority
because of medical problems that accompany eating disorders.
A recent survey (W. Wooten, unpublished communication,
1990) indicated that eating disorders are the third leading cause
of morbidity among college students, preceded by depression
and substance abuse. Potential adverse medical complications
from eating disorders include amenorrhea, bradycardia, dental
erosion, dehydration, electrolyte abnormalities, hypotension,
hypothermia, and swollen salivary glands. 7 Another significant
problem is unrecoverable bone loss (osteoporosis) associated
with being underweight and the cessation of menses.41 "44
Anorexic athletes have the bone density of senescent women 3
to 4 times older, and there are no current methods to restore
bone loss.41" 44 Other potential problems of special concern to
athletes include diminished muscle power and endurance due
to reduced protein synthesis and inadequate glycogen and fluid
stores. Dehydration, Benardot et al45 contended, also is com
monly found in anorexic and bulimic individuals due to
restricted food intake or the use of self-induced vomiting,
laxatives, or diuretics, or a combination of these practices.
Attempting to train in a chronically dehydrated state will not
only decrease performance but may lead to acute complica
tions, such as heat exhaustion or heat stroke. The personal
effects of these medical signs and symptoms of eating disor
ders may be underestimated by athletes.
Unsolicited comments from our subjects indicated that
athletes felt pressure from coaches to lose weight, often with
little or no guidance regarding how to do so (or how to lose
weight in a healthy, safe way). Interviews suggested that
subjects also were misinformed about such topics as weight
management, the role of food and body weight in sport
performance, and basic nutrition. The athletes were eager to
learn more about nutrition and, as such, are an excellent target
population for nutrition education and for nutrition studies
focusing on performance, total caloric intake, and energy
expenditure. Athletes in 1 study45 believed that diet makes
little difference, disordered-eating practices are harmless, and
losing weight, regardless of method, enhances performance.
Athletes need education about the impact of inadequate caloric
intake and disordered-eating practices on athletic performance
and health (eg, problems resulting from depletion of muscle
glycogen, dehydration, loss of muscle mass, hypoglycemia,
electrolyte disturbances, anemia, osteoporosis, and amenor
rhea). 7'41-45
Seven specific recommendations for athletic trainers from
the research literature 14 " 17'46'47 include the following. First,
objective goals should be set with the athlete to determine an
optimal range for individual body fat, as opposed to setting
weight goals based on appearance, standards, or tables that do

not account for individual differences (eg, height/weight ta
bles), or body weight, which does not account for muscle mass.
Second, the use of rapid weight-loss methods should be
discouraged, and weight-loss programs, when indicated,
should be initiated well before the season begins, so that
gradual loss of body fat (as opposed to the loss of muscle mass
and body water that occurs with crash diets) can occur. Third,
nutritional guidance should be provided. Athletic trainers and
coaches should not tell athletes to lose weight without also
providing sound nutritional guidance on how to do so. Referral
of athletes to a registered dietitian for such guidance is
recommended. Fourth, dietary intervention should focus on
providing adequate calories to support basic needs and the
demands of the sport. Nutrient-dense foods, such as complex
carbohydrates, should provide most of the calories (55% to
70%), and protein sources should be high in biologic value (ie,
animal as opposed to vegetable protein). Athletes in general,
but especially those trying to reduce weight, must be encour
aged to regularly replace fluids (2 cups of fluid for every 0.45
kg [1 Ib] lost during exercise). Female athletes need to be
educated about healthy food choices that provide adequate
intake of iron and calcium. Fifth, weigh-ins and measurement
of body composition should be private to reduce the stress,
anxiety, and embarrassment of public assessment. Athletic
trainers, coaches, and parents must be aware that their com
ments and opinions regarding body weight can strongly influ
ence, even trigger, the development of an eating problem in
some athletes. Sixth, athletic trainers need to be familiar with
ED/DE symptoms and should talk to any athlete who exhibits
a problem. Athletes should not be punished or dismissed from
the team because of eating problems or the existence of an
eating disorder, but professional counseling should be recom
mended. Finally, the AMDQ subsets (available from the
authors) that met statistical criteria in this study could be used
to screen for ED/DE, so that the emphasis is on prevention. By
identifying the potential problems at earlier, less severe stages,
(ie, NOS or disordered eating), we may be able to prevent the
progression to an eating disorder (anorexia or bulimia). In fact,
the AMDQ could be used as part of a total process to identify
potential athletes with ED/DE. The initial step, of course,
would be to administer the AMDQ. The next step would be
either to retest (with the same test) those athletes who were
positive for an ED/DE or to use an alternate form of the
screening test for evaluation. The last step would be to have a
trained professional verify those who tested positive. Athletic
trainers are a pivotal and integral part of the screening, referral,
and rehabilitation process.
In summary, an important step has been taken to develop a
screening test for at-risk female athletes at the collegiate level.
Clearly, a test is needed because ED/DEs are pandemic
worldwide. Early detection (eg, identification of athletes at the
disordered eating or NOS stage) is a salient priority so that
appropriate prevention initiatives can be introduced, athletes
can be returned to healthy competition, and ED/DE prevalence
can be reduced.
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Consistency of Learning Styles of
Undergraduate Athletic Training
Students in the Traditional Classroom
versus the Clinical Setting
Cheryl A. Coker, PhD
New Mexico State University, Las Cruces, NM
Objective: To examine the learning styles of undergraduate
athletic training students to determine their consistency in
traditional classroom versus clinical settings.
Design and Setting: Subjects completed the Learning
Styles Inventory twice, once focusing on learning new informa
tion in the classroom and the other focusing on learning new
information in the clinical setting. The order of focus regarding
setting (classroom or clinical) was counterbalanced across
subjects.
Subjects: A total of 26 undergraduate athletic training stu
dents from a Committee on the Accreditation of Allied Health
Education Programs accredited athletic training education pro
gram (16 women and 10 men; mean age, 24.42 ± 6.44 years)
who were currently assigned to a clinical practicum as part of
their academic program served as subjects.
Measurements: I performed 4 paired t tests, 1 for each
learning mode, to determine if differences existed between the
classroom and clinical settings. The percentage of respondents
whose learning styles changed across settings was also calcu
lated.

I

ncorporating teaching strategies that accommodate individ
ual learning styles has consistently resulted in significant
improvement in student achievement in the traditional
classroom setting. 1"3 To date, however, the concept of individ
ual learning styles has received little attention in athletic
training education.4'5 Given the positive results found when
teaching styles correspond to individual learning styles, this
same strategy may be effective in athletic training education.
However, before these ideas are incorporated into the athletic
training curriculum, it is necessary to examine the uniqueness
of the learning environment in athletic training education.
Athletic training education combines traditional classroom
learning with clinical experiences. The clinical or experiential
environment and the traditional classroom or didactic setting,
however, are very distinct.6 In the classroom setting, criterion
tasks can only be simulated at best, while the clinical setting is
designed to provide real-life experiences. Consequently, the
preferred way in which students process information may be
quite different in these 2 settings (classroom versus clinical).
Address correspondence to Cheryl A. Coker, PhD, Department of
PERD, Box 30001, New Mexico State University, Las Cruces, NM
88003. E-mail address: ccoker@nmsu.edu

Results: The paired t tests revealed a significant difference
between the Reflective Observation and Active Experimenta
tion modes across settings. In addition, 58% of respondents'
learning styles changed according to setting focus.
Conclusions: It appears that learning styles do indeed shift,
depending on the domain through which an individual is
learning. Consequently, teaching strategies incorporated in 1
setting may not be equally effective in the other setting. Each
learning setting should, therefore, be treated separately in order
to accommodate individual learning styles and maximize learn
ing achievement. Furthermore, if learning styles are to be
considered when designing athletic training education, these
findings indicate that in order to ensure the validity of the
resulting learning style profile, it may be necessary to provide
the respondent with a specific focus, either that of a classroom
or clinical setting, before completing the Learning Styles Inven
tory.
Key Words: learning style profile, clinical education, athletic
training education, teaching strategies, Learning Styles Inven
tory administration

As a result, determining the consistency of an individual's
learning style across these 2 distinct learning environments
may be important.
Previously, learning styles were thought to remain consis
tent. In fact, Copenhaver7 examined the consistency of learning
style for high school students in English and mathematics. The
results showed that students tended to prefer the same learning
approach. In addition, after analyzing a number of definitions
of learning styles, Satterly and Brimer8 concurred in their
statement, "all suggest that people behave in a typical way
across a variety of tasks." Gieger and Pinto' s9 results from a
3-year longitudinal study that examined learning style consis
tency across time, however, offered mixed results. Kolb's 10
Learning Styles Inventory (LSI) was administered once per
year for 3 years to 40 undergraduate business students. No
significant changes in learning mode were noted over the
3-year period. Learning style classification, however, did
change significantly. Interestingly, results for the first and
second test administration indicated high stability, suggesting
that subjects exhibited changes in their learning styles during
the second year of the study. The authors suggested that
although there was a statistically significant difference in
learning style, from a practical standpoint the actual change
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may be marginal because no significant difference was found
for learning modes. Smith 11 proposed that the consistency of
learning preferences may depend on "the nature of the subject
matter being studied." This was found to be the case when the
preferred learning modes of elite throwers (ages 19 to 35 years)
competing at the 1993 Canadian Track and Field Team trials
were compared across cognitive and motor settings. 12 It was
hypothesized that an individual's preferred perceptual mode
may be different when learning a motor skill versus a more
cognitive task. A significant difference in learning style was
found when learning a cognitive task (traditional classroom)
versus a motor task (learning a motor skill) using Kolb's LSI, 13
suggesting that one's preferred learning mode may indeed shift
according to the learning environment.
Given the extensive experiential nature of the clinical setting
in athletic training, a shift in an individual's preferred learning
mode and subsequent learning style may also occur when
compared with the traditional classroom setting. As a result,
the purpose of this study was to examine the learning modes
and subsequent learning styles of undergraduate athletic train
ing students to determine their consistency across traditional
classroom versus clinical settings.
METHODS

Subjects
Sixteen female and 10 male undergraduate athletic training
students (mean age, 24.42 ± 6.44 years) who were currently
assigned to a clinical practicum as part of their academic
program served as subjects. The level of exposure to clinical
instruction at the time of test administration ranged from
approximately 90 to 940 hours (mean, 435.2 hours). All
subjects signed informed consent forms, and the university's
human subjects committee approved the experimental proce
dures.
Instrument
The LSI was designed to identify 4 learning types according
to the perceptual and processing preferences of adults. 13 It is a
self-reported inventory composed of 12 simple-sentence com
pletion items that require respondents to rank order 4 sentence
endings that correspond with 4 learning modes: Reflective
Observation (RO, watching), Concrete Experience (CE, feel
ing), Abstract Conceptualization (AC, thinking), and Active
Experimentation (AE, doing). These learning modes make up
a 4-stage cycle of learning that is initiated with concrete
experiences, which then form the basis for observation and
reflection. The observations are then assimilated into concepts
that serve as guides in creating new experiences. Kolb's 13
experiential learning theory suggests that the successful learner
will use all 4 modes of learning (Figure 1). Therefore, scores
indicate how much respondents rely on each learning mode and
often reveal a modal strength.
In addition to measuring an individual's preference for the 4
learning modes, the extent to which the respondent prefers
abstractness over concreteness and action over reflection is
determined through 2 combination scores, calculated by sub
tracting CE from AC and RO from AE, respectively. These
combined scores describe which learning style type (con
verger, diverger, assimilator, or accommodator) best describes
the respondent (Table 1).
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The Experiential Learning Model
Concrete experience

Testing implications
of concepts in new
situations

Observations
and reflections

Formation of abstract
concepts and generalizations
Figure 1. Experiential learning cycle. 10
Table 1. Characteristics of Kolb's13 4 Learning Style Types
Learning Style

Characteristics

Converger

Good at finding practical uses for ideas and theories
Good at problem solving
Prefers technical tasks and problem solving to social
and interpersonal issues
Diverger
Good at viewing situations from many angles
Prefers to observe and gather information before
taking action
Enjoys brainstorming
Assimilator
Good at grasping a wide range of information and
putting into concise, logical form
Interested in abstract ideas and concepts
Feels that it is more important that a theory have
logical soundness than practical value
Accommodator Enjoys hands-on experiences
Enjoys new and challenging experiences
Tends to act on "gut" feelings versus logical analysis
Relies on people versus analysis

Reliability of Instrument
According to Cronbach's a scale (n = 268), the 4 basic
scales (CE, 0.82; RO, 0.73; AC, 0.83; AE, 0.78) and 2
combined scores (AC-CE = 0.88; AE-RO = 0.81) of the LSI
have all shown good internal reliability. 13 Gieger and Pinto9
also reported reliability coefficients above 0.75 for all learning
attributes across 3 administrations of the instrument and
indicated that the LSI was measuring the individuals' learning
attributes with fair reliability.
Although concerns were levied against the test-retest reli
ability of the 1976 version of the LSI, test-retest indexes
ranging from 0.42 to 0.60 indicate improvements with the 1985
revision. While these coefficients are approaching acceptable
levels, some concern still exists as to potential psychometric
limitations. Several arguments against dismissing the LSI as a
viable testing instrument, however, should be considered. First,
despite criticisms, the LSI continues to be 1 of the most widely
used learning style inventories in current research. 14 Second,
Gieger and Pinto,9 who examined learning style consistency
over time (3 years), found high stability from the first to the
second administration. Finally, it is unclear if the test-retest
reliability results are a function of the inventory's instructions.
The instructions given to respondents are as follows: "Try to
recall some recent situation where you had to learn something
new, perhaps in your job." These instructions allow the

Table 2. Means and Standard Deviations for Each Learning Mode
and Setting
Setting

Mean

Class
Clinical
Class
Watching (Reflective Observation)
Clinical
Thinking (Abstract Conceptualization) Class
Clinical
Class
Doing (Active Experimentation)
Clinical

20.77
21.35
34.42
30.04
31.69
30.27
33.12
38.81

Mode
Feeling (Concrete Experience)

SD

t Value

.523
4.22
5.34
7.61 -3.293*
7.28
-.963
7.72
7.23
3.663*
7.60
6.23

*P < .05.

respondent to choose the learning situation to be used as a
reference when ranking the 4 sentence endings. Given that
most test-retest reliability data are collected over 3- to 6-month
intervals in order to eliminate a possible interference effect
from memory, it cannot be stated with any certainty that the
respondent is using the same learning situation reference on
both occasions. This notion is supported by Kolb, 10 who
suggested that an individual's interpretation of a situation
should influence the mode he or she uses to some degree and
that test-retest reliability coefficients would, therefore, be less
than 1.0 even if the LSI had no measurement error. By
providing respondents with a specific focus in this study, this
concern should be reduced.
Procedure
The test was administered to subjects 1 month into the spring
semester during their clinical practicum seminar class. Each
subject completed the test twice and was instructed to answer
the questions as if either learning something new in the
classroom or learning something new in the clinical setting.
Immediately after the first test was completed, each subject
changed focus and retook the test. The order of focus regarding
setting (classroom or clinical) was counterbalanced across
subjects.
Each respondent's total score for each of the 4 modes was
determined by adding the rankings for the 12 sentence com
pletions. The higher total indicated the respondent's mode
preference. Combined scores for the AC-CE and AE-RO scales
were then calculated to determine subjects' learning styles
(converger, diverger, assimilator, or accommodator) in each
setting (class versus clinical). In order to determine if differ
ences existed between the 2 settings (classroom and clinical), 4
paired t tests were performed (P < .05), 1 for each learning
mode. In addition, the percentage of respondents whose learn
ing styles were not identical for both settings was determined.
100
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Figure 2. Percentage of respondents categorized in each learning
style.

RESULTS

Means and standard deviations for each learning mode and
setting are illustrated in Table 2. The results of the t tests
indicated a significant difference in modal preference across
settings (classroom versus clinical) for the modes of RO (t =
-3.29, P < .05) and AE (t = 3.66, P < .05), respectively.
Examination of the means indicated that the preferred mode in
the classroom was RO, whereas AE was more prevalent in the
clinical setting. Differences were not statistically significant
for the CE and AC modes. Furthermore, 58% of respondents
(n = 15) switched learning style according to setting focus
(classroom versus clinical).
Learning profiles for the classroom setting focus revealed
the predominant learning style to be that of assimilators
(65.4%), followed by convergers (15.4%). The predominant
learning style for the clinical setting focus differed, with 42.3%
of respondents categorized as convergers, followed by 30.8%
accommodators (Figure 2).
DISCUSSION

These results offer support for the notion that learning style
consistency may depend on the learning environment. 12 Coker 12
examined learning style consistency, comparing classroom and
motor skill learning. Similarly, learning style consistency for 2
distinctly different learning environments, classroom and clinical
(experiential and hands on), was examined in this study. In
contrast, Copenhaver's7 study, which found learning styles to be
stable across English and mathematics, only explored 1 learning
environment, the classroom. Consequently, the discrepancies in
the literature may be attributed to slight differences in experimen
tal focus.
In addition, a critical look at the administrative instructions
of the LSI may provide a rationale for the contradictions in the
literature and the test-retest reliability issue. The LSI instructs
respondents to base their answers to the questions on a recent
learning experience. In essence, each respondent is, therefore,
permitted to select his or her own focus from which to answer
the questions. No test focus was provided by either Copenhaver7 or Gieger and Pinto,9 whereas a specific test focus was
given in both this study and Coker. 12 Consequently, to ensure
the validity of the resulting learning style profile, it may be
necessary to provide the respondent with a specific focus,
either the traditional classroom or the clinical setting, before
administering the LSI. 13 Furthermore, future examinations of
the test-retest reliability of the LSI should provide a specific
learning focus.
From a practical perspective, several implications should he
considered by athletic training educators. In a classroom focus,
respondents indicated a preference for the RO mode. This
mode is characterized by a preference to make careful obser
vations before making a judgment, viewing issues from a
variety of perspectives, and searching for the underlying
meaning of things. 13 In a clinical environment, however, the
preference appears to shift to AE, which emphasi/es hands-on
learning.
By understanding student learning preferences, athletic
training educators could enhance the quality of the learning
experiences they provide. Because research has shown in
creased learning achievement when instructors match their
teaching style with individual learning styles, 1 "° teaching
strategies should be re-examined to ensure that each learner's
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needs in both the classroom and clinical settings are accom
modated. According to the results of this study, then, the use of
instructional strategies that provide opportunities for discus
sions, brainstorming, reflective thinking, and critical thinking
would improve the quality of athletic training students' class
room experiences, while the clinical setting should incorporate
simulations, case studies, and hands-on experience to maxi
mize learning potential.
Because learning style is directly influenced by one's
preference for each of the 4 learning modes, a corresponding
shift in learning style preference would be expected. In fact,
58% of respondents' learning styles did change from the
classroom to the clinical setting. Interestingly, the predominant
learning style in the classroom was that of the assimilator
(65.4%), while the converger style prevailed in the clinical
setting (42.3%). This result is notable, as it indicates a shift in
focus from theory and abstract ideas and concepts in the
classroom to making decisions, solving problems, and finding
practical uses for ideas and theories in the clinical setting. 13 A
closer inspection of the 2 learning environments would lead
one to expect these changes to occur if learners were to be
successful in each setting. Finally, medical technicians and
physicians are often classified as convergers, while there is a
tendency for academic physicians, researchers, and professors
to be categorized as assimilators. 13 The results of this study,
therefore, appear to be somewhat consistent with the research
predicting career paths based on learning style.
CONCLUSIONS

According to Kolb's Experiential Learning Theory, a
well-rounded learning process involves the use of all 4
learning modes. In fact, learners may miss important ideas
and experiences if they rely too heavily on 1 learning mode. 13 So,
although some ideas have been provided to accommodate the
predominant learning modes found in this study, athletic training
educators should remember that every individual's learning
strengths and weaknesses are different. The important result from
this study to consider is that learning mode and style may shift
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according to whether the respondent is focusing on a classroom or
clinical environment. Therefore, I suggest that the athletic training
educator administer the LSI twice to determine an individual's
cognitive and experiential learning style profiles and that there be
a corresponding shift in the instructional techniques and strategies
used in each setting to maximize learning potential.
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Stress Fracture of the Eighth Rib in a
Female Collegiate Rower: A Case Report
Adam Galilee-Belter, MA, ATC; Kevin M. Guskiewicz, PhD, ATC
University of North Carolina at Chapel Hill, Chapel Hill, NC
Objective: To present the case of a stress fracture of the
eighth rib in a female collegiate rower.
Background: A female collegiate rower experienced severe
pain in her chest, increasing with movement, deep breathing,
and erect posture. No acute mechanism of injury was apparent.
The team physician diagnosed a rib stress reaction based on
clinical examination. The athlete rested for 2 days and then was
able to resume rowing workouts. Five months later, she expe
rienced the same sharp pain, with the diagnosis and treatment
being the same. The athlete was able to compete in the
championships 3 weeks later. At the end of the season, a bone
scan revealed a stress fracture of the eighth rib. The athlete
rested for 3 weeks and then returned to activity.
Differential Diagnosis: Intercostal muscle strain, serratus
anterior muscle strain.
Treatment: Active rest, involving pain-free cardiovascular
workouts and weight training, cessation of rowing until the
athlete was asymptomatic, strengthening of dynamic support
structures, and analgesic modalities.

R

owing is the oldest competitive collegiate sport, evolv
ing from the first race held in long wooden boats in
1829 between Oxford and Cambridge Universities to
the sleek fiberglass sculls used by today's crews. 1 Rowing is a
nonimpact sport that demands both endurance and explosive
power from its participants. Elite rowers train throughout the
year on ergometers (rowing machines) and on the water.
Accordingly, most injuries in rowing are chronic or overuse
injuries. We document an elite-level university rower who
sustained a stress fracture of the eighth rib.
Stress fractures to the ribs are not uncommon, although few
cases have been reported. The first rib is most commonly
affected. However, a limited number of publications have
addressed stress fractures to the remaining ribs, particularly in
rowers. Brukner and Khan2 reported on stress fractures of the
seventh and eighth ribs in a female sculler. Holden and
Jackson3 described 4 cases of posterior rib stress fractures in
female scullers. McKenzie4 discussed a stress fracture in the
ninth rib of a male sweep rower. Several other rib stress
fractures have been documented in rowers, most often affect
ing the posterior or posterolateral ribs. 1 '5" 8 This case involves
a female collegiate rower and is unique in that the fracture site
was on the anterolateral aspect of the eighth rib, which is an

Uniqueness: Most stress fractures occur in the lower ex
tremity. Those that do occur in the rib cage most often involve
the first rib. A limited number of published works have ad
dressed stress fractures to the remaining ribs; of these, poste
rior and posterolateral fracture sites are most often reported.
This case is unique in that the fracture site was on the
anterolatera! aspect of the eighth rib.
Conclusions: Stress fractures are thought to result from a
variety of causes, including muscular fatigue, sudden changes
in training intensity or duration, and microtrauma to bone at the
muscular origin and insertion sites ("wear-and-tear" theory). In
addition, hormonal factors in women can predispose an athlete
with amenorrhea to a decrease in bone mineral content. Ath
letic trainers should be aware of these potential causes and
focus on the prevention of stress fractures.
Key Words: overuse injury, rowing injury, amenorrhea, fe
male athlete

extremely uncommon location for this type of rowing-induced
injury.
CASE HISTORY

A 20-year-old female rower (height - 1.75 m,, weight =
70.5 kg) presented with intense, left-sided chest pain. She
rowed starboard on a boat of 8, and her team,, which had
recently completed the fall season, had begun its indoor
training season several weeks earlier. The athlete described
waking up that morning experiencing severe pain. Her pain
increased with movement, deep inspiration and expiration, and
erect posture. No obvious swelling or deformity was noted. No
mechanism suggesting an acute injury was discovered. Her
pain was localized over the anterolateral aspect of the eighth
rib and did not radiate along the body of the rib. Her pain
increased with shoulder flexion, abduction., and extension,,
trunk flexion, and end-range extension, In addition, her pain
intensified with resistance to any upper extremity movements,
particularly scapular protraction and retraction.
A rib stress reaction was suspected based on clinical
evaluation. However, the athlete vehemently expressed her
desire to continue rowing, regardless of pain. Unless the Injury
was life threatening, she planned to participate. The team,
physician decided that no further 'diagnostic tools (eg, radio
graphs or a bone scan) would be used because the "Course of
treatment did not depend on a definitive diagnosis.. Tie
Address correspondence to Kevin M. Guskiewicz, PhD, ATC, University
physician permitted a return to participation as soon as she was
of North Carolina at Chapel Hill, CB#8700, Fetzer Gymnasium, Chapel
HI, NIC 27599-8700. E-mail address; gus@email.unc.edu
asymptomatic.
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The athlete rested for 2 days and then returned to her
ergometer workouts; modification of activity was moderate at
best. Ice, intercostal massage, and electric stimulation were all
used with the goal of pain relief. In addition, pain-free scapular
protraction exercises to strengthen the serratus anterior muscle
were initiated and added to the permanent weight-training
routine (Figure 1). The athlete remained relatively asymptom
atic for several months, complaining only of occasional pain.
Approximately 5 months later, the athlete was moved to a
bow-coxed boat of 4 to prepare for the national championships.

One week later, she had to stop in the middle of an intense
workout due to severe chest pain, described as identical to the
previous incidence. The course of treatment again involved 2
days' rest and analgesic modalities. The athlete was able to
return to participation and competed in the championships 3
weeks later.
After the end of the season, a chest roentgenogram was
obtained and revealed no abnormalities (Figure 2); however, a
technetium-99 bone scan taken 1 week later revealed a stress
fracture of the eighth rib (Figure 3), with significant uptake of
D

A

B

Figure 1. Rehabilitation progression. Rehabilitation progression used to strengthen the serratus anterior, the primary dynamic supporter
of the ribs. A, Starting, and B, finishing positions for the initial, nonweightbearing exercise. C, Starting, and D, finishing positions for the
second stage of the strengthening progression. E, Starting, and F, finishing positions for the advanced stage of the strengthening
progression. All of the exercises were performed throughout the full functional range of motion.
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chest pain. A follow-up chest roentgenogram 4 months later
revealed callus formation on the eighth rib at the fracture site
(Figure 4). She has been asymptomatic for more than a year,
while continuing to row and participate in ergometer training.
DISCUSSION

Figure 2. Chest x-ray film taken at the end of the competitive
season revealed no abnormalities at the site of the fracture (circled
area).

the isotope along the anterolateral aspect of the rib. The results
of the bone scan were convincing enough to the athlete that she
immediately modified her training regimen. She limited her
cardiovascular workouts to biking and running and eliminated
ergometer training. The team physician instructed her to
resume ergometer training only after she had gone a full week
without chest pain. A time frame of 4 to 6 weeks was
anticipated to allow for adequate healing of her injured rib, but
the athlete returned to ergometer training 3 weeks later with no

Only 10% of all stress fractures in athletes affect the upper
extremity. 5 However, the repetitive, near-maximal isotonic
contractions performed by rowers predispose them to upper
extremity chronic injuries, such as stress fractures. Stress
fractures may occur when muscle weakness or fatigue causes a
redistribution of force to the underlying bone.4 When activity
is initiated, a considerable percentage of the external force is
dissipated by the supporting musculature. In this case, the
serratus anterior and the abdominal oblique muscles dissipate
the bending stresses exerted upon the rib. However, when the
muscle fatigues, the bone is forced to absorb the bending stress,
which is greatest at the focal portions of the bone.4 In the past,
this has been considered applicable to weightbearing activities
only. However, segments of the ribs undergo significant
bending stresses on activation of the force couple of the
rhomboids and the serratus anterior. In addition, the activation
and repetitive contractions of the external abdominal oblique
muscle result in significant stress being placed upon the origins
of these muscles along the eighth rib. 3'6 The origins of these
muscles combine to create focal points of stress along the bone.
The long periods of cyclic contraction and relaxation of
muscle have been theorized to lead to a fatigue mode of
loading. 9 This loading pattern also lends itself to the "wearand-tear" theory: that overuse and overload of muscle result in
microtrauma to the bone, predominantly at the origin sites of
these thoracic muscles.5 Also, stress along the surface of the
underlying rib is notable, as the muscle pull across the bone
generates significant forces. The stress fracture occurs where
the bending stresses are maximal.4'7
Previous authors3 '4 have theorized that the point of maximal
stress occurs over the posterior or posterolateral aspect of the
ribs. Most of the published reports have focused primarily on
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Figure 3. Technetium-99 bone scan revealed a stress fracture along the anterolateral aspect of the eighth rib.
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Figure 4. Follow-up chest x-ray film taken 4 months after the
previous film revealed callus formation on the eighth rib at the
location of the stress fracture.

sculling, in which an athlete uses 2 oars; sweep rowing can
result in a lateral shift of pressure on the ribs because the rower
uses 2 hands on a single oar. 5 While sculling is a linear motion,
sweep rowing is characterized by a diagonal movement pattern
(Figure 5). Repetition of this movement results in compression
along the inside aspect of the thoracic cavity. This compression
is concentrated along the anterolateral aspect of the ribs,
consistent with the unique location of the stress fracture in this
patient.
A 9-year study at the Australian Institute of Sport6 demon
strated 15 cases of suspected rib stress fractures in female
rowers, as opposed to only 2 in male rowers over the same time
frame. The authors theorized that 1 potential cause could be
underdeveloped upper body strength in females compared with
males. However, the athlete in our case study had been
weightlifting 3 times per week for the past 3 years. Her upper
body strength was well above average. Another potential cause
for the higher number of female stress fractures is related to
hormonal factors. Endurance training has been proven to cause
changes in the hormone levels of a female athlete. This can
lead to amenorrhea, or the disruption or cessation of the normal
menstrual cycle, which in turn can lead to a decrease in bone
mineral content due to the lack of estrogen-mediated bone
synthesis. 3'6' 10 Thus, weakened bones are vulnerable to frac
tures caused by repetitive external stresses. This theory cer
tainly applies to the athlete in this case study, who reported
intermittent amenorrhea for the last 2 to 3 years. An oral
contraceptive was prescribed upon diagnosis of the stress
fracture to supply estrogen and prevent any further amenor
rhea.
The phenomenon of endurance training leading to decreased
bone density should not deter a female athlete from pursuing
448
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Figure 5. Compressive forces. A, Equal distribution of shear forces
on both sides of the body as displayed in sculling. B, Lateral trunk
shift, which is characteristic of sweep rowing. It is theorized that
this lateral shift could result in compressive forces along the inside
aspect of the thoracic cavity, providing a potential cause for a rib
stress fracture.

endurance activities. Under controlled conditions, these activ
ities will increase bone density and strength in accordance with
the Wolff law. The endurance demands placed on the body will
eventually lead to stronger bones and muscles. The key to this
change is a gradual increase in activity. The body must be
given ample time to adapt to higher external forces and
demands; 1 of the well-documented causes for a stress fracture
is a sharp increase in level of activity. 1 '3"5 ' 11 The delay
between increased activity levels and increased strength of
bone is the time when the athlete is susceptible to injury. 8 This
was true in both instances of injury in this patient. The initial
injury occurred 1 to 2 weeks after the rowing team finished the
fall season outdoors and concentrated on indoor ergometer
practice. The recurrence of injury 5 months later occurred
exactly 1 week after the athlete was moved from a boat of 8 to
a boat of 4. The athlete felt that this move caused her to exert
more pressure and create a "stronger pull" with her inside (left)
arm and side of the body. Both instances of injury might have
been prevented if the changes in training routine had been
made gradually.
After the second incidence of injury, the athlete underwent a
chest roentgenogram, which revealed no obvious deformities.
A techetium-99 bone scan was then performed, which revealed
increased isotope uptake on the anterolateral aspect of the
eighth rib. The combination of a negative x-ray film and a
positive bone scan is not uncommon. 2'4'5'8 Despite the fact that
the athlete had developed a palpable callus on the injured rib,
the fracture was still not visible at that time. A simple rib
fracture can be very difficult to observe on a standard x-ray
film, and a stress fracture is virtually impossible to see.4'8
However, a follow-up X-ray film at the preparticipation exam-

ination several months later revealed callus over the previous
fracture site.
It is important to note the possibility that either occurrence
of injury could have been an acute fracture. The onset of pain
in both instances is consistent with that of an acute fracture. An
acute fracture would look the same as a stress fracture on a
bone scan; any standard chest x-ray film can miss a fracture
unless dedicated rib views are obtained.
CONCLUSIONS

This case study documents a rare injury in sport: a stress
fracture of the eighth rib in a female collegiate rower. She was
initially diagnosed with a possible stress reaction after the fall
season, and after slight activity modification, she returned to
activity 2 to 3 days later. She remained mostly asymptomatic
until a reinjury 5 months later. Once again, treatment involved
moderate activity modification and analgesic modalities. A
positive bone scan after the season revealed a stress fracture of
the eighth rib. The course of treatment included a progression
of scapular protraction exercises, oral contraceptives, and 3
weeks of active rest.
Many theories have been advanced as to the causes of stress
fractures. These include muscular fatigue that redistributes
external force to bone and repetitive microtrauma along mus
cular origins (the "wear-and-tear" theory). In addition, hor
monal factors can play a significant role in a stress fracture in
a female athlete. Amenorrhea leading to decreased bone
mineral content should be addressed in the course of treatment.

A gradual increase in level of training allows the necessary time
for the body to adapt, potentially preventing stress fractures.
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Concurrent Periostalgia and Chronic
Proximal Deep Posterior Compartment
Syndrome in a Collegiate Track and Field
Athlete: A Case Report
Kristinn I. Heinrichs, PhD, PT, SCS, ATC, CSCS*;
Wendy M. Lachowicz, ATCf; Don E. Detmer, MD, FACS, FACSMt
*Armstrong Atlantic State University, Savannah, GA; fSterling, VA; 4:School of Medicine, University of Virginia,
Charlottesville, VA
Objective: Exercise-induced leg pain may be triggered by
abnormally high compartment pressure. In addition to the more
widely publicized anterior compartment syndrome, the deep
posterior compartment syndrome can just as frequently occur,
resulting in severe pain and disability due to muscle and nerve
ischemia.
Background: Obtaining a thorough history and compartmental pressure measurements are the usual components in
the accurate diagnosis of compartment syndromes. While few
other disorders mimic compartment syndromes, differential
diagnoses must be considered. Surgical management of deep
compartment syndrome, consisting of fasciotomy or fasciectomy, or both, is successful for most patients.
Differential Diagnosis: Tibial stress fracture or microfracture, tibial periostitis, tibial periostalgia, distal deep posterior
chronic compartment syndrome, proximal deep chronic com

E

xercise-induced leg pain that is relieved only by an
absence from activity is an uncommon, but not rare,
complaint among athletes, particularly runners. First
described and treated by Mavor 1 '2 in 1956, reports of chronic,
as well as acute (described by Vogt2 in 1943), exertional
compartment syndromes involving the compartments of the
lower leg have increased in number. Chronic compartment
syndromes affecting the deep posterior compartments of the
lower leg are second in frequency of occurrence to those
affecting the anterolateral compartment of the leg. The major
symptoms include paresthesia of the plantar aspect of the foot
and tightness, cramping, and aching in the deep muscles
posterior to the tibia.
Chronic compartment syndrome (CCS) affecting the deep
posterior compartment is most frequently seen in wellconditioned athletes participating in aerobic sports. However,
CCS must be differentiated from the acute and chronic injuries
that often result from stress overload due to poor training
techniques (the "too fast, too hard, too soon" syndrome). This
Address correspondence to Kristinn I. Heinrichs, PhD, PT, SCS, ATC,
CSCS, Armstrong Atlantic State University, 11935 Abercorn Street,
Savannah, GA 31419-1997. E-mail address: kheinrichs@savannahga.net
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partment syndrome, superficial lateral compartment syndrome,
deep venous thrombosis, popliteal artery entrapment, or
chronic compartment syndrome.
Uniqueness: Chronic deep compartment syndrome is one
of the most common causes of exercise-induced leg pain in
aerobic athletes. Therefore, the athletic trainer must be able to
recognize the condition. Signs, symptoms, diagnosis, and
surgical management of chronic deep compartment syndrome,
chronic periostalgia, and superficial lateral compartment syn
drome in a 21-year-old Division IA track and field athlete are
presented.
Conclusions: With the correct diagnosis, persistent and
methodical reevaluation, and appropriate management, the
athlete can expect a successful treatment outcome.
Key Words: leg pain, fasciotomy, exercise-induced running
injury, track and field, medial tibial stress syndrome

includes some forms of medial tibial stress syndrome, such as
periostalgia and stress fractures, and such problems as tendinitis, deep venous thrombosis, and even acute compartment
syndromes. 3'4 An accurate diagnosis of compartment syn
dromes most often relies upon the clinician's awareness of the
condition, as well as a clear understanding of the anatomy of
the lower leg. We present a prototypical case of chronic
proximal deep posterior compartment syndrome associated
with chronic periostalgia and latent posterior superficial com
partment syndrome.
CASE REPORT

A 21-year-old male 1 10-m hurdler and sprinter at a Division
IA university complained of recurring pain and tightness in
both calves over a 4-year period, beginning during his junior
year of high school. He also showed bilateral signs and
symptoms of chronic tibial stress syndrome (periostalgia)
along the anterior tibial crest. At this early stage, he was
asymptomatic during the 110-m hurdle competition, but he
noted extreme tightness and deep muscular soreness in his
calves the next day.
During his freshman year of college, his condition continued
to worsen. He treated the tibial stress syndrome primarily with

Postoperative recovery consisted of rest and elevation for the
stretching exercises and cold whirlpool treatments, which
first 48 to 72 hours to prevent increased levels of edema. The
probably had a mild therapeutic effect on his calves as well.
During his sophomore collegiate track season, the bilateral athlete wore elastic wraps when weightbearing for the first 7 to
calf pain and cramping were no longer limited to postcompe- 14 days, and he resumed daily activity as tolerated. Some ankle
tition but began to appear immediately after races and during and muscle swelling after this surgery is not unusual, and most
practice. These symptoms ultimately led to cessation of run patients return to walking unassisted in 2 days and progress to
ning for short periods of time. Reduced training levels during running in approximately 3 to 6 weeks. 5"7
By 3 months postoperatively, the athlete was performing a
the summer months resulted in complete resolution of the pain,
slow jog for a 4-km to 4.8-km workout on soft surfaces every
tightness, and cramping.
During the fall season of his junior year, the pain increased other day. In addition, he was also engaging in nonweightbearin frequency and intensity, with an earlier onset of symptoms. ing activities such as swimming on the "off days. He had no
Again, complete rest eliminated all symptoms. With the onset complaints of pain or deep tightness during activities of daily
of spring season training, the symptom behavior was markedly living, and pain associated with exercise at this time was
worse than before, with the onset of deep sharp pain in both characteristic of exercise-induced or "not having worked out"
calves within 5 to 10 minutes of exercise. At this point, the pain. Unfortunately, the athlete was unable to progress beyond
athlete was forced to discontinue all training. These symptoms the daily, low-intensity jogging program of 30 minutes
of constant, sharp pain and increasing muscle tightness in both achieved by 4 months due to persistent superficial proximal
calves were absent at rest but reappeared more rapidly with any posterior compartment aching, which limited the duration of
the exercise session. However, his symptoms were not the
activity, including normal activities of daily living.
Active plantar-flexion range of motion was restricted and same type of cramping or deep tightness experienced preoperpainful. No swelling in the proximal calves or instep paresthe- atively in the deep compartment. A return visit to the surgeon
sias were noted. Normal pulses were present in both feet and revealed elevated resting superficial compartment pressures
did not diminish with plantar flexion or dorsiflexion. Rest (18 to 23 mm Hg). Superficial fasciotomy under local anes
completely relieved the symptoms, which were unaffected by thesia on an outpatient basis was performed on both the medial
time of day (ie, no significant improvement or deterioration in and lateral proximal posterior superficial compartments bilat
symptoms upon arising in the morning or in the evening). A erally. Although the patient did not pursue a serious condition
bone scan revealed no stress fracture of the tibia. Magnetic ing program because of other commitments, he was active in
resonance imaging and Doppler evaluation demonstrated no his daily life and satisfied with his outcome.
popliteal artery entrapment or evidence of past deep venous
thrombosis. No clotting disorders were identified.
DISCUSSION
A variety of conservative approaches was attempted without
Clinically, this athlete presented with a classic picture of
long-term success. These included cryotherapy, heat, whirl
CCS affecting the deep posterior compartment. Unfortunately,
pools, contrast baths, ultrasound, nonsteroidal anti-inflamma
this course was also typical in that visits to a number of
tory medications, orthotics, passive and active exercise to
physicians occurred before the patient received the correct
improve flexibility of the involved musculature, multidirec diagnosis and surgical treatment. Surgical management, in the
tional ankle conditioning exercise, alternate cardiovascular form of an adequate fasciotomy, is usually a successful option,
exercise (stationary bicycle and aquatic rehabilitation), relative offering most individuals excellent chances for a full recovery
rest periods, and total rest. The diagnosis at this time was and return to competition.
"bilateral medial tibial stress syndrome with periostitis and
Traditionally, the lower leg has been divided into 4 anatom
chronic tendinitis," since no stress fracture was seen on ically separate compartments: anterior, lateral, posterior super
imaging studies. A low level of suspicion for chronic compart ficial, and posterior deep. Detmer7 has conceptualized the
ment syndrome was entertained, but the location was consid lower leg as having at least 7 functional compartments because
ered to be too proximal. Persistent symptoms despite conser chronic compartment syndrome can affect a single subdivision
vative measures led to a referral for a second opinion near the in any of the compartments without involving all of the other
end of his junior year in college.
muscles within the same compartment (Table). Thus, it is
On physical examination, the consultant noted that the critical that the physical examination clearly distinguish the
athlete was quite tender to palpation bilaterally upon compres boundaries of all involved anatomical compartments.
sion of the proximal deep compartment musculature deep to
Obtaining a careful history is a critical component in
the gastrocnemius-soleus muscle group. Although his pain was arriving at the correct diagnosis, and it forms the primary basis
described as being in the calves, he described no discomfort for a diagnosis of chronic compartment syndrome. The history
limited to the posterior superficial compartments, and he had of persistent cramping with exercise and asymptomatic rest
no-tenderness upon compression of these muscles. All other periods with symptoms worsening over time were the major
compartments were nontender. Since blind needlesticks to indicators of the problem. It is also important to determine
measure deep compartment pressures risk injury to the neuro- whether the posterior symptoms are superficial or deep and
vascular bundle and since his symptoms and signs so clearly proximal or distal, or both, and to define the exact borders of
pointed to the proximal deep compartments, no pressure the area of pain; a common mistake is to simply pinpoint the
measurements were made of either the deep or superficial maximal point of tenderness. 5'8 This athlete's tenderness was
compartments. After the diagnosis of chronic bilateral proxi localized around his calf muscles. It is important to delineate
mal deep posterior compartment syndrome and chronic peri- precisely which muscles are involved; vague descriptions or
ostalgia, the athlete underwent proximal bilateral deep fas- varying locations for pain strongly weigh against the diagnosis
ciotomies posteriorly and periostectomies anteriorly of the of CCS. Symptoms tend to progressively worsen over time and
improve with rest and reduction or cessation of exercise.
tibias.
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Seven Functional Compartments of the Lower Leg7

Compartment
Anterior

Lateral

Posterior deep proximal

Posterior deep distal

Posterior superficial medial
Posterior superficial lateral
Posterior superficial distal

Contents
Tibialis anterior
Extensor hallucis longus
Extensor digitorum longus
Anterior tibial nerve
Tibial artery and vein
Fibularis (peroneus) longus and brevis
superficial branch of the fibular
(peroneal) nerve
Tibialis posterior
Flexor digitorum longus
Flexor hallucis longus
Posterior tibial artery
Tibialis posterior
Flexor digitorum longus
Flexor hallucis longus
Posterior tibial artery
Posterior tibial nerve
Posterior tibial vein
Medial head of the gastrocnemius
Lateral head of the gastrocnemius
Distal soleus

Symptoms eventually adversely affect athletic performance in
most patients and are consistent with levels of exercise, as
shown in this athlete. Unlike the more easily recognized acute
compartment syndrome that requires emergency surgical inter
vention to spare neurovascular structures, CCS rarely results in
permanent neurovascular damage because it is self-limiting,
causing the athlete to discontinue activity before prolonged
pressure increases result.4
The patient's presentation was typical of chronic proximal
deep posterior compartment syndrome, but his clinical picture
was atypical with respect to his chronic periostalgia and
superficial compartment pathology. Chronic periostalgia may
occur in association with distal deep posterior compartment
syndrome but is decidedly uncommon with proximal compart
ment disease. In retrospect, it would have been easy to measure
superficial compartment pressures at the time of the proximal
fasciotomy, but it is not clear that the pressures would have
been elevated. Abnormal pressures at that time would clearly
have led the surgeon to perform superficial releases. Normal
pressures at that time would not have changed the surgeon's
plans. As the adage goes, "It is hard to make an asymptomatic
patient better." While subsequent compartment syndrome in
new compartments after the release of other compartments is
uncommon, it does occur. The case highlights the importance
of continued re-evaluation and consideration of other underly
ing pathologies throughout the course of treatment.
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The accurate diagnosis and treatment of medial tibial pain is
complicated by the coexistence of periostitis and compartment
syndrome, as in this athlete. The literature9 also suggests a
third diagnostic entity, tibial stress fracture or microfracture, to
be considered in medial tibial pain syndromes. The patient's
history of type of exercise (running), initial symptom behavior
(quick resolution with rest), and later symptom behavior in the
presence of established painful symptoms (failure of rest,
orthotics, and nonsteroidal anti-inflammatory medications) are
consistent with Type II disease (periostalgia with avulsion of
the periosteum at the periosteal-fascial junction).9 Unfortu
nately, visits to multiple physicians without obtaining signifi
cant relief are also typical in the history of patients with
periostitis.
Exercise-induced chronic proximal deep posterior compart
ment syndrome has become a clearly recognizable cause of
chronic leg pain. Research into the causes, diagnosis, and
management (conservative and surgical) has advanced the care
of this syndrome dramatically over the past 2 decades. Most
importantly, the astute clinician should be persistent in observ
ing the athlete in order to correctly diagnose and manage all the
underlying problems and arrive at a satisfactory outcome. With
the proper treatment, both recreational and elite athletes whose
training and lifestyle had been significantly limited by CCS are
now typically able to return to preinjury competitive levels.
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Sacral Stress Fracture in a Female
Collegiate Distance Runner: A Case Report
David Klossner, PhD, ATC
Ohio University, Athens, OH
Objective'. To present the case of a 19-year-old collegiate
distance runner diagnosed with a unilateral sacral stress fracture.
Background: Low back and sacroiliac joint pain are com
mon in female athletes but are often difficult to differentiate.
Although sacral stress fractures in young female athletes are
rarely reported, they are a potential cause of low back pain.
Differential Diagnosis: Acute lumbosacral strain, disc dis
ease, gluteus maximus strain, idiopathic low back pain, low
back strain, sacroiliac joint sprain, or congenital anomaly.
Treatment: Six weeks of active rest and nutritional counsel
ing followed by an incremental 8-week running program. The
athlete returned to symptom-free competitive running within 4
months.
Uniqueness: This young athlete presented with a unilateral
sacral stress fracture with components of the female athlete
triad and a vigorous exercise regime.

S

tress fractures are more common in amenorrheic female
athletes, yet the etiologies of these injuries often dif
fer. 1" 4 Typical stress fracture sites in runners are the
lower extremities, with only 6 pelvic stress fractures previously
reported in the collegiate athlete population. 2 Some factors
potentially related to the occurrence of stress fractures in the
lower extremities are an athlete's intensity of training, caloric
restrictions, physical conditioning, shoe changes, leg-length
discrepancies, amenorrhea, and osteoporosis. 2'4 "7 Specifically,
researchers3 '8 have found that runners who interrupted their
running routine because of injury were more likely to have had
irregular or absent menses. This patient's case is significant
because of the cumulative effect of common etiologic factors
often associated with stress fractures in female athletes, the age
of the individual, and the possible presence of an insufficiencytype fracture. Athletic trainers should be suspicious of a sacral
stress fracture in a runner with low back pain that does not
respond to common conservative treatment protocols.
Stress fractures in collegiate female runners are typically
limited to the lower extremity and associated with a fatiguetype mechanism. 2 However, the possibility of an insufficiency
fracture should be addressed; as the age of menarche increases,
the likelihood of causing irreversible bone loss and accelerat
ing long-term bone resorption increases. 9 Female athletes are
experiencing more pressures than in past years, often associ
ated with struggles of improving performance, losing weight,
and body image that may lead to disordered eating behaviors
Address correspondence to David Klossner, PhD, ATC, Athletic Train
ing Education, University of South Florida, RED 214, Tampa, FL 33620.
E-mail address: klossner@tempest.coedu.usf.edu

Conclusions: Sacral stress fractures are rare in the young
female athletic population. Because stress fractures in female
runners have various etiologies, a thorough patient history and
diagnostic imaging are necessary in the evaluation. Athletes
can return to their normal activity once a successful manage
ment strategy has addressed all components of the female
athlete triad while providing adequate rest. Prevention strate
gies, such as screening for the components of the female
athlete triad, may help to decrease injuries and promote health
ier lifestyles among this population.
Key Words: amenorrhea, female athlete triad, low back pain,
pelvic stress fracture

and sometimes extend the age of menarche. 9 Accordingly,
injury prevalence may be increasing as female athletes present
with symptoms associated with disordered eating, amenorrhea,
and decreased bone mineral density. These 3 conditions have
been established as key components recognized by the Amer
ican College of Sports Medicine 10 in defining the female athlete
triad. The triad concept has been linked to an increased prevalence
of injuries in female athletes, but the relationship of each compo
nent with exercise is still being researched.2'3'8'
CASE REPORT

A 19-year-old female collegiate distance runner presented
with tightness, diffuse pain, and soreness in her low back
region for 2 days after a half marathon. An initial evaluation
performed by her primary family physician suggested a lum
bosacral strain. At the time of the injury, the athlete had been
training for the upcoming cross-country season and was
averaging 112.65 kg (70 miles) per week. She had no symp
toms before the half marathon and continued this running
routine after the race even though she was experiencing slight
tightness in her low back region. There was no history of direct
trauma or stress-related injuries.
The athlete gave a 3-year history of amenorrhea, anemia,
low body weight, hypokalemia, and gastrointestinal bleeding
that had been evaluated annually with a thorough history and
laboratory tests by her family physician and subsequently by
her collegiate team physician. During this time, she had been
taking an oral contraceptive prescribed by her family physician
as a regulatory measure to minimize potential bone loss due to
her amenorrhea. The occasional gastrointestinal bleeding was
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reported to be a factor in reducing her hemoglobin to 8
g/l()() mL the year before, resulting in anemia. Normal hemo
globin ranges for endurance runners have been reported at
12.0 to 15.5 g/100 mL. 5 An endoscopic evaluation was normal.
After the initial evaluation for her low back pain, the athlete
was placed on a Medrol Dosepak (Pharmacia & Upjohn,
Kalamazoo, MI) for a week while limiting her mileage. When
she continued to have symptoms 1 week later, she was referred
to an orthopaedic physician. He felt her presentation was
consistent with an acute lumbosacral strain and recommended
a treatment plan of eliminating land running for 1 week,
beginning aqua jogging, and taking Daypro (GD Searle & Co,
Chicago, IL), a nonsteroidal anti-inflammatory medication,
once the Medrol was completed. The pain subsided within 1
week, and the athlete returned to her normal running routine.
Two weeks later, the athlete reported for the preseason phys
ical examination and stated that her symptoms had returned
with more intensity than the previous episode, this time
affecting her running and daily living activities.
Physical examination by the team physician revealed local
ized tenderness over the right sacroiliac joint and gluteal region
without radiating pain. Pain was associated with forward trunk
flexion and extension, unilateral right straight-leg raise, and
standing right hip flexion. Plain radiographs of the pelvis and
lumbar spine were unremarkable (Figure 1). After discussion
with the athlete's family physician, the team physician sus
pected a right sacroiliac joint sprain and established a new

treatment plan of 1 week of iontophoresis, swimming, rehabil
itation exercises, and the continuation of anti-inflammatory
medication.
The patient experienced minimal improvement with the
change in treatment protocol. During the fifth week of contin
ued discomfort, she underwent a bone scan, which showed
focal increased activity centered about the right sacral ala
(Figure 2). A computed tomography scan revealed abnormal
sclerosis in the right sacral ala, consistent with a healing stress
fracture (Figure 3). The final diagnosis was a unilateral stress
fracture of the right sacral ala. High mileage, inadequate
recovery after training sessions, insufficient caloric intake,
anemia, and amenorrhea were thought to be contributing
factors.
The athlete discontinued land running for 6 weeks while
continuing to train aerobically. After the first week of complete
rest, she began multiple daily workout sessions incorporating
swimming, aqua jogging, bicycling, and stationary cross
country skiing within pain-free ranges for 2 to 3 hours a day.
She continued to improve and was pain free by the fourth week
of recovery (9 weeks after symptom onset). The athlete began
running 25 miles per week at low intensity and pursued a
strength-training program. She increased her distance by 5
miles per week until she reached 65 miles per week. There was
slight tightness in her low back region during the first 2 weeks
of her land-running routine, but this cleared within a week. The
athlete competed successfully in a 5000-m run by 5 months
after the onset of symptoms and returned as a top collegiate
10000-m runner at 9 months.
Ten months after the sacral fracture, the family physician
conducted a routine follow-up evaluation to determine whether
additional medical management was necessary. The physician
determined that the athlete had decided to stop her current
contraceptive hormonal therapy program; she also admitted to
limited food-intake practices. Because of the athlete's disor
dered eating, previous bone-related injury, and amenorrheic
history, her estradiol level was tested. Although it was below
the laboratory's detection level of 20 pg/mL, she had no signs
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Figure 1. Normal plain radiograph of the pelvis (4 weeks after onset
of symptoms).
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Figure 2. Bone scan showing increased activity about the right
sacral ala (5 weeks after onset of symptoms).

Figure 3. Computed tomography scan revealing abnormal sclerosis in the right sacral ala (5 weeks after onset of symptoms).

of metabolic bone disease on dual-energy x-ray absorptiometry. She did have moderate osteopenia at the lumbar spine,
with less severe osteopenia noted at the hip. This finding was
consistent with the cancellous bone loss often associated with
hypoestrogenemia.
Her risk for a future fracture was increased as a result of her
aggressive exercise regimen and irregular menses, so she was
placed on Triphasil (Wyeth-Ayerst Laboratories, Philadelphia,
PA), an estrogen replacement therapy medication, during the
subsequent offseason. The physiologic conditions and behav
ioral patterns described in this case could contribute to increas
ing the athlete's risk of another stress-related injury if future
hormonal therapy and dietary goals were not achieved as
recommended.
DISCUSSION

Sacral stress fractures are rare occurrences in young females
but have been reported more often in the literature over the last
2 years. 2 The etiology of sacral stress fractures in young
individuals has been related to a variety of factors, such as
inappropriate mileage progression, shoe changes, poor biomechanics, changes in running surface, amenorrhea, caloric re
strictions, low bone mass, mechanical fatigue, and low estro
gen levels. 2'4' 11 "14 Many of these factors were applicable to
this patient, who presented with other common problems often
seen in competitive female runners. Moreover, a low or
inadequate energy intake has been linked to hormonal fluctu
ations, the development of amenorrhea, increased bone loss,
and eventual early osteoporosis. In the vigorously exercising
female athlete, these factors have been shown to increase the
risk of musculoskeletal injury and stress-related frac
tures. 3 '8'9' 15 Addressing all these components collectively
should provide insight into the complex physiologic and
behavioral characteristics associated with female runners and
their potential risk for injury.

Gastrointestinal Bleeding
Long-distance runners can present with gastrointestinal
bleeding occurring after high-mileage or intense running ac
tivities. This sign was significant in this patient and is also
important to understanding the complexity of the female
athlete triad. Causes of this condition in distance runners
include intestinal tract ischemia as a result of diversion of the
splanchnic circulation and stress from the hyperthermic con
ditions of prolonged, intense exercise. 16 These combined
etiologies may increase the risk for developing ischemic
necrosis, which would present as tarry stools and bloody
diarrhea. Continuous bleeding should be evaluated with an
endoscopic procedure to rule out other conditions.
Gastrointestinal bleeding does not typically affect an ath
lete's performance directly but can be a causative factor in the
development of anemia. 16 Anemia can lead to performance
fatigue, to which the athlete may respond by decreasing caloric
intake in order to lose weight and increase speed. Rosen et al' 7
concluded that female athletes often lower their body weight in
order to achieve the highest level of performance instead of
supporting physical appearance objectives. This cyclic phe
nomenon focusing on improving performance with little regard
for physiologic and behavioral factors can be detrimental to an
athlete's health and often continues throughout an athlete's
career, establishing a disordered eating behavior. Even though
anemia does not directly relate to injury rates, it may indirectly
affect an athlete's eating behavior and contribute to the female
athlete triad.
Female Athlete Triad
Although mechanical stress and exercise intensity were
significant contributors to this patient's stress fracture, disor
dered eating, amenorrhea, osteopenia, and decreased estradiol
levels were also factors. These factors have been associated
with the female athlete triad (disordered eating, amenorrhea,
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and decreased bone mineral density), which has been linked to
an increased prevalence of skeletal injuries. 3 '8 ' 10' 18 "20
Disordered Eating

Runners, who are often driven to maintain a low body
weight for performance purposes while attempting to increase
workloads, may develop disordered eating patterns. Athletes
often control their caloric intake by practicing such behaviors as
using diet pills, laxatives, and diuretics; vomiting; and fasting.9
These behavioral patterns can limit caloric intake enough to create
a negative energy balance. 19 Despite these behaviors, many
athletes fail to associate their energy expenditure with caloric
intake, thereby underestimating their daily energy needs. The
insufficient caloric intake for the energy expenditure not only
causes physical fatigue and poor performances but has been
associated with menstrual dysfunction and, ultimately, early
osteoporosis in female athletes. 8 " 10' 17' 19'21
Amenorrhea

Amenorrhea is the absence of menstrual bleeding and is
often accepted as a favorable condition by female athletes.
Recent research3 '8'9' 18 '21 has suggested that amenorrheic ath
letes can develop significant bone density losses, musculoskeletal injuries, and an increased risk for the early onset of
osteoporosis. Many variables can contribute to athletic amenorrhea, but the influence of each factor has yet to be completely
understood. One theory9' 19 proposes that the intricately related
components of the female athlete triad may have a direct
relationship on the function of the hypothalamus and regulation
of estrogen levels. Excessive exercise, limited caloric intake,
and psychological stress may decrease the frequency of gonadotrophic-releasing hormone pulses secreted by the hypothal
amus and limit the availability of the reproductive hormone
estrogen. These decreased hormone levels can lead to amenorrhea in many female runners, increasing their chances for
bone resorption.9' 10' 18'22 Previous research8'9'22 suggests that
estrogen levels in runners may be inversely related to training
volume or to the factors associated with increasing an exercise
regime, such as energy balance. Estradiol levels in women
running 48.28 km (30 miles) and 80.47 km (50 miles) per week
have been reported at 54 and 34 pg/mL, respectively. 8 This
athlete ran 112.65 km (70 miles) per week and had an estradiol
level of less than 20 pg/mL. Although mileage should not be
directly linked to estrogen production, athletes who run high
mileage should have their estradiol levels evaluated and be
screened for all components of the female athlete triad to
reduce their risk of injury. 3'8'9
Bone Mineral Density

Although this athlete presented physiologic characteristics
that may represent an insufficiency-type, stress-related injury,
her young age and the evidence of intense exercise routines
suggested the diagnosis of a fatigue-type stress fracture.
Female athletes have not been reported to have insufficiencytype injuries at such a young age, but in the presence of
amenorrhea and moderate osteopenia, insufficiency injuries
should not be overlooked. While insufficiency-type fractures
have been related to limited estradiol levels and osteoporosis in
elderly females, fatigue-type stress fractures are common in
athletes.9'23 This type of fracture is classified by an etiology of
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repetitive or unusual stress on normal bone that has not adapted
to the abnormal forces placed upon it.23
For many female athletes, bone loss is not a concern because
research has shown that exercise can actually increase bone
density.9 However, recent studies supported decreased bone
mineral density (BMD) in amenorrheic athletes despite regular
exercise.2'3 '8' 15 '24 More significantly, amenorrheic women
have presented with larger numbers of running-related stress
fractures.25 Interestingly, researchers have found that total
bone density is often not affected in athletic females because
exercise protects cortical bone, which makes up 80% of the
skeletal system. 9 The remaining 20% of bone is composed of
the more metabolically active trabecular bone. This is signifi
cant because trabecular bone can be more sensitive to hor
monal fluctuations, resulting in an earlier onset of natural bone
loss. 26 Trabecular bone is concentrated in the pelvis but also
found in flat bones, the ends of long bones, and in vertebral
bodies.9 Consequently, Rencken et al3 found that athletes with
amenorrhea had significantly lower BMD at the lumbar spine,
femoral neck, greater trochanter, Ward triangle, intertrochlear
region, and tibia as compared with healthy athletes.
These concepts support the presence of active bone loss in
female runners without classifying them as osteoporotic. More
often, athletes will present signs of osteopenia or BMD less
than 80% of peak bone mass for their age. 3 '9- 15 ' 18 Research has
suggested that if normal menses do not return, the trabecular
bone loss may be irreversible, leading to early normal bone
loss, especially if the initiation of menarche was delayed until
the late teenage years.9'21 '24 This irreversible bone loss has
been shown to occur even after resumption of menses, adequate
estrogen replacement, and calcium supplementation.22'27-28
Diagnostic Imaging

The evaluation of BMD is suggested to be best analyzed
with dual-energy roentgenogram absorptiometry.29 A benefit
of this technology allows the clinician to observe the BMD at
specific sites and to analyze the density over time. 3'9'20
Individuals with sacral stress fractures often present with
clinical sacroiliac joint pain and are frequently referred for
manipulation, which could exacerbate this particular injury.
Various imaging techniques can be used to evaluate the
affected area for a stress-related lesion.2'30 Initial radiographs
are typically normal but are important to assess. Radionuclide
bone scans are sensitive to acute and healing bone injuries;
therefore, they are helpful in determining the presence of
abnormal bone activity but lack the detail needed to determine
any structural compromises.2 Magnetic resonance imaging and
computed tomography scans have been useful in determining
the significance of stress fractures because they localize the
lesions and help rule out sacroiliac joint problems. 2'30'31
Management

Once the stress fracture is diagnosed and other related
problems addressed, the athlete may begin the return to activity
with a progressive rehabilitation protocol emphasizing an activerest, cross-training regime.31"33 In this case, the active-rest routine
involved eliminating land running and replacing workouts with
aqua jogging, biking, swimming, and stationary cross-country
skiing sessions for multiple 1-hour intervals.
Management of amenorrheic athletes through education and coun
seling, reduced training levels by 5%, increased caloric intake,

appropriate calcium intake (1500 mg/day), and hormonal replace
ment is vitally important in cases associated with females presenting
with signs and symptoms of the female athlete triad.4'8' 10'29'34'35
The initiation of these guidelines could be enough to return normal
menses in most female athletes and improve normal hormonal
balances. 19'28'35 However, continued low estrogen levels can lead to
early osteoporosis and additional stress-related injuries.3'4'9 Estrogen
replacement therapy and regular oral contraceptive use can limit bone
loss and decrease the frequency of skeletal injury. 1 '8'35'36
Most athletes with sacral stress fractures fully recover within 6
weeks and continue running without further symptoms.2' 11 ' 12
Follow-up magnetic resonance imaging and computed tomogra
phy scans can be performed to assess the degree of healing,
although the lesions may remain visible for months. Many
competitive female distance runners average 40 to 50 miles a
week and may return to activity much sooner than this patient did.
However, due to individual variances in mileage, this patient
pursued an incremental running program that increased weekly
distance by 5 miles until the eighth week, at which time she was
averaging 65 miles. Previous return to land running has ranged
from 3 to 8 weeks after initial diagnosis of a sacral stress
fracture.2' 11 ' 12'31
CONCLUSIONS

Sacral stress fractures should be considered in runners with
persistent low back pain, especially if injuries are not respond
ing to appropriate treatment protocols. No single variable can
be linked to the risk of injuries or the female athlete triad;
however, more research has supported the influence of energy
balance and hormonal fluctuations as significant factors asso
ciated with injuries in amenorrheic female athletes. A rehabil
itation program that addresses the behavioral patterns and
physiologic characteristics of such a problem will benefit the
whole athlete and lead to a full recovery. Prevention strategies
encouraging the distribution of questionnaires during preseason physicals and establishing policies to screen women
who present with 1 component of the female athlete triad for
other components may help to decrease injuries and promote
healthier lifestyles among this population.
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Psychology/Counseling: A Universal
Competency in Athletic Training
Joni L. Cramer Roh, MAT, ATC*; Frank M. Perna, EdDf
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Objective: To present the rationale that certified athletic
trainers (ATCs) may require structured educational training in
the psychological aspects of athletic injury.
Data Sources: We searched MEDLINE, Psych Lit, PsycINFO, First Search, and SPORT Discus databases for the years
1990 through 1999 under the search terms "psychological
distress," "depression," "athletic injury," and "rehabilitation
adherence."
Data Synthesis: Psychological factors are significant pre
dictors of athletic injury. Athletic injury is accompanied by
significant psychological distress, which has been shown to
impair rehabilitation compliance and possibly physical recov
ery. Although "counseling" and knowledge of psychological
aspects of injury are required National Athletic Trainers' Asso
ciation competencies, extant data suggest that athletic trainers
may lack training in this competency.
Conclusions: Evidence suggests that (1) psychological dis
tress is prospectively associated with the incidence of athletic
injury, and prolonged psychological distress, specifically de
pression, may occur after athletic injury; (2) psychological
factors may also either hinder or facilitate rehabilitation adher

I

t has been reported that nearly 1 in 6 athletes in the United
States have sustained an athletic injury severe enough to
keep them out of activity. 1 When athletes become injured,
they require immediate treatment and rehabilitation in order to
speed return to participation. As part of treatment or rehabili
tation, the athlete and the injury must be properly assessed.
Understandably, physical assessment has been viewed as being
of primary importance. However, the importance of evaluating
injured athletes' psychological distress, coping, and concerns
regarding return to play have gained increased attention.2'3
Additionally, psychological and behavioral factors have been
identified as playing significant roles in the occurrence of
athletic injury and in the physical adaptations to exercise
training.4 " 6
Because certified athletic trainers (ATCs) often have the most
frequent contact with an athlete before and after an injury, they are
in a unique position to monitor the athlete's physical and mental
status and to make timely referrals.7 Furthermore, the National
Athletic Trainers' Association (NATA), on the basis of a Role
Delineation Study,8 requires ATCs to be competent in psychology
and counseling. Specifically, ATCs are expected to be able to
identify psychological distress, counsel athletes, and make coun
seling referrals as appropriate. 8 " 10
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Science & Sport Studies Department, California University of Pennsyl
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ence, compliance, and recovery; (3) psychological distress may
persist even after physical recovery has been completed; (4)
psychosocial factors related to injury occurrence and injury
recovery may be overlooked by ATCs, but knowledge of these
factors and appropriate use of referral sources may enhance
the effectiveness of ATCs; and (5) ATCs may benefit from
structured educational experiences specific to the National
Athletic Trainers' Association psychology/counseling compe
tency.
Recommendations: With 75% of a national survey of ATCs
indicating that they do not have access to a sport psychologist,
it would be advantageous for ATCs to gain adequate training in
the recognition, evaluation, and treatment of psychological
factors associated with athletic injury. The literature also sug
gests that structured educational training with respect to psy
chological aspects of athletic injury would be well received by
ATCs.
Key Words: athletic injury, psychological distress, psycho
logical training, rehabilitation adherence, rehabilitation compli
ance

In support of the position that ATCs observe significant
psychological distress, a national survey 11 revealed that 47% of
ATCs believed athletic injuries affected athletes both psycho
logically and physiologically, and most believed that psycho
logical factors needed to be addressed along with physical
functioning during rehabilitation. In addition, 71% of ATCs
reported that athletes commonly encountered stress and anxi
ety. However, only 23.9% of ATCs reported at least 1
counseling referral due to athletic injury. 11 The purpose of our
article is to present the rationale that ATCs may require
structured educational training in the psychological aspects of
athletic injury. This position is premised by the following
supportive arguments. Psychological factors are significant
predictors of athletic injury. Athletic injury is accompanied by
significant psychological distress, which has been shown to
impair rehabilitation compliance and possibly physical recov
ery. Although counseling and knowledge of psychological
aspects of injury are required competencies, extant data sug
gest that ATCs may lack training in this competency. We will
address the importance of properly educating ATCs regarding
psychological factors related to athletic injury.
PSYCHOLOGICAL PREDICTORS OF ATHLETIC
INJURY

Regardless of sex, an athlete has a 50% chance of becoming
injured, 12' 13 which rises to as high as 86% among high school

football players. 14 Furthermore, in any single year, 1 in 6
athletes is likely to sustain an athletic injury serious enough to
miss athletic participation. 1
Psychological factors may predispose some athletes to
athletic injury. 6' 15' 16 Studies with nonathletes dating back to
the 1950s have provided evidence that the onset of illness was
significantly associated with an increase in the number of lifeevent stressors. 17' 18 These early findings spurred investigation
into whether a similar pattern linking stress to injury was notice
able in athletic populations. 19 During the late 1980s, Andersen
and Williams20 summarized the literature and proposed a model
to explain the mechanisms thought to be responsible for the stress
and athletic injury relationship. Based on theory and previously
reported studies, Andersen and Williams20 suggested that psychosocial variables (eg, life events, daily hassles, coping) could be
identified that prospectively predicted athletic injury.6'21 The
Andersen and Williams20 model primarily focused on the mech
anisms by which psychological stress may contribute to acute,
rather than chronic, injury. Although Andersen and Williams20
and others22 have proposed that psychological precursors and
reactions to athletic injuries may vary for chronic injuries,
extant data suggest that the model is applicable to chronic
injuries and exercise training-related illness. 5'23
In general, nearly 80% of the reported studies have identi
fied psychosocial variables, such as life-event stress, as linked
with the occurrence of athletic injury. I9-21 -24 The first studies to
show a relationship between life-event change scores and
injury frequency were limited to male football athletes _ 19,21,24-27 During the mid 1980s and early 1990s, sample
diversity was increased, and research design rigor was en
hanced. For example, prospective designs became the norm,
and the search for the psychological stress-injury relationship
was extended to include female athletes and participants in a
variety of sports.24'28 ~31 Those results corroborated findings
from earlier research indicating a positive association between
life stress and the occurrence of athletic injury. Additionally,
sex differences were noted. 32 Total life-change and negative
life-change scores were significantly greater for male athletes
than for uninjured female athletes, and uninjured male athletes
reported greater positive life-change scores than did uninjured
female athletes. In general, negative life-change scores were
found to be significant predictors of athletic injury severity and
frequency, whereas total life-change scores were positively
related to injury frequency only among female athletes.
Researchers began to investigate moderator variables (eg,
social support and playing status) that may influence the stressinjury link.27'33'34 Petrie27 specifically evaluated injury severity
and the stress-injury link using social support and playing status as
moderator variables. Starting football players who reported high
social-support scores showed lower negative life-stress scores and
less severe injuries, whereas starting football players who reported
low social-support scores showed more negative life-stress scores
and more severe injuries. Thus, social support and playing status
did provide moderating effects on the negative life stress.27
Furthermore, social support buffered the effect of stress on the
relative rate of injury. Although many studies have indicated that
life stress is positively associated with athletic injury, and social
support may moderate this effect, 19'26 ~28>32>34 only 1 published
study27 of football athletes found that social support was directly
inversely associated with injury.
As mentioned above, several studies have clearly indicated
that the incidence of injuries can be predicted by stress and
social support. However, few researchers have attempted to use

psychological factors to predict injury severity. Hanson et al33
reported that as negative life stress increased, the severity of
injury worsened. In accordance with previous research find
ings, 19'25"28'32 Hanson et al33 also found that life stress was an
important predictor of injury for contact and noncontact
athletes.
Other psychological factors that are believed to contribute to
the stress-injury relationship are personality variables such as
hardiness, locus of control, and competitive trait anxiety. 21 The
personality variables used to predict athletic injury have not
received as much attention as the psychosocial variables, and
few studies have found that personality factors directly or
indirectly influence injury. 29 For example, Hamilton et al30
noted that personality traits differed between male and female
dancers, but personality traits were not associated with injury.
In contrast, Passer and Seese26 evaluated general trait anxiety,
competitive trait anxiety, and locus of control as moderator
variables in 104 male football athletes. Negative life-change
scores were significantly higher for injured athletes than for
uninjured athletes. Further, a significant relationship between
negative life-change scores and injury was found for male
football players with low competitive-trait anxiety. Unfortu
nately, the research examining the relationship between per
sonality factors and injury has been plagued by questionable
methods. 30'31 Although theory supports the potential contribu
tion of personality traits to explain athletic injury variance,35
studies have not empirically confirmed the contribution of
personality factors. Therefore, the most accepted explanation
of the stress-injury relationship concerns psychosocial vari
ables such as life stress, social support, and coping. Consider
ing that negative life stress may increase the risk of injury by
3- to 5-fold,6 it may behoove ATCs to become aware of the life
stressors that routinely affect athletes and the social support
and coping responses that may alter the stress-injury relation
ship.
PSYCHOPHYSIOLOGIC MECHANISMS
UNDERPINNING THE STRESS-INJURY LINK

Andersen and Williams20 and Williams and Andersen6 have
proposed that physiologic (eg, increased muscle tension and
narrowing of visual field) and attentional (eg, increased distractibility) aspects of the stress response are possible under
lying manifestations of stress that increase susceptibility to
injury. Few studies have addressed the mechanistic proposi
tions offered in the Andersen and Williams20 model. However,
the studies that have been conducted support the model. For
example, in an experimental manipulation, Williams and col
leagues6'36'37 demonstrated that participants with high life
stress experienced significant peripheral narrowing as com
pared with low-stress controls. Life stress may predispose an
athlete to peripheral narrowing, which may increase the like
lihood of missing important environmental cues, in turn in
creasing susceptibility to injury. Perna et al4'5 have also
reported relatively greater attentional disturbances, physical
symptoms, and sleep difficulties among high life-stress athletes
as compared with low life-stress athletes. Additionally, athletes
with relatively high life stress, in comparison with low-stress
athletes of similar ability, exhibited higher prolonged cortisol
elevations with exhaustive exercise, indicative of relatively
poorer exercise recovery. 5 Elevated levels of cortisol, the
primary catabolic hormone after intense exercise, were also
related to subsequent physical symptoms (eg, skeletal muscle
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pain). Together these studies support the proposition that
stress-induced changes in attention, physiology, and behavior
may all mediate the stress-athletic injury relationship.
PSYCHOLOGICAL AND PHYSIOLOGIC RESPONSES
TO ATHLETIC INJURY

Once an athlete becomes injured, both physiologic and
psychological processes occur. Physiologically, a vicious
pain-spasm-pain cycle will continue, causing further dam
age, if appropriate care is not provided. 38 Furthermore,
many physiologic changes that occur during psychological
stress may impair recovery. 20'39 For example, Nideffer40
suggested that increased muscle tension, heart rate, blood
pressure, and skin conductance, all indicative of autonomic
nervous system (ANS) activity, are present after injury.
Also, attentional changes (ie, worry about self) that occur
after athletic injury may cause further generalized muscle
tension, which in turn may result in further musculoskeletal
injuries from disturbances in fine motor coordination and
reduced joint flexibility. 21 '40 Prolonged distress accompa
nying an injury may also lead to continual ANS arousal
(eg, epinephrine, norepinephrine, and cortisol release) that
may prolong recovery by impairing immune functioning and
skeletal muscle repair. 5 -41 The following section highlights
both psychological and physiologic concerns.
Psychological Sequelae of Athletic Injury
In addition to pain, significant increases in negative mood
states after athletic injury have been well documented in a
variety of populations. For example, in a preinjury-postinjury
design, Smith et al42 evaluated 238 male and female high
school, college, junior hockey league, and minor hockey
league athletes. The injured athletes reported significant
postinjury increases in depression and anger and decreases in
vigor. Comparing injured with uninjured college athletes, Petrie
et al43 also reported higher levels of depression and anxiety
among injured athletes. These studies document a general increase
in negative affect after athletic injury. Injury-induced increases in
negative affect have been reported for male and female athletes
competing in contact and noncontact sports at various competitive
levels, and a large majority (90%) of studies indicate significant
elevations in emotional distress associated with athletic inju^30,42-51

Similarly, studies evaluating mood disturbance at various
points after athletic injury have noted primarily negative
emotions. 31>47'52~54 Anger and depression are the most com
monly reported negative mood states.44'46'48'50'54 '56 With re
spect to clinical depression, Perna et al57 reported that approx
imately 26% of injured athletes had depression scores reaching
clinical magnitude at 1 week postinjury in comparison with
only 4.4% of uninjured athletes. Furthermore, in a prospective
longitudinal study of NCAA Division I and II college athletes,
Roh et al48 reported that in comparison with uninjured controls,
depression was significantly higher among injured athletes 1
week after injury and remained elevated at 1 month postinjury.
It is also important to note that depressed mood at preseason
was not significantly different between athlete controls and
athletes who eventually became injured.
McDonald and Hardy56 evaluated athletes' mood states and
perceived rehabilitation in a longitudinal study. Elevated neg
ative moods occurred at 24 hours postinjury and decreased
460

Volume 35 • Number 4 • December 2000

gradually by 4 weeks postinjury, whereas vigor was lower at
24 hours postinjury and increased gradually by 4 weeks
postinjury. However, the sample was limited to 5 severely
injured (out for at least 3 weeks) male and female NCAA
Division I athletes. In comparison, Leddy et al46 reported that
the injured groups had significantly higher levels of depression
when compared with the uninjured or recovered groups of
athletes at 2-month follow-up.
Other psychological responses of injury include features of
acute traumatic psychological stress, such as intrusive thoughts
and avoidance behaviors, that have been found in both acutely
and chronically injured athletes. 58'59 That is, despite being
medically cleared for participation, injured athletes may ex
hibit pronounced psychological distress and worry for up to 1
58
• •
year postinjury.
Physiologic Components of Injury and Pain
When an injury occurs, the natural healing process begins in
a cyclical pattern. First, cells die (necrosis) from primary
trauma. These cells release their contents into the adjacent area,
causing an inflammatory reaction. Cell death continues as the
hemorrhaging and edema block the oxygen supply to healthy
tissues. 38 The body proceeds through a natural healing process
to inhibit further damage.
Basically, 3 phases of physiologic healing have been iden
tified: (1) the acute inflammatory response phase, (2) the
proliferation phase, and (3) the remodeling (maturation)
phase. 38'60 In general, the inflammatory response mobilizes the
body's immune system and chemotaxis of immune cells to the
site of injury. In the proliferation phase, the immune cells
remove damaged tissue (eg, necrotic cells), and in the remod
eling (maturation) phase, regeneration and strengthening occur
as collagen fibers form scar tissue.
Through the actions of the ANS and the hypothalamicpituitary axis, psychological distress may impair physical
recovery. For example, psychological distress in the form of
depression and anxiety are well known to increase ANS
activity and impair immune function, which in turn may
disrupt physical repair processes.61 Furthermore, distressinduced increases in catecholamines and glucocorticoids may
impair the chemotaxis of immune cells to the site of injury, as
well as impair clearance of damaged tissue.5'61 '62 Prolonged
elevation in stress hormones may also inhibit anabolic processes
by decreasing the actions of growth hormone and insulin-like
growth factors that are essential during the remodeling phase.5'61 '63
During the secondary response to injury, a subcycle of pain,
spasm, and atrophy may occur, causing further cell death,
inflammation, hemorrhaging, and edema. The entire cyclical
process has been termed the injury response cycle, the painspasm-pain cycle, or the vicious cycle. 38 Pain and spasm
within the vicious cycle may also be attributed to both
physiologic and psychological responses. 20'40'60'64
Pain has been described as a noxious stimulus to the human
body, and it is influenced by motivational and cognitive factors
that act on the brain when one becomes injured.60'64 Although
pain travels a specific afferent pathway to the brain, individuals
tend to react to a stimulus differently, which accounts for the
variety in reported discomfort that may arise from identical
injuries. Although a thorough review of intervention studies is
beyond the scope of this report, psychological interventions that
augment somatic treatments have been shown to decrease pain

reports, decrease emotional distress, and more importantly, in
crease functional quality of life.61 '65'66
COMPLIANCE WITH REHABILITATION

Physiologic and psychological changes that occur with
injury have been clearly documented. Because the rehabilita
tion process varies among individuals with the same injury, it
is important for ATCs to identify both physiologic and psy
chological facets of athletic injury response in order to appro
priately treat and rehabilitate athletes to their preinjury state. 67"70
As Taylor and Taylor71 have reported, the course of reha
bilitation is not always consistent. Psychological factors may
influence treatment compliance in several ways. Taylor and
May69 found that more than half of injured patients failed to
comply to some degree with a rehabilitation program, and
more than 200 variables covering multiple domains (eg,
physiologic, medical, educational, and psychological) have been
associated with rehabilitation compliance.72'73 Taylor and Tay
lor71 suggested that psychological interventions can be used to
help with the recovery process. For example, confidence, moti
vation, and anxiety have been identified as 3 psychological factors
that are either positively or negatively significantly related to
adherence with and quality of rehabilitation.3'71 '74 Current re
search indicates that attentional focus may be a fourth psycholog
ical factor that is believed to aid in the rehabilitation and recovery
process.40'71 That is, if injured athletes are not distracted by
internal or external cues, then they may be better able to increase
their attention to rehabilitation tasks.
Taylor and Taylor71 have indicated how all 4 psychological
factors can be addressed throughout the phases of rehabilitation
by using the following interventions: (1) motivation and team
building, (2) goal setting, (3) imagery, (4) visualization, (5)
mental training, (6) biofeedback, (7) self-talk, (8) attention
control, (9) relaxation, and (10) stress inoculation train
ing.60'64'75" 81 These psychological interventions may complement
the typical therapeutic modalities ATCs use in the recovery
process.38'71 For example, a performance-enhancement, groupintervention program was developed to enhance the rehabilitation
process by integrating sport psychology interventions and tradi
tional sport medicine therapies through collaboration among
professionals (eg, sport physicians, athletic trainers, sport psychol
ogists, athletic department personnel).82 Further empiric study is
necessary to document the proposed effectiveness of psycholog
ical interventions to improve rehabilitation outcomes. However, in
a well-designed, randomized, control study, a brief cognitivebehavioral intervention significantly improved physical and emo
tional outcomes among patients after meniscal surgery.80
In order to better target psychological interventions, the
current focus of research has been to identify the links between
the postinjury psychosocial variables and rehabilitation adher
ence and compliance. 56'74'83" 88 Interestingly, several psychosocial variables (eg, social support, pain tolerance, selfmotivation) have been identified by both therapists and injured
athletes as important to rehabilitation compliance.73 -89 "91 So
cial support, pain tolerance, and self-motivation have been
positively associated with rehabilitation adherence.2 Unfortu
nately, many studies have used retrospective designs that asked
recovered athletes to identify relevant psychosocial factors
rather than assessing psychosocial factors at the beginning of
treatment and prospectively testing their association with
rehabilitation compliance.

However, several methodologically strong studies demon
strated that the quality of social support is a predictor of compli
ance in the general medical population,86 and social support has
been inversely correlated with postinjury depression and posi
tively associated with rehabilitation compliance in sport popula
tions.92'93 For example, Fisher et al3 specifically evaluated the
personal and situational factors related to rehabilitation compli
ance. The sample consisted of injured college athletes (n = 41),
who were classified into 1 of 2 groups (adherent and nonadherent). The athletes were categorized by ATCs based on attendance
at rehabilitation sessions and the comparison of expected progress
and actual progress. Social support was significantly positively
related to adherence based on the Rehabilitation Adherence
Questionnaire (RAQ). Also using the RAQ, Byerly et al92
examined 44 injured male and female athletes and found signif
icantly lower levels of pain and significantly higher levels of
social support among the adherent athlete group as compared with
the nonadherent group. However, the RAQ has been shown to
have serious psychometric shortcomings that call into question
results from studies based on it.94
Other psychosocial variables correlated with rehabilitation
adherence include coping strategies, personality traits, motiva
tion, and perception of rehabilitation.56'69'74'83" 85'95"97 Cogni
tive-appraisal models have been used to provide a theoretical
perspective to explain how perceptions of events (eg, injury),
environment (eg, rehabilitation setting), and resources (eg,
coping strategies) act in synergistic fashion to influence emo
tional states (eg, motivation) and behavior (eg, compliance/
noncompliance). Person- and situation-related factors are
thought to influence the appraisal process. Specifically, cogni
tive-appraisal models posit that when holding the type of injury
constant, the perceived threat of injury to one's well being
(primary appraisal) and perceived ability to cope (secondary
appraisal) largely determine the consequent level of emotional
distress. In turn, adaptive coping behavior (eg, setting rehabil
itation goals, using social support) and maladaptive coping
(eg, use of alcohol) largely determine the degree to which
emotional distress subsides or remains constant. Negative
emotional states may also impair self-regulatory behavior and
harm initial rehabilitation compliance.98'99 The consensus of stud
ies suggests that cognitive-appraisal models provide the strongest
evidence supporting the role of coping and social support factors
that may influence both psychological responses to injury
and subsequent rehabilitation adherence.52'83'97"99 For example, in a
12-week prospective study, Udry97 evaluated 25 injured athletes who
sustained an anterior cruciate ligament injury requiring surgery. The
intent of the investigation was to identify the degree to which social
support and coping strategies predicted rehabilitation compliance
among injured athletes. Instrumental coping was positively associated
with adherence, whereas palliative coping was negatively associated
with adherence.
In a similarly designed study, Daly et al83 evaluated 31 male
and female recreational and competitive athletes requiring
arthroscopy or open knee surgery. Cognitive appraisal (per
ceived ability to cope with injury), mood disturbances, and
adherence (attendance and compliance) were measured in
a prospective design. Cognitive appraisal was significantly
inversely associated with emotional disturbance in that low
levels of perceived ability to cope with injury were associated
with high levels of mood disturbance. Furthermore, mood
disturbance was inversely related to rehabilitation session
attendance. Although cognitive-appraisal models show prom
ise and have been developed to explain the interrelationships
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among health effects, emotional distress, and treatment com
pliance, inconsistencies in the definition of compliance and the
variety of measures used have hampered interpretation of study
results. However, accumulated evidence does suggest that
providing emotional support and fostering injured athletes'
self-perceived coping abilities are counseling strategies that
ATCs may use to improve rehabilitation compliance.
EDUCATION AND TRAINING IMPLICATIONS FOR
ATCS

Many trained professionals, such as physicians, physical
therapists, ATCs, and sport psychologists, have been working
together to provide the necessary aids to support patients and
prevent rehabilitative setbacks. 60'64'71 In 1993, the NATA
completed the Role Delineation Study to develop a matrix of
professional skills to be performed by the entry-level ATC9' 10 ;
the Study was updated in 1999. Ten specific competencies
transcend the 6 major domains. One specific competency is
psychology/counseling, which encompasses all 6 domains: (1)
prevention of athletic injury; (2) recognition, evaluation, and
assessment of athletic injury; (3) immediate care of athletic
injury; (4) treatment, rehabilitation, and reconditioning of
athletic injury; (5) organization and administration of athletic
injury; and (6) professional development and responsibility. 8
A debate exists as to whether ATCs believe they have achieved
the required level of counseling competency. 11 ' 100' 101 For
example, Larson et al 11 reported that nearly three fourths (71%) of
nationally surveyed ATCs revealed an encounter with stress and
anxiety among injured athletes. More than half (53%) noted that
athletes experienced significant levels of emotional distress, and
treatment compliance problems were common. Most ATCs
(85%) reported that a course in sport psychology was "relatively
important" or "very important" in the education of ATCs. Yet,
only half (54.1%) of ATCs had taken a formal sport psychology
course, and many felt unprepared to handle the counseling
component. Although the Commission on Accreditation of Allied
Health Education Professionals (CAAHEP) accreditation stan
dards require formal instruction in psychology, an introductory
psychology class contains neither a thorough review of psychopathology nor training in counseling and interviewing techniques.
These data suggest that although ATCs frequently encounter
injury-induced disruption to athletes' total well being, training in
how to properly address mental health issues that accompany
athletic injury is lacking.
Further, Moulton et al 100 found that ATCs are confronted
with athletes' personal issues in addition to their athletic injury
issues. Not surprisingly, only 36% of ATCs reported that they
received adequate training in basic counseling skills, and 79%
expressed a need for continuing education credits focusing on
counseling issues. A total of 86% indicated that the sports
medicine staffs were aware of the on-campus support services,
and 71% reported referring athletes, which is appreciably
higher than the referral rate (24%) reported in the Larson et al 1 '
study. However, the study by Moulton et al 100 was limited to
15 men and women ATCs employed in the NCAA Division I
Southern conference, whereas Larson et al 11 surveyed a na
tional sample of ATCs drawn from various geographic loca
tions and employment settings. The referral rate data suggest
that significant numbers of injured athletes with pronounced
psychological distress are not referred for counseling. Al
though it is possible that ATCs are providing counseling to
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distressed athletes, survey data suggest that ATCs believe they
are less well trained in counseling than in other competencies.
It is not surprising to find that ATCs do not feel qualified to
counsel athletes or to properly identify the psychological
components of injury. First, not all candidates who sit for the
NATA certification examination are expected to take a formal
course in psychology/counseling. Therefore, the students pur
suing the internship route to certification may not even be
exposed to a general psychology course. Further, students
pursuing the internship route to certification have a significantly
lower passing rate for all 3 components (ie, written, written
simulation, and practical) of the NATA certification examination
than students completing an accredited educational program to
certification. 102 The finding that internship students have diffi
culty passing the examination in the areas of basic knowledge and
skills of athletic training suggests that the psychological aspects of
injury may be even more difficult to learn without organized
instruction. Second, only 40% of the first-time candidates who
take the NATA examination have graduated from a curriculum
program, which suggests that most ATCs may not have been
exposed to a psychology course. 102 In addition, not all ATCs
enrolled in academic programs receive the same educational
training in psychology before sitting for the NATA certification
examination. 100 In fact, the formal instruction in psychology
required by CAAHEP accreditation standards to fulfill the psy
chology/counseling universal competency may be obtained in
courses not devoted to psychology. Therefore, evidence is mini
mal that ATCs routinely take a specific course in psychopathology or the psychology of injury. Finally, although 40% of
NATA-certified athletic trainers have advanced degrees, there
is little documentation that they received a graduate course
related to psychology/counseling. 103
DISCUSSION

The data indicate that psychological distress follows athletic
injury and that injury severity is associated with prolonged
psychological distress, including clinical depression.48'51 '57 In
addition, psychological factors reliably predict the occurrence of
injury and can alter rehabilitation adherence, compliance, and
recovery.2'71 '75'83 Moreover, psychological distress may persist
even after physical recovery has been completed.58 Last, psychosocial factors related to injury and injury recovery can be
overlooked by ATCs, but knowledge of these factors and of
appropriate mental health referral sources may enhance the
effectiveness of ATCs.67
Although many athletic trainers do not have formal courses in
counseling, athletic trainers and other allied health professionals
believe that athletic trainers are in an ideal position to facilitate
psychological recovery from athletic injuries and to apply ba
sic counseling skills (eg, active listening) and psychological
principles (eg, goal setting) to facilitate rehabilitation.7' 11 ' 104' 105
However, many athletic trainers do not have formal courses in
counseling, and the extant data clearly indicate that ATCs may
benefit from additional psychology training. For example, the
American Psychiatric Association identifies many features asso
ciated with psychological distress and a variety of clinical syn
dromes, such as depression, adjustment reactions, and anxiety
disorders, that may be present among injured athletes. 106 ATCs
who are not able to recognize many of these common features
may not be as effective in their work as they could be. Although
no court cases bear directly on the issue of professional negli
gence, presumably because ATCs work under the direction of

physicians, any effort to gain independent treatment-provider
status may place a greater legal burden on ATCs to satisfy NATA
competency requirements. The psychology and counseling com
petency includes the recognition and appropriate disposition of
pronounced psychological distress. Additionally, athletic trainers,
and more importantly injured athletes, may benefit from the
introduction of counseling techniques to complement somatic
modalities routinely applied in sports medicine centers.71
However, there is very little evidence that ATCs believe
they have the appropriate training for the psychology/
counseling universal competency outlined by the NATA. 8
Furthermore, based on the NATA Code of Ethics Membership
Standards, Membership Sanctions and Procedures, 101 ATCs
are to provide services for which they are qualified, and they
have an obligation to update their knowledge and skills
commensurate with treatment advances in the field. The data
clearly indicate the importance of structured educational train
ing in the area of psychological aspects of athletic injury for
100,108

RECOMMENDATIONS

ATCs are professionals who have traditionally provided
guidance and assistance to athletes, especially when injured, to
function more effectively in practices, competitions, and dayto-day life. Therefore, the NATA has identified psychology/
counseling as a competency. 8 Considering that three fourths of
nationally surveyed ATCs indicated that they do not have
access to a sport psychologist, it would be advantageous for
ATCs to gain adequate training in the recognition and evalu
ation of psychological features that may be relevant to the
onset of and response to athletic injury. After gaining this
knowledge, ATCs may be in a better position to make referrals
to mental health care providers and to use psychological
principles to enhance treatment compliance. 11 Additionally,
instruction in the systematic use of goal-setting and painmanagement strategies are 2 cognitive-behavioral interven
tions ATCs may use with appropriate training under the
supervision of a trained specialist. Although goal setting is
commonly used in sports medicine clinics, its effectiveness
may be enhanced by instruction in the latest methods. Also,
pain usually hinders the rehabilitation process. If ATCs are
able to help athletes learn pain-management skills, injured
athletes may be able to use their time more effectively during
rehabilitation and better tolerate the demands of day-to-day
functioning. Teaching injured athletes to take a more active
part in injury recovery may also lead to increased rehabilitation
compliance. Methods to improve knowledge in this area exist.
Continuing education units (CEUs) in the form of coursework or workshops could be 1 method for ATCs to receive
psychology training. Presently, ATCs are required to obtain 80
CEUs in a 2-year period, of which 55 units can be devoted to
the psychology/counseling competency. NATA-approved
workshops could be presented to groups of ATCs by profes
sionals (eg, psychologists, counselors, ATCs) who have exper
tise regarding the psychological aspects of athletic injury.
A second recommendation is to include formal instruction in
the psychology of injury or medical psychology within the
athletic training curriculum. This method would be most
beneficial to students currently enrolled in an accredited
program. Gordon et al 108 proposed a 3-year psychoeducational
curriculum for sport injury rehabilitation personnel. The pro
posed curriculum incorporates didactic teaching and practicum

seminar instruction, including written examinations, role plays,
video analysis, interviews, and goal setting. This curriculum is
designed to "facilitate the engagement of clients in collabora
tive rehabilitation" and is presently used in a nursing and
occupational therapy program at Curtin University in western
Australia. 108 Although the program content is comprehensive,
the curriculum would be difficult to incorporate into existing
athletic training programs without employing new faculty.
Alternatively, a psychology of sport injury class could teach
ATCs how to identify the psychological signs and symptoms
indicative of maladjustment to injury or illness and how to
implement psychological principles to facilitate rehabilitation
compliance. The course may also cover basic training in the
application of psychological principles and counseling skills.
Lacking faculty with expertise to teach an entire psychology of
sport injury course, a program could require a psychopathology
or medical psychology class, either of which would provide
instruction in the recognition of behavioral manifestations of
psychological distress and referral procedures. Knowledge in
these areas may help ATCs to initiate contact with mental
health professionals, and ATCs may be more likely to refer
athletes, when necessary, if they can recognize symptoms of
psychological distress. If these courses were not available at
the accredited institutions, guest lecturers specializing in the
psychology of sport injury could provide supplemental lectures
to established athletic training courses. Distance learning of
these lectures could benefit athletic trainers who are already
certified with either CEUs or graduate course credit.
We recommend that ATCs increase their knowledge of
psychology and counseling not to advocate that ATCs provide
therapy to injured athletes (or athletes at risk for injury).
However, many counseling skills, such as active listening and
the provision of emotional support, can be offered with little
additional time investment, and the effects can be therapeutic.
Moreover, the application of psychological principles (eg, goal
setting and self-monitoring, relaxation training) may also
enhance rehabilitation compliance, quality of sleep, and pain
tolerance. With increased knowledge of counseling and psy
chology, ATCs may be more effective in making referrals to
mental health professionals and in their functioning as part of
an interdisciplinary treatment team to enhance injured athletes'
physical and psychological well-being.
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Youth Sports: A Pediatrician's Perspective
on Coaching and Injury Prevention
Michael C. Koester, MD, ATC
Good Shepherd Community Hospital, Hermiston, OR
Objective: My objective is to review the factors that influ
ence youth participation in sports, to discuss the role coaches
may play in youth sports injuries, and to call on athletic trainers
and other health professionals to become involved in youth
sports in an effort to limit injury risk.
Background: Millions of American youths participate in team
sports. Their primary motivation to participate is to have fun.
Unfortunately, large numbers of participants have sustained
correspondingly large numbers of injuries. Many injuries can be
attributed to improper technique and conditioning methods
taught by volunteer coaches. Although not the only contributors
to injuries, these may be the most amenable to preventive
measures, such as formal instruction for coaches in the areas of
proper biomechanics and player-coach communication.

N

early 20 million youths between the ages of 6 and 16
years old participate in a vast array of nonscholastic
organized sports, with an additional 6 to 7 million high
school students involved in school-sponsored athletic activity
yearly. 1 Not surprisingly, such large numbers of participants
and a myriad of other factors have led to rather startling injury
statistics. Young girls playing organized sports have an esti
mated injury rate of 20 to 22 per 100 participants per season,
while boys have an almost doubled risk of 39 per 100
participants per season.2 Recent data show that sports and
recreational activities account for 32.3% of all serious injuries
in children ages 5 to 17 years. 3
Numerous studies and review articles have reviewed the
potential causes for injury in youth sports participants, often
stressing the unique physiologic and biomechanical aspects of
the growing body.4 "7 In addition, the literature regarding the
effects of life stress on injury occurrence is expanding. 8'9
Although this area has not yet been scientifically investigated,
anecdotal evidence implies that improper training methods and
lack of proper sport-specific techniques also contribute to
injury. Some sports medicine professionals point directly to
poor coaching as a factor in injury. 10
Injury has always been recognized as a natural risk of
participation in organized sport. However, many injuries may
be preventable, particularly those resulting from a lack of
proper, well-supervised training and participation. My purpose
is to review the factors that influence youth participation in
sports, to discuss the role coaches may play in youth sports
injuries, and to call on athletic trainers and other health
Address correspondence to Michael C. Koester, MD, ATC, 105 SE
Crestline Drive, Hermiston, OR 97838. E-mail address:
mkoester@eoni.com
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Description: I provide an overview of the reasons why
children participate in sports, discuss participation motivation,
and review the literature on coaches' communication methods
that have been proved effective in maximizing learning and
enjoyment for young athletes.
Clinical Advantages: This article provides certified athletic
trainers with the background knowledge needed to take an
active role in youth sports injury prevention at the community
level.
Key Words: young athletes, sports psychology, participation
motivation, injury prevention, coaching

professionals to become involved with youth sports in their
communities in an effort to limit injury risk. Also, I hope to
stimulate athletic trainers to increase their knowledge in
pediatric sports medicine.
Athletic trainers are viewed as sports injury experts by
parents, coaches, and, increasingly, the medical profession. In
this role, they can help to educate parents and coaches in injury
prevention. Granted, other factors lead to injury, but they are
not the focus of this discussion. Here, I present a primer for
sports injury prevention by first making sure that coaches are
emphasizing fun and fundamentals in working with their young
athletes.
HISTORY OF YOUTH SPORTS IN THE UNITED
STATES

The industrialization and urbanization of the 19th century
led to the creation of organized youth sports in America. Early
youth sports organizations had their origins within local
schools and churches, as physical activity was thought to be
character building. In the 1890s, the YMCA first began
offering the opportunity for young men to compete against
each other. The founding of New York City's Public School
Athletic League in 1903 ushered in the explosion of organized
sports participation in the first half of the 20th century. 11 By
the 1930s, professional team sports such as football and
baseball became a significant part of America's popular
culture, and involvement in youth sports paralleled this rapid
rise in popularity.
In the 1930s, opposition to youth competitive leagues arose,
and these organizations began to fall under the auspices of
community groups, rather than churches and schools. Many
educational leaders were opposed to children's involvement in

competition for a variety of reasons, including premature
specialization and the potentially harmful psychological effects
of competition. 11 At that time, several schools did disband
competitive leagues for elementary school-aged children. This
shift in philosophy in the school systems had repercussions that
are still felt today. As physical educators and other teachers
played less of a role in coaching school-sponsored sports,
thousands of parents and others with no formal training in
coaching or child development took their place. 12
Despite opposition, youth sports continued to grow in
popularity. Between the founding of Little League Baseball in
1939 and the mid 1960s, numerous youth sports organizations
were formed on the national level. The 1970s and 1980s saw an
ever-increasing number of young women and girls playing
individual and team sports, as previous barriers to participation
were overcome both legally and socially, although calls to ban
competitive youth sports continued. 13
FACTORS IN PARTICIPATION

Why do children choose to participate in organized sports?
Study in the arena of participation motivation has burgeoned in
the past 2 decades. The research centers on the reasons
individuals adopt for initiating, continuing, and sustaining
involvement in physical activity, as well as the reasons for
discontinuing involvement. 14 Not surprisingly, many studies
have concluded that "having fun" is the primary reason
children choose sports participation. 15' 16 Skill development,
making friends through team involvement, the challenge of
sports, and improving physical fitness were also commonly
found factors lending to participation. Interestingly, in what is
likely a symptom of changing family structures in the United
States, Stern et al 16 found that preadolescents in an urban boys
club basketball league also ranked "having a coach to look up
to" rather highly.
Research in recent years has demonstrated that perceived
confidence and perceived ability also play major roles in
participation motivation. 14' 17' 18 Harter termed this competence
"motivation theory" and postulated that individuals are moti
vated to demonstrate competence in an achievement area and
do so by engaging in mastery attempts. 14 Although a more
detailed discussion of competence motivation is beyond the
scope of this article, a few significant findings put the theory
into perspective. Children who tested highly in perceived
physical competence were motivated by the prospect of further
skill development, while gymnasts high in perceived social
competence were motivated by the affiliation aspects of their
sport. 17 In what could be the paradigm of Harter' s theory,
Orlick 18 interviewed children who had never participated in
organized youth sports programs and discovered that 75%
wanted to participate but did not try out for a sport because
they felt they were not good enough.
Many youngsters eventually choose to discontinue sports
participation, as many as 50% according to 1 study. 19 The
reasons for this high rate of attrition are varied but include
interest in other sports, outside interests other than sports, lack
of playing time, overemphasis on competition, and dislike of
the coach. DuRant et al 1 found injury to be the most common
factor in the discontinuation of school sport involvement
among 674 high school students. Sadly, attrition among ele
mentary school-aged participants results from little success, a
lack of playing time, and "absence of fun."20

THE ROLE OF THE COACH IN YOUTH SPORTS
Although they are often the subject of a great deal of
criticism, 10' 15 no one plays a more vital role in the lives of
young athletes than their coaches. According to Engh,21 85%
of coaches are either parents or other interested persons who
have no formal training in coaching. The need for coaches has
quadrupled over the last 20 years, which has led to a shortage
of qualified applicants. 15 Perhaps not coincidentally, health
care professionals feel that injuries resulting from organized
sports activity have been on the rise in recent years. 7' 10
Athletic injuries that occur in children can be divided into
macrotrauma (fractures, sprains) and microtrauma (enthesitis,
tendinitis). Microtrauma is often said to be secondary to
overuse. In fact, these injuries generally result from a combi
nation of overuse and misuse. Many young athletes are never
taught the proper conditioning methods or technique for their
sports.7 Youngsters and coaches alike often fall prey to the
"more is better" philosophy of sports training, attempting to do
"too much, too soon" while also using improper biomechanics.
Many coaches simply do not have the proper knowledge
base for instructing in correct sport techniques. 15 Volunteers
without formal training often base their coaching style and
techniques on their own personal experiences. Even trained
coaches will likely have learned many of the technical aspects
of their job by observing and listening to other coaches. 22 Both
of these styles of acquiring coaching knowledge are prone to
misinformation and improper theory being perpetuated for
years, setting the stage for injury.
PLAYER-COACH COMMUNICATION

A vital but often overlooked component of the playercoach relationship is communication. Sports psychologists
have found that the manner in which a coach communicates
with his or her athletes not only affects how players perceive
their own abilities but can also affect the athletes' ability to
assimilate technical instruction. 23 Much of this research
again centers on competence motivation theory. Horn 24
found that skill improvement accounted for the greatest
variance in self-perception among junior high school female
softball players. Surprisingly, players who received more
frequent positive reinforcement actually scored lower in
perceived physical competence than those who received
more frequent criticism. This appears contradictory at first
glance; however, Horn24 also observed that positive rein
forcement was often given unconditionally to players with
less ability (eg,"good job" and "nice try") without regard for
their effort. Players with more ability received skill-relevant
information as part of the criticism (eg, "use 2 hands," "keep
your glove down").
Although the above-mentioned research only looked at the
effects of communication on athletes' self-perceptions and
feelings about aspects of competition, there are further impli
cations of these findings. If improper technique does indeed
lead to a number of injuries, as is believed to be the case,
simply using new methods of communication and instruction
may result in a decline in injuries. Such communication may be
even more important for younger children, because it is
believed that children who are beginning to attain skills depend
even more on adult evaluation.
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OFFERING A SAFE ENVIRONMENT TO YOUTH
SPORTS PARTICIPANTS

It has been estimated that a young athlete spends an average of
326 hours of practice time under supervision of a coach during 1
athletic season, dwarfing the time spent with teachers, health
educators, and physicians.25 This has led to a recent call for
coaches to take a more active role in health education and to use
the athlete-coach relationship to modify high-risk behaviors and to
focus on social-skills training and character formation.25 Ideally,
the above call would be an outstanding plan. However, to heap
more responsibility onto well-meaning but undertrained individ
uals is unproductive and detrimental. At this point, we must ask of
coaches only that they foster an environment in which children
can participate in athletics with a minimal chance of injury and
enjoy themselves while doing so.
How can this goal be accomplished? Injury prevention in the
growing athlete centers on the principles of effective coaching,
proper training habits, maintenance of flexibility, and the
consistent use of correct biomechanics. First, coaches must be
knowledgeable in the technical aspects of the sport they coach.
Specifically, they must be aware of the proper biomechanics
and training techniques required by that sport. Fundamentals
are essential to all athletes but they are even more important to
young, skeletally immature participants, who are at high risk
for tendon and muscle injuries imparted by the more stressful
forces caused by poor biomechanics.
Second, coaches must be aware of the emotional and
psychological developmental stages of children and adoles
cents and not treat them like "little adults."26 We cannot ask
our coaches to be formally trained in child psychology, but we
must expect them to always have the youngsters' best interests
at heart and to keep instructions, expectations, and goals
developmentally appropriate (Table 1). We are all aware
(personally or professionally) of the emotional trauma and
stress that can be inflicted on young athletes. However, despite
our perceptions and societal stereotypes, athletics may not be
as stressful as other activities for school-aged children. Simon
and Martens27 found that children performing band solos
experienced more anxiety than athletes, and among the sports
compared, only wrestling was significantly more anxiety
arousing than test taking.
Finally, coaches can be trained through formal instruction in
methods of communicating with young athletes to avoid
emotional conflict, foster positive attitudes, and improve skills.
Over the past decade and a half, Smith and Smoll23 and Smith
et al28'29 have carried out a series of studies with Little League
baseball players in which they proved the effectiveness of
certain communication techniques used by coaches. Players

enjoy competition more and find their coaches to be more
effective than coaches not trained in such techniques. 29 The
players also scored higher in self-esteem than controls. The
coaches' behavior that the athletes found most beneficial was
error-contingent, corrective instruction (eg, "you dropped the
ball because you didn't use 2 hands"). Such training could
result in a decrease in injuries because properly informed
coaches may more effectively instruct their players in the
correct technique.
As I have detailed, children participate in sports to have fun.
That participation is usually discontinued either because of
injury or because the young athlete is no longer having fun.
Therefore, our efforts must be directed toward the twin goals of
preventing injury and maximizing enjoyment of the sport. As
discussed, training programs are an effective way of increasing
coaches' knowledge bases and communication abilities, both
of which will lead to fewer injuries (Table 2). It is unlikely,
however, that most volunteer coaches will have the opportunity
to take advantage of these courses. However, we must make
our local coaches aware of such programs and strongly
encourage attendance. Many courses are short (half day) and
relatively inexpensive. Travel costs could be defrayed by
applying a portion of the league sign-up fees.

ROLE OF THE ATHLETIC TRAINER IN YOUTH
SPORTS
Only at the elite levels of competition are youth sports partic
ipants assured access to athletic trainers and sports medicine
physicians. Millions of other active youngsters are often without
timely or proper injury-prevention techniques, acute injury eval
uation, and rehabilitation assistance. Many, but certainly not all,
high school student-athletes have an athletic trainer or team
physician available, at least on a part-time basis. Younger athletes,
however, have only their coach available for acute injury care and
rehabilitation guidance. Compounding matters, the family physi
cian or pediatrician evaluating the young athlete usually has little
understanding of the causes of pediatric sports injuries or the
principles of rehabilitation.
Given the current inequities of youth sports injury preven
tion and care in the United States, the athletic training
profession could benefit young athletes nationwide by making
a concerted effort at the local, state, and national levels to
become involved with youth sports programs. Ideally, athletic
trainers can begin by organizing coaching clinics to highlight
the uniqueness of young athletes and their susceptibility to
injury. Strength and conditioning principles, the bedrock of
injury prevention, can also be taught. Youth sports coaches can

Table 1. Developmentally Appropriate Coaching Methods and Principles for Young Athletes
Developmental Level

Task

Elementary school

Practice of learned skills

Adolescence

Achievement of autonomy

Adapted with permission from Libman. 12
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Method/Principle
Recognize heavy dependence on adult input for sense of competence
Provide repetitive instruction and emotional support
Reinforce effort and progress, not results: strive to achieve, not to win
Motivate based on positive accomplishments, not fear of failure
Define mistakes as "learning opportunities"
Provide advanced instruction to improve skills and knowledge base
Support autonomy by fostering internalized performance standards
Provide feedback contingent on performance: praise only when appropriate
Recognize that critical comments are often perceived as a threat to autonomy;
provide corrective instruction

Table 2. Organizations Offering Instructive Programs for
Coaches
National Youth Sports Coaches Association
2050 Vista Parkway
West Palm Beach, FL 33411
561-684-1141
American Coaches Effectiveness Program
1607 North Market Street
Champaign, IL61820
800-747-4457
www.humankinetics.com
Youth Sports Institute
Michigan State University
213 IM Circle
East Lansing, Ml 48824

517-353-6689

college settings, the public will become more aware of athletic
trainers and their role in sports injury care.
Obviously these goals cannot be accomplished overnight,
nor without great effort or organization. I am not asking
athletic trainers to act alone, but I am calling for involvement
by many in each community, including physicians, nurses,
physical therapists, psychologists, teachers, and coaches. All
must be vocal advocates for child safety issues, becoming
involved not just as professionals, but as parents, grandparents,
aunts, uncles, and friends. Programs such as the National
Athletic Trainers' Association-endorsed National Safe Kids
Campaign31 should also be vigorously supported. While we
must keep in mind that risks are always inherent risks in
physical activity, our goal should be to create as safe and
enjoyable as environment as possible in which our children can
participate.

E-mail: ythsprts@msu.edu
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participation immediately and seek medical care. Such knowl
edge would limit further, more serious injuries. The focus of all
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3. Strategies to take unfair advantage of opponents are developed.
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5. Winning the game is more important than winning friends,
respect, self-confidence, skill, and self-worth.
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Position Statement: Lightning Safety for
Athletics and Recreation
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Objective: To educate athletic trainers and others about the
dangers of lightning, provide lightning-safety guidelines, define
safe structures and locations, and advocate prehospital care
for lightning-strike victims.
Background'. Lightning may be the most frequently encoun
tered severe-storm hazard endangering physically active peo
ple each year. Millions of lightning flashes strike the ground
annually in the United States, causing nearly 100 deaths and
400 injuries. Three quarters of all lightning casualties occur
between May and September, and nearly four fifths occur
between 10:00 AM and 7:00 PM, which coincides with the hours
for most athletic or recreational activities. Additionally, lightning
casualties from sports and recreational activities have risen
alarmingly in recent decades.
Recommendations: The National Athletic Trainers' Associ
ation recommends a proactive approach to lightning safety,
including the implementation of a lightning-safety policy that
identifies safe locations for shelter from the lightning hazard.
Further components of this policy are monitoring local weather
forecasts, designating a weather watcher, and establishing a

O

ver the past century, lightning has consistently been 1
of the top 3 causes of weather-related deaths in
this country. 1 '2 It kills approximately 100 people and
injures hundreds more each year. 2"5 Lightning is an enormous
and widespread danger to the physically active population, due
in part to the prevalence of thunderstorms in the afternoon to
early evening during the late spring to early fall and a
societal trend toward outdoor physical activities. 2'3'6 Certain
areas of the United States have higher propensities for thun
derstorm activity, and thus, higher casualty rates: the Atlantic
seaboard, southwest, southern Rocky Mountains, and southern
plains states.2'7
Worldwide, approximately 2000 thunderstorms and 50 to
100 lightning flashes occur every second. 8 In 1997, the
National Lightning Detection Network recorded nearly
27 000 000 cloud-to-ground lightning strikes in the United
Address correspondence to National Athletic Trainers' Association,
Communications Department, 2952 Stemmons Freeway, Dallas, TX
75247.

chain of command. Additionally, a flash-to-bang count of 30
seconds or more should be used as a minimal determinant of
when to suspend activities. Waiting 30 minutes or longer after
the last flash of lightning or sound of thunder is recommended
before athletic or recreational activities are resumed. Lightningsafety strategies include avoiding shelter under trees, avoiding
open fields and spaces, and suspending the use of land-line
telephones during thunderstorms. Also outlined in this docu
ment are the prehospital care guidelines for triaging and
treating lightning-strike victims. It is important to evaluate
victims quickly for apnea, asystole, hypothermia, shock, frac
tures, and burns. Cardiopulmonary resuscitation is effective in
resuscitating pulseless victims of lightning strike. Maintenance
of cardiopulmonary resuscitation and first-aid certification
should be required of all persons involved in sports and
recreational activities.
Key Words: lightning, policies and procedures, lightning
casualties, severe-storm hazards, environmental hazards,
emergency action plan, thunderstorms, lightning-safety policy,
athletics, recreation

States (Christoph Zimmerman, Global Atmospherics, Inc,
Tucson, AZ, unpublished data). Many of these strikes caused
fires, power outages, property damage, loss of life, and
disabling injuries. Property damage from lightning is estimated
to cost $5000000000 to $6000000000 annually in this
country.9 While print and television news reports of lightningstrike incidents to recreational athletes are frequent during the
thunderstorm season, many people are unsure about what to do
and where to go to improve their safety during thunderstorms.
It is incumbent on all individuals, particularly those who are
leaders in athletics and recreation, to appreciate the lightning
hazard, learn the published lightning-safety guidelines, and act
prudently, wisely, and in a spirit that will encourage safe
behavior in others.
The guidelines presented in this article govern all outdoor
activities, as well as indoor swimming-pool activities. The
purpose of this position statement is to recommend lightningsafety policy guidelines and strategies and to educate athletic
trainers and others involved with athletic or recreation activi
ties about the hazards of lightning.
Journal of Athletic Training
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RECOMMENDATIONS
1. Formalize and implement a comprehensive, proactive
lightning-safety policy or emergency action plan specific
to lightning safety. 1 '7' 10 " 14 The components of this policy
should include the following:
A. An established chain of command that identifies who is
to make the call to remove individuals from the field or
an activity.
B. A designated weather watcher (ie, a person who actively
looks for the signs of threatening weather and notifies
the chain of command if severe weather becomes
dangerous).
C. A means of monitoring local weather forecasts and
warnings.
D. A listing of specific safe locations (for each field or site)
from the lightning hazard.
E. The use of specific criteria for suspension and resump
tion of activities (refer to recommendations 4, 5, and 6).
F. The use of the recommended lightning-safety strategies
(refer to recommendations 7, 8, and 9).
2. The primary choice for a safe location from the lightning
hazard is any substantial, frequently inhabited building.
The electric and telephone wiring and plumbing pathways
aid in grounding a building, which is why buildings are
safer than remaining outdoors during thunderstorms. It is
important not to be connected to these pathways while
inside the structure during ongoing thunderstorms.
3. The secondary choice for a safer location from the light
ning hazard is a fully enclosed vehicle with a metal roof
and the windows closed. 1 '7' 10' 11 ' 13 ' 14 Convertible cars and
golf carts do not provide protection from lightning danger.
It is important not to touch any part of the metal frame
work of the vehicle while inside it during ongoing thun
derstorms.
4. Seeking a safe structure or location at the first sign of
lightning or thunder activity is highly recommended. By
the time the flash-to-bang count approaches 30 seconds (or
is less than 30 seconds), all individuals should already be
inside or should immediately seek a safe structure or
location. 1 ' 13" 15 To use the flash-to-bang method, the ob
server begins counting when a lightning flash is sighted.
Counting is stopped when the associated bang (thunder) is
heard. Divide this count by 5 to determine the distance to
the lightning flash (in miles). For example, a flash-to-bang
count of 30 seconds equates to a distance of 6 miles
(9.66 km).
5. Postpone or suspend activity if a thunderstorm appears
imminent before or during an activity or contest (regard
less of whether lightning is seen or thunder heard) until the
hazard has passed. Signs of imminent thunderstorm activ
ity are darkening clouds, high winds, and thunder or
lightning activity.
6. Once activities have been suspended, wait at least 30
minutes after the last sound of thunder or lightning
flash before resuming an activity or returning out
doors. U3-' 5 A message should be read over the public
address system and lightning-safety tips should be placed
in game programs alerting spectators and competitors
about what to do and where to go to find a safer location
during thunderstorm activity. 13' 15
7. Extremely large athletic events are of particular concern with
regard to lightning safety. Consider using a multidisciplinary
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8.
9.

10.

11.

12.
13.

approach to lessen lightning danger, such as integrating
weather forecasts, real-time thunderstorm data, a weather
watcher, and the flash-to-bang count to aid in decision
making.
Avoid being in contact with, or in proximity to, the highest
point of an open field or on the open water. Do not take
shelter under or near trees, flag poles, or light poles. 1 '8' 10' 13"15
Avoid taking showers and using plumbing facilities (includ
ing indoor and outdoor pools) and land-line telephones during
thunderstorm activity. >8' 10' 13"15 Cordless or cellular tele
phones are safer to use when emergency help is needed.
Individuals who feel their hair stand on end or skin tingle or
hear crackling noises should assume the lightning-safe posi
tion (ie, crouched on the ground, weight on the balls of the
feet, feet together, head lowered, and ears covered). Do not lie
flat on the ground. 1 '8' 10' 13"15
Observe the following basic first-aid procedures, in order, to
manage victims of lightning strike 16 :
A. Survey the scene for safety. Ongoing thunderstorms may
still pose a threat to emergency personnel responding to
the situation.
B. Activate the local emergency management system.
C. Move the victim carefully to a safer location, if needed.
D. Evaluate and treat for apnea and asystole.
E. Evaluate and treat for hypothermia and shock.
F. Evaluate and treat for fractures.
G. Evaluate and treat for burns.
All persons should maintain current cardiopulmonary resus
citation (CPR) and first-aid certification.
All individuals should have the right to leave an athletic site
or activity, without fear of repercussion or penalty, in order to
seek a safe structure or location if they feel they are in danger
from impending lightning activity. 13' 15

BACKGROUND
Lightning-Flash Development
Within a developing thunderstorm cloud, updrafts promote
the collision of rising and descending ice and water particles,
and the positive and negative charges are separated into distinct
layers. Positive charges are taken via updrafts to the top of the
cloud, while negative charges accumulate in the bottom of the
cloud, creating the equivalent of a giant atmospheric battery. 8
A cloud-to-ground lightning flash is the product of the
buildup and discharge of static electric energy between the
charged regions of the cloud and the earth. The negatively
charged lower region of the cloud induces a positive charge on
the ground below. The tremendous electric forces between
these 2 opposite charges initiate the lightning flash, which
begins as a barely visible step leader moving in a series of steps
downward from the cloud. Various objects on the ground
(trees, chimneys, people, etc) can produce positively charged,
upward streamers. The connection of the step leader with an
upward streamer determines the connection point on the
ground. After contact, a bright return stroke propagates upward
from the ground, while electrons move downward toward the
earth. 8 This entire phenomenon happens in less than a fraction
of a second, 8 but a large amount of charge is transferred to the
earth from the cloud.
Most lightning flashes have several return strokes, separated
by only 0.004 to 0.005 seconds. 8 The human eye can barely

resolve the intervals between the strokes that cause the light
ning flash to appear to flicker. A lightning flash is essentially
a brief spark, similar to that received from touching a doorknob
after walking across a carpeted room. The lightning channel is
approximately 2.54 cm (1 inch) in diameter and averages 4.83
to 8.05 km (3 to 5 miles) in vertical height but can be 9.66 km
(6 miles) or higher. 8 Cloud-to-ground lightning flashes typi
cally have peak currents ranging from 10 000 to 200 000 A,
and the electric potential between the cloud and ground can be
10 000 000 to 100 000 000 V. 8
Thunder is created when lightning quickly heats the air
around it, sometimes to temperatures greater than approxi
mately 27 800°C (50 000°F), which is about 5 times hotter than
the surface of the sun. 8 The rapidly heated air around a
lightning channel explodes, which in turn creates the sound we
hear as a clap of thunder. 8 The audible range of thunder is
about 16.09 km (10 miles) but can be more or less depending
on local conditions. 1 Heat lightning is intracloud or intercloud
lightning that is too distant for the accompanying thunder to be
heard. 8 Although it is possible to have lightning without
thunder, thunder never occurs in the absence of lightning.
Lightning Casualty Demographics
On average, lightning kills approximately 100 people each
year in this country, while many hundreds more are injured.2"5
The death toll from lightning for 1940 to 1973 was greater than
that from tornadoes and hurricanes combined. 17 Ninety-two
percent of lightning casualties occur between May and Sep
tember, while July has the greatest number of casualties. 2'3'7' 18
Furthermore, 45% of the deaths and 80% of the casualties
occurred in these months between 10:00 AM and 7:00 PM,2'3 '7 '8
which coincides with the most likely time period for athletic or
recreational events. For these reasons, it is accurate to say that
lightning is the most dangerous and frequently encountered
severe-storm hazard that most people experience each
year 10,11
The statistics on lightning casualty demographics compiled
from the National Oceanographic and Atmospheric Adminis
tration publication Storm Data for the state of Colorado over
the last few decades demonstrate an increase in the number of
lightning casualties in persons involved in sports and outdoor
recreation.7' 10' 18 ' 19 Fifty-two percent of lightning casualties
were people involved in outdoor recreation. 7 ' 18 In addition,
these authors noted that the highest number of casualties from
lightning was recorded in recreational and sports activities for
each year of the study. 18 During the 1960s, more than 30% of
lightning casualties occurred during outdoor recreation activi
ties; during the 1970s, that figure rose to 47%. lv Furthermore,
the rate of increase of lightning casualties during sports was
higher than the general United States population rate of
increase during the same time period. 7' 18
Lightning casualty statistics from Colorado demonstrate that
the most common sites for fatalities were open fields
(27%), near trees (16%), and close to water (13%). 7'8' 18
Statistics from the country as a whole mimic the numbers from
Colorado. Open fields, ballparks, and playgrounds accounted
for nearly 27% of casualties, and under trees (14%), waterrelated (8%), and golf-related (5%) deaths associated with
lightning followed. 19 All these fatalities had 1 common de
nominator: being near the highest object or being the tallest
object in the immediate area. This single factor accounted for
56% of all fatalities from Colorado. Thus, it is imperative to

avoid high ridges and high points on the terrain, and con
versely, it is important to seek low-lying points on the
terrain. 1 '3 '8' 13-15
The height above ground has been demonstrated to play a
prominent role in determining the strike probability. Therefore,
it is important to understand why minimizing vertical height is
critical in decreasing the chances of becoming a victim of
lightning. Warning signs of a high electromagnetic field and
imminent lightning strike include hair standing on end and
sounds similar to bacon sizzling or cloth tearing. 8 If these
conditions occur, a cloud-to-ground lightning flash could strike
in the immediate area. Therefore, one should immediately
crouch in the lightning-safe position: feet together, weight on the
balls of the feet, head lowered, and ears covered. 1 This position is
intended to minimize the probability of a direct strike by both
lowering the person's height and minimizing the area in contact
with the surface of the ground. Taller objects are more likely to be
struck (but not always) because their upward streamer occurs first,
so that it is closer in proximity to the step leader coming
downward from the cloud.
The ultimate message is that individuals in dangerous
lightning situations should never wait to seek a safe location
and pursue safety measures. It is important to be proactive by
having all individuals inside a safe structure or location long
before the lightning is close enough to be threatening.
Mechanisms of Lightning Injury
Injury from lightning can occur via 5 mechanisms. 16 A
direct strike most commonly occurs to the head, and lightning
current enters the orifices. This mechanism explains why eye
and ear injuries in lightning-strike victims are abundantly
reported in the literature. 16 The shock wave created by the
lightning channel can also produce injuries, such as rupture of
the tympanic membrane, a common clinical presentation in the
lightning-strike victim. 16'23 '24 Recommending that individuals
cover their ears while in the lightning-safe position may help to
mitigate this type of injury.
The second mechanism, contact injury, occurs when the
lightning victim is touching an object that is in the pathway of
a lightning current. 16 Side flash, the third mechanism, occurs
when lightning strikes an object near the victim and then jumps
from that object to the victim. This is the main danger to a
person who is sheltered under an isolated, tall tree.6 An upward
streamer is triggered by the tree but when this connects with
the step leader, the resulting stroke jumps to the victim, who
represents an additional pathway to ground.
The fourth mechanism, a step voltage or ground current,
occurs when the lightning current flowing in the ground
radiates outward in waves from the strike point. If 1 of the
individual's feet is closer to the strike than the other, a step
voltage is created. 6' 16 Humans are primarily salt minerals in an
aqueous solution, and a lightning current preferentially travels
up from the earth through this solution (that is, the person)
rather than through the ground. The greater the differential step
voltage (ie, the greater the distance between the 2 feet), the
greater the likelihood of injury. Placing one's feet close
together while in the crouched position and not lying flat on the
ground are crucial in reducing the likelihood of injury from a
step voltage or ground current.
Blunt injury is the fifth mechanism for lightning-strike
injuries. Lightning current can cause violent muscular contrac
tions that throw its victims many meters from the strike point.
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Explosive and implosive forces created by the rapid heating
and cooling by the lightning current are also enough to produce
traumatic injuries. 16
Common Effects of Lightning Injury
While lightning kills nearly 100 people annually in this
country, the protracted suffering of the survivors should not be
underestimated. Although the only acute cause of death
from lightning injury is cardiac arrest,20 the anoxic brain
damage that can occur if the person is not rapidly resuscitated
can be devastating. In addition, even for the survivor who did
not sustain a cardiac arrest, permanent sequelae can include
common brain-injury symptoms such as deficits in short-term
memory and processing of new information, as well as severe
and ongoing headaches, hyperirritability, sleep disturbances,
and distractibility. 21 '22 Others may develop chronic pain syn
dromes or absence-type seizures. Frequently, survivors are
unable to return to their previous level of function. They may
not be able to continue in their jobs or in their educational
pursuits and may be permanently disabled.
Components of a Lightning-Safety Policy
The purpose of formalizing a policy on lightning safety is to
provide written guidelines for safety during lightning storms.
Ninety-two percent of National Collegiate Athletic Association
Division I athletics departments responding to a survey did not
have a formal, written lightning-safety policy. 12 The best
means of reducing the lightning hazard to people is to be
proactive. Athletic and recreational personnel should for
malize and implement an emergency action plan specific to
lightning safety before the thunderstorm season. 1 ' 11 ' 13" 15
Dissemination of the plan is paramount, so that all persons
will know what to do and where to go to improve their own
safety during thunderstorms. The 6 components of a light
ning-safety policy or emergency action plan for lightning
are discussed in the following paragraphs.
The first component in an emergency action plan or policy
for lightning safety is the establishment of a specific chain of
command that identifies the person who has the authority to
remove participants from athletic venues or activities. The
second is to appoint a weather watcher who actively looks for
signs of developing local thunderstorms, such as high winds,
darkening clouds, and any lightning or thunder.
The third element of a lightning-safety policy is the stipu
lation for monitoring local weather forecasts. One method is to
use weather radios that broadcast information on daily fore
casts and approaching storm systems. Weather radios are an
excellent informational tool for general storm movement and
strength. While this information is extremely important in
decision making, the National Weather Service does not
broadcast information on specific storm cells or lightning.
Therefore, in addition to monitoring weather radios, it is
essential that the weather watcher be on constant lookout for
conditions in the immediate vicinity of the athletic event and
compare these conditions with the weather radio information.
When a local area is placed under a severe-storm watch or
warning by the National Weather Service, weather radios can
be programmed to give audible alert tones. A watch indicates
conditions are favorable for severe weather; a warning means
severe weather has been detected in the locale, and all persons
should take the necessary precautions to preserve their own
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safety. If severe storms are in the vicinity, all individuals
should more intently monitor thunderstorm activity, such as
severity and direction of movement of the storm. It may also
mean that steps should be taken to remove athletes from the
field or perhaps to postpone or suspend athletic or recreational
activities during the event or before the storm begins.
Safe Locations
The fourth aspect of a lightning-safety policy, defining and
listing safe structures or locations to evacuate to in the event of
lightning, is of utmost importance. While there are reports of
people being injured by lightning inside buildings, 8 evacuating
to a substantial building can considerably lower the risks of
lightning injury compared with those of remaining outside
during the thunderstorm. The lightning-safety policy should
identify the safe structure or location specific to each venue.
This information will enable individuals to know where to go
in advance of any thunderstorm situation and appreciate how
long it takes to get to the specific safe location from each field
or event site.
The primary choice for a safe structure is any fully enclosed,
substantial building. 1 '3'8' 13"15 Ideally, the building should have
plumbing, electric wiring, and telephone service. The lightning
current is more likely to follow these pathways to ground,
which aids in electrically grounding the structure. 8 If a sub
stantial building is not available, a fully enclosed vehicle with
a metal roof and the windows completely closed is a reasonable
alternative. 1 '3 ' 13"15 It is not the rubber tires that make the
vehicle safe but the metal enclosure that guides the lightning
current around the passengers, rather than through them. Do
not touch any part of the metal framework while inside the
vehicle. 8 Convertible vehicles and golf carts do not provide a
high level of protection and cannot be considered safe from
lightning.
Unsafe Locations
Unfortunately, those properties that serve to define a safe
structure and improve the safety of its inhabitants also present
a potential risk. Lightning current can enter a building via the
electric or telephone wiring. It can also enter via a ground
current through the incoming plumbing pipelines. This condi
tion makes locker-room shower areas, swimming pools (indoor
and outdoor), telephones, and electric appliances unsafe during
thunderstorms because of the possible contact with currentcarrying conduction. While such reports are rare, people have
been killed or injured by lightning in their homes while talking
on the telephone, taking a shower, or standing near household
appliances such as dishwashers, stoves, or refrigera
tors. 1,3,8,13-15
From 1959 through 1965, lightning killed 4 people and
injured 36 others while they were talking on the telephone.
These numbers comprised 0.42% (n = 960) of deaths and 2.1%
(n = 1736) of injuries for the period. 5 Studying reports from
Storm Data, researchers found that between 1959 and 1994,
2.4% of lightning casualties were telephone related. 2 Because
they are not connected directly to a land-line phone, cellular
and cordless telephones are reasonably safe alternatives for
summoning help during a thunderstorm. It should be noted that
injury from acoustic damage can occur via explosive static
from the earpiece caused by a nearby lightning strike.

Even though a swimming pool may be indoors and appar
ently safe, it can be a dangerous location during thunder
storms.25 The current can be propagated through plumbing and
electric connections via the underwater lights and drains of
most swimming pools. Lightning current can also enter the
building, either into the electric wiring inside the building or
through underground plumbing pipelines that enter the build
ing. 8 If lightning strikes the building or ground nearby, the
current will most likely follow these pathways to the swimmers
through the water. Thus, indoor-pool activities are potentially
dangerous and should be avoided during thunderstorms. 25
Small structures, such as rain or picnic shelters or athletic
storage sheds, are generally not properly protected and should
be avoided during thunderstorms. These locations may actually
increase the risk of lightning strike via a side flash and cause
injury to the occupants.
Criteria for Postponement and Resumption
of Activities
The fifth component of any lightning-safety policy is to
clearly describe criteria for both the suspension and resumption
of athletic or recreational activities. Various technologies
currently on the market propose to assist in determining when
lightning is in the immediate area. Within the developing area
of this lightning technology, data-based research is insufficient
to either support or dispute companies' claims regarding
establishing when one is in danger of a lightning strike.
Therefore the National Athletic Trainers' Association pro
motes the flash-to-bang standard to warn people of imminent
lightning danger. The flash-to-bang method is the easiest and
most convenient means for determining the distance to a
lightning flash and can also be used to determine when to
suspend or postpone activities. The flash-to-bang method is
based on the fact that light travels faster than sound, which
travels at a speed of approximately 1.61 km (1 mile) every 5
seconds. 1 '8' 13 ' 14 To use the flash-to-bang method, begin count
ing on the lightning flash, and stop counting when the
associated clap of thunder is heard. When storms have a high
flash rate, it is important to correlate a specific flash with the
thunder it produced. Divide the time to thunder (in seconds) by
5 to determine the distance (in miles) to the lightning
flash. 1 '8' 13' 14 For example, an observer obtains a count of 30
seconds from the time he or she spots the flash to when the
thunder is heard. Thirty divided by 5 equals 6; therefore, that
lightning flash was 6 miles (9.66 km) from the observer.
The 30-second rule is not an arbitrary guideline. Lopez and
Holle26 studied storms in Oklahoma, Colorado, and Florida
and found that in larger thunderstorms, the distance between
successive flashes can be up to 6 miles (9.66 km) (ie, a
flash-to-bang count of 30 seconds) in approximately 80% of
the flash pairs. The authors also found the distance between
successive flashes may be as great as 9 miles (14.48 km) or
more, depending on local geography and atmospheric condi
tions. If a flash-to-bang count of 30 seconds is observed, the
next flash could conceivably be at the observer's location.
Another important factor to consider when using the flashto-bang method is that, although a relatively rare occurrence,
lightning has been reported to strike 16.09 km (10 miles) or
more from where it is raining. 1 Therefore, a flash-to-bang
count of at least 30 seconds is strongly recommended as a
determinant of when to suspend or postpone athletic or
recreational activities. 13" 15 As the flash-to-bang count ap

proaches 30 seconds, all persons should be seeking, or already
inside, a safe structure or location. This is the minimal
guideline when using the flash-to-bang method to halt athletic
or recreational activities. Seeking a safe location at the first
sign of thunder or lightning activity is also highly recom
mended.
Another facet of the lightning-safety policy is embodied in
the "30-30 rule" (Table 1), which relies on the flash-to-bang
method. If a game, practice, or other activity is suspended or
postponed due to lightning activity, it is important to establish
strict criteria in the lightning- safety policy for resumption of
activities. Waiting at least 30 minutes after the last lightning
flash or sound of thunder is recommended. 13" 15 When storm
reports and flash data at the time of death or injury were
compared, researchers found that the end of the storm, when
the flash-rate frequency began to decline, was as deadly as the
middle of the storm, when the lightning flash rate was at its
peak. The authors postulated that once the flash rate begins to
decline, people do not perceive the thunderstorm as dangerous
and are struck by lightning when they return outdoors prema
turely. 1 An important adage for athletic trainers, coaches, and
officials to remember is, "if you see it (lightning) flee it, if you
hear it (thunder), clear it."
The 30-minute rule can also be explained in another way. A
typical thunderstorm moves at a rate of approximately 40.23
km (25 miles) per hour. Experts believe that 30 minutes allow
the thunderstorm to be about 16.09 to 19.31 km (10 to 12
miles) from the area, minimizing the probability of a nearby,
and therefore dangerous, lightning strike. 15 Blue sky in the
local area or a lack of rainfall are not adequate reasons to
breach the 30-minute return-to-play rule. Lightning can strike
far from where it is raining, even when the clouds begin to
clear and show evidence of blue sky. 1 This situation is often
referred to as a "bolt out of the blue." Each time lightning is
observed or thunder is heard, the 30-minute clock should be
reset.
Obligation to Warn
The recommendation for reading lightning-safety messages
over public address systems and placing placards conspicu
ously around each venue resulted from a fatal lightning strike
in Washington, DC, in May 199 1. 27 During a high school
lacrosse game, a dangerous thunderstorm swept into the local
area, and the game was suspended. Lightning killed 1 young
person and injured 10 others who sought refuge under a tree.
Many people stated that they did not know what to do or where
to go to protect themselves from the dangers of lightning.
According to the basic principles of tort law, an individual
has a duty to warn others of dangers that may not be obvious
to a guest or subordinate of that person. 28 Black et al29 defined
the legal principle of "foreseeability" as "the ability to see or
Table 1. The 30-30 Rule15

Criteria for suspension of
activities

Criteria for resumption of
activities

By the time the flash-to-bang
count approaches 30
seconds, all individuals should
already be inside a safe shelter.
Wait at least 30 minutes after
the last sound (thunder) or
observation of lightning before
leaving the safe shelter to
resume activities.
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know in advance, eg, reasonable anticipation, that harm or
injury is a likely result from certain acts or omissions." With
regard to dangerous lightning situations, it could be argued that
an institution (or athletic department) has the duty to warn
spectators, invited guests, and participants if conditions are
such that lightning activity may be an imminent danger in the
immediate area. Whereas lightning is understood by all to be a
dangerous phenomenon, the importance of seeking safe shelter
and the specific time that one should vacate to safety are
generally not known. Based on research presented in this
article regarding the number of lightning casualties resulting
from the erroneous tendency of people to seek shelter under
trees, it would be wise for an organization to promote lightning
safety to its clientele and participants, including a list of
specific safe locations or structures.
Warnings should be commensurate with the age and under
standing of those involved. Announcements should be repeated
over the public address system and colorful notices and safety
instructions both placed in the event programs and posted in
visible, high-traffic areas. Safety instructions should include
the location of the nearest safe shelter, similar to airline pocket
diagrams of nearest emergency exits. Being proactive with
regard to the lightning threat demands not putting individuals
at risk if a hazardous situation could have been prevented. If
thunderstorm activity looks menacing before or during an
event, consider canceling or postponing the event until the
complete weather situation can be ascertained and determined
to no longer be a threat. The first lightning flash from the
thunderstorm cloud and storms that produce only a few flashes
still pose a potential threat and should be treated as such. Every
cloud-to-ground lightning flash is dangerous and potentially
deadly and should not be taken lightly or viewed complacently.
Therefore, it is the recommendation of the National Athletic
Trainers' Association to postpone or suspend athletic and
recreational activities before their onset, if thunderstorm activ
ity appears imminent.
Prehospital Care of Victims
If a lightning-strike victim presents in asystole or respiratory
arrest, it is critical to initiate CPR as soon as safely pos
sible. 23 Because lightning-strike victims do not remain con
nected to a power source, they do not carry an electric charge
and are safe to assess. 30 However, during an ongoing thunder
storm, lightning activity in the local area still poses a deadly
hazard for the medical team responding to the incident. The
athletic trainer or other medical personnel should consider his
or her own personal safety before venturing into a dangerous
situation to render care.
If medical personnel assume the risk of entering a dangerous
lightning situation to render care, the first priority should be to
move the victim to a safe location. In this way, a hazardous
situation can be neutralized for the athletic trainer, as well as
the victim. It is unlikely that moving a victim to an area of
greater safety for resuscitation will cause any serious injury to
the victim. 16 The primary and secondary survey of the victim's
condition can then be conducted once safety is reached.
It is not uncommon to find a lightning-strike victim uncon
scious, with fixed and dilated pupils and cold extremities and
in cardiopulmonary arrest. Case studies of individuals with
prolonged apnea and asystole after a lightning strike have
demonstrated successful resuscitations using CPR. 23'24'31 Once
stopped, the heart will most likely spontaneously restart, but
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Table 2. Recommended Prehospital Care for Treating Lightningstrike Victims 16_____________________________
Perform the following steps in order:
1. Survey the scene for safety.
2. Activate the local emergency management system.
3. Carefully move the victim to a safe area, if needed.
4. Evaluate and treat for apnea and asystole.
5. Evaluate and treat for hypothermia and shock.
6. Evaluate and treat for fractures.
7. Evaluate and treat for burns.

breathing centers in the brain may be damaged. Respiratory
arrest lasts longer than cardiac arrest, leading to secondary
asystole from hypoxia. 16 Therefore, the basic principle of
triage, "treat the living first," should be reversed in cases
involving casualties from a lightning strike. It is imperative to
treat those persons who are "apparently dead" first by promptly
initiating CPR. See Table 2 for quick-reference guidelines in
evaluating and treating victims of lightning strike.
CONCLUSIONS

Due to its pervasiveness during the times that most athletic
events occur, lightning is a significant hazard to the physically
active population. Lightning-casualty statistics show an alarm
ing rise in the number of lightning casualties in recreational
and sports settings in recent decades. 2'3'9 Each person must
take responsibility for his or her own personal safety during
thunderstorms. 10 However, because people are often under the
direction of others, whether they are children or adults partic
ipating in organized athletics, athletic trainers, coaches, teach
ers, and game officials must receive education about the
hazards of lightning and become familiar with proved light
ning-safety strategies. A policy is only as good as its compli
ance and unwavering, broad-based enforcement.
It is important to be much more wary of the lightning threat
than the rain. Lightning can strike in the absence of rain, as
well as from apparently clear blue skies overhead, even though
a thunderstorm may be nearby. The presence of lightning or
thunder should be the determining factor in postponing or
suspending games and activities, not the amount of rainfall on
the playing field. Lightning should be the only critical factor in
decision making for athletic trainers, umpires, officials, refer
ees, and coaches.
Athletic trainers, umpires, officials, referees, coaches, teach
ers, and parents can make a difference in reducing the number
of lightning casualties if they (1) formalize and implement a
lightning-safety policy or emergency action plan specific to
lightning safety; (2) understand the qualifications of safe
structures or locations, in addition to knowing where they are
in relation to each athletic field or activity site; (3) understand
the 30-30 rule as a minimal determinant of when to suspend
activities and follow it; being conservative and suspending
activities at the first sign of lightning or thunder activity is also
prudent and wise; (4) practice and follow the published
lightning-safety guidelines and strategies; (5) and maintain
CPR and standard first-aid certification.
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Human Kinetics and its editors have
assembled an excellent compilation on
the management of posterior cruciate
injuries. Luckily, injuries to the poste
rior cruciate ligament (PCL) are not
the most frequent injuries to the knee,
but when they do occur, they can be
devastating or, as you learn in this
issue, not so devastating.
The sophistication of the material
presented in this special issue makes it
suitable for the advanced undergradu
ate or graduate student in the study of
orthopaedic injury. The editor has
brought together some of the top re
searchers and clinicians, so the mate
rial is up to date and in depth.
The issue is so inclusive that it could
be used as an entire unit on PCL
injuries. The topics range from anat
omy and biomechanics to natural his
tory, injury mechanism, and evaluation
to muscle function, proprioception,
and rehabilitation. Not only would this
information be good for a curriculum,
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but it would be very appropriate for
continuing education. The issue sup
plies material that may not have been
taught in previous curriculum studies.
Despite articles by different authors
at different facilities, the material
flows very well, the authors support
each other, and repetition is minimal. I
think what makes this information so
useful is that it is science backing good
sense. The management suggestions
should be considered the standard of
care for PCL injuries.
The first article is a research-packed
review of the anatomic and biomechanical considerations of the PCL by
Harner, Vogrin, and Woo. They not
only describe the relevant anatomy but
also discuss the biomechanics of the
PCL and the reconstructed PCL. It is
one of the best reviews I have seen.
Shelbourne and Gray review the
limited knowledge of the natural his
tory of the injured PCL. The third
article reviews the surgical manage
ment of the injured PCL. Gastel et al
note that most athletes with isolated
PCL injuries do well with conservative
treatment; those with concomitant in
juries usually need surgical interven
tion. Their discussions lead the reader
through the various types of surgical
techniques and postoperative tech
niques. Of much interest these days is
the role of proprioception when a joint
structure is injured. Safran et al review
their study on the reduction in propri
oception when the PCL is torn and
restoration of that loss with reconstruc
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tion. Yasuda et al present their data on
the alteration of muscle-firing patterns
in patients with torn PCLs. They sug
gest that this alteration may be a com
pensatory mechanism for the PCLinjured patient.
In the sixth article, Wilk et al
discuss useful guidelines for rehabil
itation of nonoperative and postoper
ative PCL patients based on tissue
healing, with advancement with de
termined by objective functional pro
gression. An excellent table allows
the reader to see the entire set of
guidelines at one time. Finally, Borsa
and et al explain the functional res
toration of the PCL-injured athlete.
Key concepts for functional training
are explained, and a complete pro
gression for restoring dynamic joint
stability is provided, with excellent
illustrations.
The Journal of Sport Rehabilitation
earlier published a special issue on
anterior cruciate ligament injuries.
This publication is an excellent addi
tion to it: very affordable and a real
value. I have not seen a better offer
ing when it comes to this special
topic. The editors have presented a
well-orchestraded publication that is
a valuable tool for both educators
and clinicians.

Turner A. "TAB" Blackburn, Jr,
MEd, PT, ATC
Tulane Institute of Sports Medicine
New Orleans, LA
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